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Figure 2 : Représentation de la variation de l’effet BOLD au cours des différentes phases 
de l’activation cérébrale en fonction du temps (D’après Stefanovic et al, (40)) : Lorsque la 
CMRO2 augmente brutalement, le signal n’est pas modifié durant les toutes premières 
secondes, la cellule faisant appel au métabolisme anaérobie pour répondre à la demande 
énergétique. Dans un deuxième temps, l’augmentation de la désoxyhémoglobine veineuse 
entraine le creux à la base de la courbe. Lorsque le DSC augmente pour répondre à la 
demande, on constate un accroissement de la courbe jusqu’à un plateau. Le signal BOLD 
diminue ensuite lorsque le DSC baisse et que parallèlement le VSC s’accroît par 
augmentation du sang veineux, jusqu’à un retour à l’état d’équilibre. 

 

Les modifications du BOLD sont ensuite superposées aux coupes morphologiques 

standard permettant de dresser une cartographie fonctionnelle du cerveau. On soumet le 

patient à différentes tâches faisant appel à différentes fonctionnalités telles que la motricité, la 

sensibilité, le langage, l’audition pour ne citer qu’eux. En fonction des différentes tâches 

exécutées, différentes zones cérébrales vont s’activer, ce qui pourra être détecté via l’effet 

BOLD. 

C’est dans ce cadre que l’IRMf connaît ses principaux champs d’applications : En 

effet, elle est utilisée couramment en neuro-oncologie dans le bilan préopératoire des tumeurs 

cérébrales. L’IRMf permet alors d’évaluer les séquelles possibles après résection chirurgicale 

de la tumeur en fonction de la localisation de celle-ci par rapport aux aires testées. 

Si
gn

al
 B

O
LD

 [%
]

Temps [s]

1

2

3

0

-1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Décours temporel du signal BOLD 

!"#$#%&'(#)
*+,$-,$#./&/,'/"(01,2++$

IRM / GIN – CHU Grenoble

Temps [s]

CMRO2VSC
DSCBOLD!

O2 O2 O2 O2 O2 O2

-2

Courtesy: B. Stefanovic

A. Krainik, J. Warnking

!"#$#%&'(#)
*+,$-,$#./&/,'/"(01,2++$

HJII7$I`a@^8$J^[^J$7^A^8798K$

IX<B?H$0+31$+.>5.2,'$7!9#9@8^K!Qb^$
750)X<B?6$0+31$=,23,&X$A9"9#9@8^K!Qb^$



!"#$G)34()33,'', 



!"#$G)34()33,'', 

IRM / GIN – CHU GrenobleA. Krainik, J. Warnking

Krainik, J Radiol 2006



A'+3 

•! !"#$%).-;)')12E&,$.+--,'0$
•! !"#$,3$>,30,&.$*,$*2F&02)3$
•! C-,4>.)B!"#$
•! !"#$G)34()33,'',B"CBHIJ7$
•! 9--'24+()30$



!"#$%&'(%)*+',$Y$+3)X2, 
97:B#7$

E"%GHI%E9%CHHI%

E'J$'K5#6L%M"%NO%P%NQ%

Wijman et al, Annals of neurology, 2009 

Copyright © 2015 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Clinical Investigations

www.ccmjournal.org 2375

In this study, we evaluated DWI findings, divided by their 
anatomical locations including four lobes of cerebral lesions, 
basal ganglia-thalamus, brain stem, and cerebellum, because 
an evaluation of an anatomical lesion is simpler and more use-
ful in a clinical setting. The largest numbers of lesions with low 
diffusion values in the patients with a poor neurologic outcome 
are situated in the parietal (81.4%) and occipital (77.1%) cor-
tex. This result is in agreement with a previous report in which 
the presence of cortical involvement appeared to indicate a 
poor outcome (19). Except cerebral cortex, the most common 
affected site was the basal ganglia-thalamus (46.6%). These 
brain regions are especially vulnerable to hypoxic- ischemic 
injury from previous studies (20, 21).

The value of diffusion tensor imaging in characterizing the 
distribution and severity of white-matter damage were evalu-
ated by Luyt et al (22). Fractional anisotropy, a diffusion tensor 
imaging value, seems to predict outcome with a 94% sensitiv-
ity and 100 specificity. Although diffusion tensor imaging is 
promising, its use as a prognostic tool needs to be confirmed 
in larger population.

Most of the DWI-positive patients will have a poor neu-
rologic outcome except four patients in our cohort. Each of 
these four cases suffered an injury only on the cerebral cor-
tex and had a limited solitary lesion except for one patient. 
Only one other case had a diffuse cerebral cortical hypoxic 
injury; the case was witnessed cardiac arrest by hanging. His 

TABLE 3. Therapeutic Hypothermia Characteristics
Characteristics Total (n = 172) Good (n = 54) Poor (n = 118) p

Target temperature (°C) (170a) 0.145

        33 161 (93.6) 49 (90.7) 112 (96.6)

        34 9 (5.2) 5 (9.3) 4 (3.4)

Time from return of spontaneous 
circulation to start of TH (min)

62 [31–62]; 168a 73 [32–177]; 54a 60 [31–133]; 114a 0.434

Time from start of TH to achieve 
target temperature (min)

170 [92–240]; 172a 150 [120–300]; 54a 145 [73–240]; 118a 0.310

Duration of maintenance (min) 1,440 [1,320–1,470]; 171a 1,440 [1,320–1,470]; 54a 1,440 [1,320–1,470]; 117a 0.570

Duration of rewarming (min) 720 [540–960]; 168a 690 [480–840]; 54a 720 [600–1,020]; 114a 0.050

a   

TABLE 4. Diffusion MRI Findings for Predicting Poor Neurologic Outcome at  
Hospital Discharge

Involved Brain Region, n (%)
Good  

Outcome
Poor  

Outcome p
Sensitivity/ 
Specificity

Positive /Negative  
Predictive Value AUC p

Cerebral cortex

        Frontal (n = 88) 2 (3.7) 86 (72.9) < 0.01 96/73 62/98 0.85 < 0.01

        Parietal (n = 98) 2 (3.7) 96 (81.4) < 0.01 96/81 70/98 0.89 < 0.01

        Temporal (n = 82) 1 (1.9) 81 (68.6) < 0.01 98/69 59/99 0.83 < 0.01

        Occipital (n = 93) 2 (3.7) 91 (77.1) < 0.01 96/77 66/98 0.87 < 0.01

Basal ganglia or thalamus (n = 55) 0 (0.0) 55 (46.6) < 0.01 54/47 46/100 0.73 < 0.01

Cerebellum (n = 37) 0 (0.0) 37 (31.4) < 0.01 100/31 40/100 0.66 < 0.01

Brain stem (n = 3) 0 (0.0) 3 (2.5) 0.55 100/3 32/100 0.51 0.79

MRI positive findinga 4 (7.4) 102 (86.4) < 0.01 93/86 76/96 0.90 < 0.01

        ≤ 3 d (n = 146) 2 (4.9) 92 (87.6) < 0.01 95/88 75/98 0.91 < 0.01

        > 3 d (n = 26) 2 (15.4) 10 (76.9) < 0.01 85/77 79/83 0.81 < 0.01

Numbers of involved lesion 0 [0–0] 4 [3–5] < 0.01 0.93 0.02

a   

n

Seung Mok et al, CCM, 2015 
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Figure 3 : Représentation des 20 régions d’intérêts de la 
substance blanche (selon Mori et al,) 
 

 
4.2.2 Spectroscopie par résonance magnétique 

Les coupes sur les noyaux gris centraux ont été acquises au moyen de séquences 2D 

CSI permettant l’étude multi-voxel en deux dimensions. Un voxel d’une taille standard de 

10x10x10 mm était positionné tour à tour sur les différentes zones d’intérêt: thalamus droit, 

thalamus gauche, noyau lenticulaire droit, noyau lenticulaire gauche (figure 4). Les SRM du 

pont ont été obtenues par une séquence monovoxel mesurant 20x20x20 mm située aux deux 

Mh$"I!$7^$J9$0&60>+34,$6'+34;,$
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ComaSoft REPORT - 2015/12/28

DISCLAIMER
The conclusions obtained from the COMASOFT software are a diagnostic and prognostic aid. They do not substitute
the decisions of clinicians, who remain responsible for their diagnoses, prognoses, prescriptions and clinical care
at all times. The conclusions provided by the COMASOFT report are for informational purposes only. They do not absolve
the user from the responsibility of considering all necessary details when making a decision. They cannot be used in
isolation in any circumstance.
Consequently, AP-HP, UPMC, and Inserm are not responsible for any direct or indirect damage resulting from the use
of the data, information, or results obtained from the COMASOFT software. The user accepts and recognizes that the use
of this information is under his/her sole and exclusive responsibility.

DECHARGE DE RESPONSABILITE
Les conclusions obtenues grace au systeme logiciel COMASOFT constituent une aide au diagnostic et au pronostic. Elles ne
se substituent pas aux decisions  cliniques des praticiens qui demeurent responsables de leur diagnostic, de leur pronostic,
de leurs prescriptions et de leur prise en charge en toutes circonstances. Les conclusions fournies par l outil a travers le 
rapport COMASOFT le sont a titre indicatif. Elles ne sauraient dispenser l utilisateur de reunir tous les arguments necessaires
a sa decision. Elles ne peuvent en aucun cas etre utilisees de maniere isolee.
En consequence, l AP-HP, l UPMC et l Inserm ne pourront en aucun cas etre tenus responsables de tout dommage direct ou
indirect resultant de l utilisation des donnees, informations ou resultats issus de ce systeme logiciel COMASOFT. L utilisateur
reconnait utiliser ces informations sous sa seule responsabilite exclusive.

mis01171garje_20151225PATIENT REFERENCE :
52PATIENTS AGE :
ctrl_psl_3t_50d_85_mask_freesurferDTI CONTROLS GROUP :
AC_mask20_wobs_LOGwfeatselFA_N=100_2013/10/25CLASSIFIER :
N=100_Male=74_UFO=78_age=50(+-17)TRAINING GROUP :
0.601UFO SCORE :

1 of 9
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Whole Brain Measures

Patient FA MD L1 Lt
Whole Brain 0.952 1.134 1.118 1.146
White matter 0.913 1.126 1.078 1.184
Grey matter 0.968 1.134 1.126 1.139

+-1*SD Controls FA MD L1 Lt
Whole Brain 0.984-1.016 0.972-1.028 0.977-1.023 0.968-1.032
White matter 0.97-1.03 0.968-1.032 0.979-1.021 0.95-1.05
Grey matter 0.97-1.03 0.968-1.032 0.979-1.021 0.95-1.05

+-2*SD Controls FA MD L1 Lt
Whole Brain 0.968-1.032 0.944-1.056 0.954-1.046 0.936-1.064
White matter 0.94-1.06 0.936-1.064 0.958-1.042 0.9-1.1
Grey matter 0.94-1.06 0.936-1.064 0.958-1.042 0.9-1.1

5 of 9

Patient FA MD L1 Lt
Whole Brain 0.952 1.134 1.118 1.146
White matter 0.913 1.126 1.078 1.184
Grey matter 0.968 1.134 1.126 1.139
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Figure 3 : Représentation des 20 régions d’intérêts de la 
substance blanche (selon Mori et al,) 
 

 
4.2.2 Spectroscopie par résonance magnétique 

Les coupes sur les noyaux gris centraux ont été acquises au moyen de séquences 2D 

CSI permettant l’étude multi-voxel en deux dimensions. Un voxel d’une taille standard de 

10x10x10 mm était positionné tour à tour sur les différentes zones d’intérêt: thalamus droit, 

thalamus gauche, noyau lenticulaire droit, noyau lenticulaire gauche (figure 4). Les SRM du 

pont ont été obtenues par une séquence monovoxel mesurant 20x20x20 mm située aux deux 
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5.2.2 La substance grise 

L’ADC global de la substance grise était de 1,08±0,04 dans le groupe CPC 1-2 et de 

1,05±0,14 dans le groupe CPC 3-5 (p=0,1).  

L’étude des variations régionales d’ADC ne montrait pas de différence significative 

entre les groupes CPC 1-2 et CPC 3-5. (figure 8) 

 

 
Figure 8 : Variations régionales des valeurs moyennes d’ADC dans les 9 régions 
d’intérêts de la substance grise pour les 2 groupes. Les résultats sont exprimés en 
pourcentage des valeurs des contrôles. Les barres verticales représentent les écarts-types 
respectifs dans chaque région d’intérêt. L’ADC moyen des patients au devenir favorable 
(CPC 1-2) n’est significativement pas différent de celui des patients au devenir 
défavorable (CPC 3-5) dans aucune des 9 régions d’intérêt (p>0,05). 

 
 

 
5.2.3 Prédiction du devenir neurologique par l’IRM de diffusion 

L’aire sous la courbe ROC de la FA globale de la substance blanche était de 0,94 (IC 

95% : 0,82 - 0,99) pour la prédiction du score CPC 3-5 (Figure 9). Une valeur de FA < 88% 

de la valeur des témoins prédisait un devenir neurologique défavorable avec une spécificité de 

100% (IC 95% : 74% - 100%) et une sensibilité de 81,5% (IC 95% : 62% - 94%). 
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5.2 IRM de diffusion 

5.2.1 La substance blanche 

Les valeurs de FA globale de la substance blanche étaient respectivement de 0,95 

±0,05 dans le groupe CPC 1-2 et de 0,79±0,13 dans le groupe CPC 3-5. Cette différence était 

statistiquement significative (p=0,00009). Cette baisse de la FA dans le groupe CPC 3-5 était 

le fait d’une diminution de la L1, en moyenne à 0,91±0,12 alors qu’elle était de 1,03±0,02 

dans le groupe CPC 1-2 (p=0,0007). En effet, on ne notait pas de différence entre les groupes 

dans les valeurs de Lt, respectivement de 1,15±0,19 et de 1,10±0,07 dans les groupes CPC 3-5 

et CPC 1-2 (p=0,17). Il n’existait pas non plus de différence significative dans les valeurs 

d’ADC de la substance blanche : ADC moyen respectivement de 1,02±0,15 dans le groupe 

CPC 3-5 et de 1,06±0,04 dans le groupe CPC 1-2. 

La diminution de la FA de la substance blanche dans le groupe CPC 3-5 était 

retrouvée de façon significative dans les 20 régions d’intérêts étudiées. (figure 7) 

 

 

 
Figure 7 : Variations régionales des valeurs moyennes de FA dans les 20 régions d’intérêts 
de la substance blanche pour les 2 groupes. Les résultats sont exprimés en pourcentage des 
valeurs des contrôles. Les barres verticales représentent les écarts-types respectifs dans 
chaque région d’intérêt. La FA moyenne des patients au devenir favorable (CPC 1-2) est 
significativement supérieure à celle des patients au devenir défavorable (CPC 3-5) dans 
chacune des 20 régions d’intérêt (p<0,05). 
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Early Brain Diffusion Tensor Imaging Predicts Long Term Outcome in Patients after 

Cardiac Arrest  

 !
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*A complete list of investigators in the Multimodal Resonance Imaging for Outcome Prediction 

on Coma Patients (MRI-COMA) study is provided in the Supplementary Appendix, available at 
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SUPPLEMENTARY FIGURES AND TABLES 

Figure S1. CONSORT flow chart 

Assessment, analysis populations, and follow-up of the patients in the MRI-COMA trial. 

 

 
!

33 patients 
with CPC < 3 

117 patients 
with CPC ! 3 

 
35 excluded : 

6 patients excluded for Fazekas > 4 (severe Leukoaraiosis) 
4 awake between D7 and MRI 

25 MRI were not interpretable :  
  13 DTI and 6 T1 Artefacts; 6 Motion >35 mm during DTI 

  

 185 included patients 

 150 analyzed patients 
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Figure S3. Receiver-Operating-Characteristic Curves for standard (Panel A), qualitative MRI 

(Panel B), and quantitative MRI (Panel C) predictors for poor outcome in the subpopulation of 

patients without a limitation or withdrawal of care 
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Figure S3. Receiver-Operating-Characteristic Curves for standard (Panel A), qualitative MRI 

(Panel B), and quantitative MRI (Panel C) predictors for poor outcome in the subpopulation of 

patients without a limitation or withdrawal of care 
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Table 3. Area Under the Receiver Operating Characteristic Curve (ROCAUC) Values and Cutoff Values with at least 100% Specificity 

Predicting Poor Outcome after Cardiac Arrest.* 

!

 

ROCAUC 

(95% confidence 

interval) 

Optimal  

Cutoff Specificity 

 

Sensitivity 

Predictive 

Positive 

Value 

Negative 

Predictive 

Value 

!

Variables 

  

Expressed in percent (95% confidence interval) 

Clinical, biological and electroencephalography (EEG) variables 

      

!

OHCA score 0.62 (0.50–0.75) † !58 100 (87–100) 6 (2–15) ‡ 100 (40–100) 31 (22–42) 

!

EEG Synek classification 0.74 (0.64–0.85) † !5 100 (86–100) 5 (2–11) ‡ 100 (48–100) 20 (13–28) 

 

aDC denotes average Diffusion Coefficient; DWI, Diffusion Weighted Imaging; FA, Fractional Anisotropy; FLAIR, Fluid-Attenuated Inversion Recovery and NAA/Cr, N-acetyl aspartate over creatinine ratios. 

OHCA score calculation, FLAIR-DWI scoring system and EEG Synek classification are described in additional files 2, 3 and 4 of the Supplementary Appendix, respectively. 

† ROCAUC significantly different than the one of the Whole white matter FA (P<0.001).  

‡ Sensitivity significantly different than the one of the Whole white matter FA (P<0.001). 
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Figure S3. Receiver-Operating-Characteristic Curves for standard (Panel A), qualitative MRI 

(Panel B), and quantitative MRI (Panel C) predictors for poor outcome in the subpopulation of 

patients without a limitation or withdrawal of care 
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!

OHCA score 0.62 (0.50–0.75) † !58 100 (87–100) 6 (2–15) ‡ 100 (40–100) 31 (22–42) 

!

EEG Synek classification 0.74 (0.64–0.85) † !5 100 (86–100) 5 (2–11) ‡ 100 (48–100) 20 (13–28) 

 

aDC denotes average Diffusion Coefficient; DWI, Diffusion Weighted Imaging; FA, Fractional Anisotropy; FLAIR, Fluid-Attenuated Inversion Recovery and NAA/Cr, N-acetyl aspartate over creatinine ratios. 
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6 (2–15) ‡

5 (2–11) ‡

0.62 (0.50–0.75) †

0.74 (0.64–0.85) †
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Table 3. Area Under the Receiver Operating Characteristic Curve (ROCAUC) Values and Cutoff Values with at least 100% Specificity 

Predicting Poor Outcome after Cardiac Arrest.* 

!

EEG Synek classification 0.74 (0.64–0.85) † !5 100 (86–100) 5 (2–11) ‡ 100 (48–100) 20 (13–28) 

Qualitative Magnetic Resonance Imaging (MRI) variables 

 

     

!

FLAIR-DWI “overall” score 0.83 (0.76–0.90) † !41 100 (89–100) 40 (31–50) ‡ 100 (92–100) 32 (23–42) 

!

FLAIR-DWI “cortex” score 0.75 (0.67–0.83) † !30 100 (89–100) 33 (25–42) ‡ 100 (91–100) 30 (22–39) 

!

FLAIR-DWI “cortex + deep gray nuclei” score 0.81 (0.74–0.88) † !41 100 (89–100) 37 (28–46) ‡ 100 (92–100) 31 (22–41) 

 

aDC denotes average Diffusion Coefficient; DWI, Diffusion Weighted Imaging; FA, Fractional Anisotropy; FLAIR, Fluid-Attenuated Inversion Recovery and NAA/Cr, N-acetyl aspartate over creatinine ratios. 

OHCA score calculation, FLAIR-DWI scoring system and EEG Synek classification are described in additional files 2, 3 and 4 of the Supplementary Appendix, respectively. 

† ROCAUC significantly different than the one of the Whole white matter FA (P<0.001).  

‡ Sensitivity significantly different than the one of the Whole white matter FA (P<0.001). 
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(95% confidence 

interval) 

Optimal  

Cutoff Specificity 

 

Sensitivity 

Predictive 

Positive 

Value 

Negative 

Predictive 

Value 

!
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Expressed in percent (95% confidence interval) 
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OHCA score calculation, FLAIR-DWI scoring system and EEG Synek classification are described in additional files 2, 3 and 4 of the Supplementary Appendix, respectively. 

† ROCAUC significantly different than the one of the Whole white matter FA (P<0.001).  

‡ Sensitivity significantly different than the one of the Whole white matter FA (P<0.001). 
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Table 3. Area Under the Receiver Operating Characteristic Curve (ROCAUC) Values and Cutoff Values with at least 100% Specificity 

Predicting Poor Outcome after Cardiac Arrest.* 

!

 

ROCAUC 

(95% confidence 

interval) 

Optimal  

Cutoff Specificity 

 

Sensitivity 

Predictive 

Positive 

Value 

Negative 

Predictive 

Value 

!

Variables 

  

Expressed in percent (95% confidence interval) 

 

aDC denotes average Diffusion Coefficient; DWI, Diffusion Weighted Imaging; FA, Fractional Anisotropy; FLAIR, Fluid-Attenuated Inversion Recovery and NAA/Cr, N-acetyl aspartate over creatinine ratios. 

OHCA score calculation, FLAIR-DWI scoring system and EEG Synek classification are described in additional files 2, 3 and 4 of the Supplementary Appendix, respectively. 

† ROCAUC significantly different than the one of the Whole white matter FA (P<0.001).  

‡ Sensitivity significantly different than the one of the Whole white matter FA (P<0.001). 

Table 3. Area Under the Receiver Operating Characteristic Curve (ROCAUC) Values and Cutoff Values with at least 100% Specificity 

Predicting Poor Outcome after Cardiac Arrest.* 

!

FLAIR-DWI “cortex + deep gray nuclei” score 0.81 (0.74–0.88) † !41 100 (89–100) 37 (28–46) ‡ 100 (92–100) 31 (22–41) 

Quantitative MRI variables 

 

     

!

Whole white matter FA 0.95 (0.91–0.98) <91% 100 (89–100) 89 (82–94) 100 (96–100) 72 (57–84) 

!

Whole brain FA 0.92 (0.88–0.96) <91% 100 (89–100) 80 (72–87) 100 (96–100) 59 (45–72) 

!

NAA/Cr Thalami 0.85 (0.77–0.93) † <0.9 100 (87–100) 30 (21–40) ‡ 100 (88–100) 29 (20–39) 

!

NAA/Cr Pons 0.78 (0.68–0.87) † <1.6 100 (85–100) 29 (20–39) ‡ 100 (88–100) 24 (16–35) 

 

aDC denotes average Diffusion Coefficient; DWI, Diffusion Weighted Imaging; FA, Fractional Anisotropy; FLAIR, Fluid-Attenuated Inversion Recovery and NAA/Cr, N-acetyl aspartate over creatinine ratios. 

OHCA score calculation, FLAIR-DWI scoring system and EEG Synek classification are described in additional files 2, 3 and 4 of the Supplementary Appendix, respectively. 

† ROCAUC significantly different than the one of the Whole white matter FA (P<0.001).  

‡ Sensitivity significantly different than the one of the Whole white matter FA (P<0.001). 
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Table S5. Prognostic Values of Significant Variables of the Patients Without a Limitation or Withdrawal of Care Decision*  

 

 

ROCAUC 

(95% Confidence 

Interval) 

Optimal 

cutoff Specificity Sensitivity 

Predictive 

Positive 

Value 

Negative 

Predictive 

Value 

 

Variables 

  

Expressed in percent (95% Confidence Interval) 

Clinical, biological and electroencephalography (EEG) variables 

      

 

OHCA score 0.57 (0.41–0.74)† !58 100 (87–100) 8 (1–27)‡ 100 (16–100) 54 (39–69) 

 

EEG Synek classification 0.76 (0.65–0.87)† !5 100 (85–100) 4 (1–15)‡ 100 (16–100) 33 (22–46) 

Qualitative Magnetic Resonance Imaging (MRI) variables 

      

 

FLAIR-DWI overall score 0.81 (0.72–0.90)† !42 100 (89–100) 38 (25–53)‡ 100 (82–100) 50 (37–63) 

 

FLAIR-DWI cortex score 0.73 (0.62–0.84)† !30 100 (89–100) 34 (21–49)‡ 100 (80–100) 48 (36–61) 

 

FLAIR-DWI cortex + deep gray nuclei score 0.78 (0.68–0.88)† !42 100 (89–100) 34 (21–49)‡ 100 (80–100) 48 (36–61) 

Quantitative MRI variables 

      

 

Whole white matter FA 0.96 (0.92–1.00) <91% 100 (89–100) 88 (76–96) 100 (92–100) 84 (68–94) 

 

Whole brain FA 0.94 (0.88–0.99) <91% 100 (89–100) 78 (65–89) 100 (91–100) 74 (58–86) 

 

NAA/Cr Thalami 0.85 (0.75–0.94)† <0.9 100 (86–100) 32 (18–50)‡ 100 (74–100) 50 (36–64) 

 

NAA/Cr Pons 0.77 (0.64–0.89)† <1.6 100 (83–100) 23 (11–39)‡ 100 (66–100) 40 (26–55) 

Combination of (Multivariate models) 

      

 

Standard criteria– OHCA score – EEG Synek classification 0.84 (0.74–0.94)† - 100 (85–100) 4 (1–15)‡ 100 (16–100) 33 (22–46) 

 

Standard criteria – OHCA score – EEG Synek classification – qualitative MRI 0.84 (0.75–0.93)† - 100 (85–100) 62 (47–76)‡ 100 (88–100) 56 (40–72) 

 

Standard criteria – OHCA score – EEG Synek classification – qualitative MRI – quantitative MRI 0.99 (0.98–1.00) - 100 (85–100) 93 (82–99) 100 (92–100) 88 (69–97) 

 

* ROCAUC denotes area under the receiver operating characteristic curve; DWI, Diffusion Weighted Imaging; FA, Fractional Anisotropy; FLAIR, Fluid-Attenuated Inversion Recovery and NAA/Cr, N-acetyl aspartate over 

creatinine ratios. OHCA score calculation, FLAIR-DWI scoring system and EEG Synek classification are described in additional files 2, 3 and 4 of the Supplementary Appendix, respectively. 

† ROCAUC significantly different than the one of the WWM-FA (P<0.05). 

‡ Sensitivity significantly different than the one of the WWM- FA (P<0.05).  

0.96 (0.92–1.00) <91% 100 (89–100) 88 (76–96) 100 (92–100) 84 (68–94)

0 94 (0 88–0 99) <91% 100 (89–100) 78 (65–89) 100 (91–100) 74 (58–86)

Table S5. Prognostic Values of Significant Variables of the Patients Without a Limitation or Withdrawal of Care Decisionecision**
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ABSTRACT  

BACKGROUND !

Prediction of neurologic outcome after cardiac arrest (CA) is a major challenge. The aim of this study 

was to examine whether quantitative whole brain white matter fractional anisotropy (WWM-FA) 

measured by diffusion tensor imaging (DTI) between day 7 and day 28 can predict clinical outcome 

of such patients.!

METHODS!

A prospective, multicenter study was conducted in 14 centers in France, Italy, and Belgium. Patients 

aged 18 to 75 years were eligible if they remained unconscious 7 days after CA. WWM-FA values 

were compared to standard criteria for poor outcome, conventional magnetic resonance imaging 

(MRI) sequences (fluid-attenuated inversion recovery (FLAIR) and diffusion-weighted imaging 

(DWI), and proton magnetic resonance spectroscopy (1H-MRS). Primary outcome measure was the 

best achieved Cerebral Performance Category (CPC) at 6 months, with good and poor outcome 

defined as CPC 1–2 and CPC 3–5, respectively.!

RESULTS!

In total, 185 patients were enrolled and 150 had an interpretable multimodal MRI. Thirty-three 

patients (22%) had a good neurologic outcome. Prognostic accuracy, as quantified by the area under 

the receiver operating characteristic curve (ROCAUC), was significantly higher with the normalized 

WWM-FA value (ROCAUC 0.95; 95% confidence interval (CI) 0.91 to 0.98) than with the standard 

criteria for poor outcome or other MRI sequences. The probability of good outcome with a WWM-FA 

value of #95% was 95% (95% CI 87 to 100).!

CONCLUSIONS!

In unconscious survivors 7 days after cardiac arrest, WWM-FA value measured by DTI can 

accurately predict neurologic outcome at six months.  

!  

WWM-FA value (ROCAUC 0.95; 95% confidence interval (CI) 0.91 to 0.98) than with the standard 

criteria for poor outcome or other MRI sequences. The probability of good outcome with a WWM-FA 

value of #95% was 95% (95% CI 87 to 100).
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tiers postérieurs du pont et utilisant la méthode PRESS (Point Resolved Spectroscopy Select). 

Un temps d’écho long (entre 130 et 150 ms) était utilisé. 

Après acquisition les images étaient traitées avec le logiciel Functool, Version 2.33, 

(GE Medical Systems, Milwaukee, WI, USA). La qualité des spectres était alors vérifiée 

(suppression du signal de l’eau, phasage, spectre de contamination lipidique) par le 

neuroradiologue puis si besoin on procédait à une correction de la phase manuelle en cas de 

déphasage trop important du pic de NAA!(58). De même, on vérifiait pour chaque spectre que 

le SNR (Spectre Noise Ratio) était inférieur à 3. Enfin, la qualité de la résolution spectrale 

était validée si la partie commune des pics de choline et de créatine n’excédait pas 50% de 

l’intensité du plus petit des deux pics (59). 

Les rapports NAA/Cr et NAA/Cho dans chaque région d’intérêt étaient calculés 

automatiquement par le logiciel si la qualité du spectre était jugée satisfaisante. Dans le cas 

contraire, ils étaient calculés manuellement à l’aide du logiciel Image J disponible sur internet 

(http://imagej.nih.gov/ij/). Les résultats obtenus étaient ensuite comparés à ceux de 22 

volontaires sains. 

Figure 4 : Repérage des différentes zones d’intérêt en SRM. A gauche, séquence T1 en 
coupe axiale passant par les noyaux gris centraux. 1) insula, 2) noyaux lenticulaires, 3) 
thalami, 4) substance blanche péri-ventriculaire. A droite : représentation du voxel 
utilisé pour la séquence mono-voxel au niveau du pont. 
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Fig. 4. Chemical shift imaging (CSI). Position of regions of interest: insula (1), lenticular nucleus (2), thalamus (3), and 
periventricular white matter (4). 

Prediction of outcome with MRI

Although clinical examination and conventional 
imaging techniques provide useful information for 
TBI patient screening and acute care, none of 
them accurately predicts individual patient out-
come. Developing a reliable MRI outcome-
prediction tool is a major challenge for all 
physicians in charge of comatose patients. It 
would provide an objective basis for deciding to 
go on with prolonged aggressive care or to 
remove life-supporting therapy as well as for 
informing families and planning rehabilitation. 

Conventional MRI

There is some evidence that MRI may have 
potential in terms of predicting outcome accord-
ing to several studies performed with conven-
tional MRI. Firsching and colleagues (1998) 

performed a prospective MRI study in 61 con-
secutive patients within 7 days after their injury. 
They found bilateral pontine lesions to be 100% 
fatal, whereas unilateral brainstem lesions were 
responsible of similar mortality rate as in patients 
with no brainstem injury and conclude that early 
MRI after head injury had a higher predictive 
value than CT scanning. Other studies have 
showed that MRI scans performed at acute and 
subacute phase after head injury provide several 
indicators for unfavorable outcome when there 
are lesions within the corpus callosum and 
dorsolateral brainstem (Kampfl et al.,1998), 
basal ganglia, hippocampus, midbrain, and pons 
(Wedekind et al., 1999). Presence of hemorrhage 
in DAI-type lesions and the association with 
traumatic space-occupying lesions was indicative 
of poor prognostic sign. Isolated non-hemorrhagic 
DAI-type lesions were not associated with poor 
clinical outcome (Paterakis et al., 2000). Hoelper 

222 

Fig. 3. Monovoxel spectroscopic (SVS) of the pons in a TBI patient. a: Location of the voxel on the sagittal T1-weighted acquisition. 
b: Decreased NAA spectrum (NAA/Cr ¼ 0.90 and NAA/Cho+Cr+NAA ¼ 0.29). 

Comatose patients assessment

The timing of an optimal MRI assessment in 
comatose patients remains controversial (Table 1). 
An acute exploration may take into account 
reversible lesions such as edema or miss secondary 
lesions due to intracranial hypertension or sys-
temic disorders. On the contrary, an examination 
performed late after the injury may only detect 
sequels such as global aspecific atrophy and has no 
impact on the initial medical management and on 
altered state of consciousness status prediction. 
With regard to time since TBI or stroke, MRS and 
DTI findings vary greatly and studies are hetero-
geneous as illustrated by last studies performed 
with MRS sequences. Four phases may be 
distinguished: an acute phase, which lasts 24 h 
after TBI; an early subacute phase, from the day 1 
to 13; a late subacute phase, from days 14 to 20; 
and a chronic phase, which starts on day 21 (Weiss 
et al., 2007). Among these MRS studies, two 
included patients at the acute phase (Marino et al., 

2007; Ross et al., 1998), two from the early 
subacute phase to the first month (Carpentier 
et al., 2006; Garnett et al., 2000), one at the late 
subacute phase up to 11 months (Choe et al., 
1995), and four at the chronic phase from 3 weeks 
to 8 months after TBI (Friedman et al., 1999; Ricci 
et al., 1997; Sinson et al., 2001; Uzan et al., 2003). 
In a retrospective study using DTI, comatose 
patients were excluded if the time delay between 
trauma and MRI exceeded 7 days to avoid the 
various changes in anisotropic diffusion related to 
secondary tissue injury (Huisman et al., 2004). An 
early examination with precise quantification of 
the extent and degree of brain injury is essential 
for treatment decisions (i.e., to determine out-
come, cognitive and behavioral deficits), and 
becomes a criterion of good practice in manage-
ment of these patients. The late subacute phase 
seems to be the best moment to assess comatose 
patients taking into account the physiopathology 
and all issues (medical, ethical, legal, social) raised 
by the management of these patients. 
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Fig. 4. Chemical shift imaging (CSI). Position of regions of interest: insula (1), lenticular nucleus (2), thalamus (3), and 
periventricular white matter (4). 
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An acute exploration may take into account 
reversible lesions such as edema or miss secondary 
lesions due to intracranial hypertension or sys-
temic disorders. On the contrary, an examination 
performed late after the injury may only detect 
sequels such as global aspecific atrophy and has no 
impact on the initial medical management and on 
altered state of consciousness status prediction. 
With regard to time since TBI or stroke, MRS and 
DTI findings vary greatly and studies are hetero-
geneous as illustrated by last studies performed 
with MRS sequences. Four phases may be 
distinguished: an acute phase, which lasts 24 h 
after TBI; an early subacute phase, from the day 1 
to 13; a late subacute phase, from days 14 to 20; 
and a chronic phase, which starts on day 21 (Weiss 
et al., 2007). Among these MRS studies, two 
included patients at the acute phase (Marino et al., 

2007; Ross et al., 1998), two from the early 
subacute phase to the first month (Carpentier 
et al., 2006; Garnett et al., 2000), one at the late 
subacute phase up to 11 months (Choe et al., 
1995), and four at the chronic phase from 3 weeks 
to 8 months after TBI (Friedman et al., 1999; Ricci 
et al., 1997; Sinson et al., 2001; Uzan et al., 2003). 
In a retrospective study using DTI, comatose 
patients were excluded if the time delay between 
trauma and MRI exceeded 7 days to avoid the 
various changes in anisotropic diffusion related to 
secondary tissue injury (Huisman et al., 2004). An 
early examination with precise quantification of 
the extent and degree of brain injury is essential 
for treatment decisions (i.e., to determine out-
come, cognitive and behavioral deficits), and 
becomes a criterion of good practice in manage-
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entre les volontaires sains et le groupe CPC 3-5 avec une baisse de 23%, 27% et 31% aux 

niveaux respectivement du pont, des NL et des thalami. En revanche, on ne retrouvait pas de 

différence significative entre le groupe CPC 1-2 et les volontaires sains. (figure 13) 

 

 
Figure 13 : Représentation sous forme d’histogramme des valeurs moyennes des rapports 
NAA/Cr dans les noyaux lenticulaires, les thalami et le pont dans les groupes CPC 1-2 (Vert) 
et CPC 3-5 (Rouge) et chez les volontaires sains (bleu). Les barres verticales représentent les 
écarts-types respectifs. Il existe une différence significative dans les 3 régions étudiées entre 
les groupes CPC 3-5 et les volontaires sains et entre le groupe CPC 3-5 et le groupe CPC 1-2 
(p<0,05). 
 
 
5.3.4 Prédiction du devenir neurologique par la spectroscopie  

Les aire sous la courbe ROC des rapports NAA/Cr étaient respectivement de 0,93 (IC 

95% : 0,80 - 0,99) au niveau du pont, de 0,87 (IC 95% : 0,72 - 0,96) au niveau des thalami et 

de 0,79 (IC 95% : 0,61 - 0,92) au niveau des noyaux lenticulaires. Il n’existait pas de 

différence significative entre les différentes régions d’intérêt lorsque l’on comparait les aires 

sous la courbe respectives. (figure 14) 
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5.2.2 La substance grise 

L’ADC global de la substance grise était de 1,08±0,04 dans le groupe CPC 1-2 et de 

1,05±0,14 dans le groupe CPC 3-5 (p=0,1).  

L’étude des variations régionales d’ADC ne montrait pas de différence significative 

entre les groupes CPC 1-2 et CPC 3-5. (figure 8) 

 

 
Figure 8 : Variations régionales des valeurs moyennes d’ADC dans les 9 régions 
d’intérêts de la substance grise pour les 2 groupes. Les résultats sont exprimés en 
pourcentage des valeurs des contrôles. Les barres verticales représentent les écarts-types 
respectifs dans chaque région d’intérêt. L’ADC moyen des patients au devenir favorable 
(CPC 1-2) n’est significativement pas différent de celui des patients au devenir 
défavorable (CPC 3-5) dans aucune des 9 régions d’intérêt (p>0,05). 
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Figure 5 : Représentation des différents réseaux d’intérêts utilisés en IRM fonctionnelle selon 
un code couleur.  

DMN : Default-Mode Network
ASA : Anterior Salience Network
PSA : Posterior Salience Network
VSP : Visuo-Spatial Network
MOT : Motor Network
AUD : Auditory Network
VIS : Visual Network
LAN : Language Network
Total : Total Integration
FCR : Functional Clustering Ratio (SWS/SBS)
SWS : Score Within-System
SBS : Score Between-System

!
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4.2.3 IRM fonctionnelle 

Les données d’IRMf ont été acquises avec des séquences de type T2* echo-planar. Les 

paramètres suivants étaient utilisés : TR 2500-3500 ms ; TE 30 ms, épaisseur de coupe 3-5 

mm. Les voxels mesuraient 2,5x2,5 mm.  
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Figure 15 : Représentation graphique des mesures d’intégrations dans les 8 réseaux 
d’intérêts. Les barres verticales correspondent aux écart-types. P<0,05 pour DMN, ASA, 
PSA, VSP et MOT. 
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5.4.3 Prédiction du devenir neurologique par l’IRMf 

Les aires sous la courbe ROC pour prédire un score CPC 3-5, obtenues par les 

mesures d’intégration des différents réseaux, étaient respectivement de 0,79 (IC 95% : 0,63 – 

0,91) pour le réseau de l’attention visio-spatiale ; de 0,76 (IC 95% : 0,60 – 0,88) pour le 

réseau postérieur de la salience ; de 0,76 (IC 95% : 0,59 – 0,88) pour le réseau antérieur de la 

salience ; de 0,74 (IC 95% : 0,57 – 0,86) pour le réseau moteur et de 0,70 (IC 95% : 0,53 – 

0,83) pour le réseau par défaut. Il n’existait pas de différence significative entre l’aire sous les 

différentes courbes (p>0,05). (figure 17) 

 

 

 
Figure 17 : Représentation des courbes ROC pour prédire le devenir neurologique 
défavorable dans les 5 réseaux dans lesquels une différence significative était 
obtenue au test t de student. 
 
 



!"#$%&'(%)*+',$Y$+3)X2, 
JS!"#$G)34()33,'',$c$'+$A2(5$

!
!

5.4.3 Prédiction du devenir neurologique par l’IRMf 

Les aires sous la courbe ROC pour prédire un score CPC 3-5, obtenues par les 

mesures d’intégration des différents réseaux, étaient respectivement de 0,79 (IC 95% : 0,63 – 

0,91) pour le réseau de l’attention visio-spatiale ; de 0,76 (IC 95% : 0,60 – 0,88) pour le 

réseau postérieur de la salience ; de 0,76 (IC 95% : 0,59 – 0,88) pour le réseau antérieur de la 

salience ; de 0,74 (IC 95% : 0,57 – 0,86) pour le réseau moteur et de 0,70 (IC 95% : 0,53 – 

0,83) pour le réseau par défaut. Il n’existait pas de différence significative entre l’aire sous les 

différentes courbes (p>0,05). (figure 17) 

 

 

 
Figure 17 : Représentation des courbes ROC pour prédire le devenir neurologique 
défavorable dans les 5 réseaux dans lesquels une différence significative était 
obtenue au test t de student. 
 
 

23>51.+()3$*+30$',$[CA$d$9b:$hRfr$U!:$rtmd$hRos$u$hRrLV$



!"#$%&'(%)*+',$Y$+3)X2, 



!"#$%&'(%)*+',$Y$+3)X2, 

n engl j med 362;7 nejm.org february 18, 2010 579

The new england  
journal of medicine
established in 1812 february 18, 2010 vol. 362 no. 7

Willful Modulation of Brain Activity in Disorders  
of Consciousness

Martin M. Monti, Ph.D., Audrey Vanhaudenhuyse, M.Sc., Martin R. Coleman, Ph.D., Melanie Boly, M.D.,  
John D. Pickard, F.R.C.S., F.Med.Sci., Luaba Tshibanda, M.D., Adrian M. Owen, Ph.D., and Steven Laureys, M.D., Ph.D.

A BS TR AC T

From the Medical Research Council Cog-
nition and Brain Sciences Unit (M.M.M., 
A.M.O.), the Impaired Consciousness 
Study Group, Wolfson Brain Imaging 
Centre, University of Cambridge (M.R.C.), 
and the Division of Academic Neurosur-
gery, Addenbrookeí s Hospital ( J.D.P.) ó  
all in Cambridge, United Kingdom; and 
the Coma Science Group, Cyclotron Re-
search Center, University of Liege (A.V., 
M.B., S.L.), and the Departments of Neu-
rology (S.L., M.B.) and Neuroradiology 
(L.T.), University Hospital of Liege, Liege; 
and Fonds de la Recherche Scientifique, 
Brussels (A.V., S.L., M.B.) ó  all in Bel-
gium. Address reprint requests to Dr. 
Owen at the Medical Research Council 
Cognition and Brain Sciences Unit, 15 
Chaucer Rd., Cambridge CB2 7EF, United 
Kingdom, or at adrian.owen@mrc-cbu.
cam.ac.uk.

Dr. Monti and Ms. Vanhaudenhuyse con-
tributed equally to this article.

This article (10.1056/NEJMoa0905370) 
was published on February 3, 2010, at 
NEJM.org.

N Engl J Med 2010;362:579-89.
Copyright © 2010 Massachusetts Medical Society.

Background
The differential diagnosis of disorders of consciousness is challenging. The rate of 
misdiagnosis is approximately 40%, and new methods are required to complement 
bedside testing, particularly if the patient' s capacity to show behavioral signs of 
awareness is diminished.

Methods
At two major referral centers in Cambridge, United Kingdom, and Liege, Belgium, 
we performed a study involving 54 patients with disorders of consciousness. We used 
functional magnetic resonance imaging (MRI) to assess each patient' s ability to 
generate willful, neuroanatomically specific, blood-oxygenation-levelñ dependent 
responses during two established mental-imagery tasks. A technique was then de-
veloped to determine whether such tasks could be used to communicate yes-or-no 
answers to simple questions.

Results
Of the 54 patients enrolled in the study, 5 were able to willfully modulate their 
brain activity. In three of these patients, additional bedside testing revealed some 
sign of awareness, but in the other two patients, no voluntary behavior could be 
detected by means of clinical assessment. One patient was able to use our technique 
to answer yes or no to questions during functional MRI; however, it remained im-
possible to establish any form of communication at the bedside.

Conclusions
These results show that a small proportion of patients in a vegetative or minimally 
conscious state have brain activation reflecting some awareness and cognition. 
Careful clinical examination will result in reclassification of the state of conscious-
ness in some of these patients. This technique may be useful in establishing basic 
communication with patients who appear to be unresponsive.
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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Table 1. Characteristics of the Patients.*

Patient 
No. Location Age Sex

Diagnosis  
on Admission

Cause  
of Disorder

Interval  
since Ictus

Response on  
Motor Imagery  

Task

Response on  
Spatial Imagery 

Task

yr mo

1 Cambridge 58 Male VS TBI 6.0 No No

2 Cambridge 43 Female VS Anoxic brain injury 50.0 No No

3 Cambridge 41 Female VS TBI 10.0 No NA

4 Cambridge 23 Female VS TBI 6.0 Yes Yes

5 Cambridge 42 Male VS Anoxic brain injury 8.0 No No

6 Cambridge 46 Male VS TBI 2.0 Yes No

7 Cambridge 52 Female VS Anoxic brain injury, 
encephalitis

8.0 No NA

8 Cambridge 23 Male VS TBI 19.0 No No

9 Cambridge 48 Female VS Anoxic brain injury 18.0 No No

10 Cambridge 34 Male VS TBI 13.0 No No

11 Cambridge 35 Male VS Anoxic brain injury 10.0  No No

12 Cambridge 29 Male VS TBI 11.0 No No

13 Cambridge 67 Male VS TBI 14.0 No No

14 Cambridge 21 Male VS TBI 6.0 No No

15 Cambridge 49 Male VS TBI 3.0 No NA

16 Cambridge 56 Female VS Anoxic brain injury 9.0 No No

17 Liege 87 Male VS CVA <1.0 No No

18 Liege 62 Male VS CVA 1.0 No No

19 Liege 15 Male VS Anoxic brain injury, 
TBI

20.5 No No

20 Liege 70 Female VS Meningitis 2.5 No No

21 Liege 47 Male VS Anoxic brain injury 18.8 No No

22 Liege 22 Female VS TBI 30.2 Yes Yes

23Ü Liege 22 Male VS TBI 60.8 Yes Yes

24 Cambridge 23 Male MCS TBI 11.0 No No

25 Cambridge 38 Female MCS TBI 3.0 No NA

26 Cambridge 18 Male MCS TBI 8.0 No No

27 Cambridge 26 Male MCS TBI 11.0 No NA

28 Cambridge 64 Male MCS TBI 6.0 No No

29 Cambridge 54 Female MCS Brain-stem stroke 5.0 No No

30 Cambridge 29 Female MCS TBI 2.0 No NA

31 Cambridge 19 Female MCS TBI 1.0 No No

32 Cambridge 34 Male MCS TBI 52.0 No NA

33 Cambridge 17 Male MCS TBI 7.0 No NA

34 Cambridge 56 Male MCS Anoxic brain injury 6.0 No No

35 Cambridge 21 Male MCS TBI 51.0 No No

36 Cambridge 53 Female MCS Anoxic brain injury 13.0 No No

37 Cambridge 36 Male MCS TBI 30.0 No NA

38 Cambridge 25 Male MCS TBI 8.0 No No
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Background
The differential diagnosis of disorders of consciousness is challenging. The rate of 
misdiagnosis is approximately 40%, and new methods are required to complement 
bedside testing, particularly if the patient' s capacity to show behavioral signs of 
awareness is diminished.

Methods
At two major referral centers in Cambridge, United Kingdom, and Liege, Belgium, 
we performed a study involving 54 patients with disorders of consciousness. We used 
functional magnetic resonance imaging (MRI) to assess each patient' s ability to 
generate willful, neuroanatomically specific, blood-oxygenation-levelñ dependent 
responses during two established mental-imagery tasks. A technique was then de-
veloped to determine whether such tasks could be used to communicate yes-or-no 
answers to simple questions.

Results
Of the 54 patients enrolled in the study, 5 were able to willfully modulate their 
brain activity. In three of these patients, additional bedside testing revealed some 
sign of awareness, but in the other two patients, no voluntary behavior could be 
detected by means of clinical assessment. One patient was able to use our technique 
to answer yes or no to questions during functional MRI; however, it remained im-
possible to establish any form of communication at the bedside.

Conclusions
These results show that a small proportion of patients in a vegetative or minimally 
conscious state have brain activation reflecting some awareness and cognition. 
Careful clinical examination will result in reclassification of the state of conscious-
ness in some of these patients. This technique may be useful in establishing basic 
communication with patients who appear to be unresponsive.
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detected by means of clinical assessment. One patient was able to use our technique 
to answer yes or no to questions during functional MRI; however, it remained im-
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Table 1. Characteristics of the Patients.*

Patient 
No. Location Age Sex

Diagnosis  
on Admission

Cause  
of Disorder

Interval  
since Ictus

Response on  
Motor Imagery  

Task

Response on  
Spatial Imagery 

Task

yr mo

1 Cambridge 58 Male VS TBI 6.0 No No

2 Cambridge 43 Female VS Anoxic brain injury 50.0 No No

3 Cambridge 41 Female VS TBI 10.0 No NA

4 Cambridge 23 Female VS TBI 6.0 Yes Yes

5 Cambridge 42 Male VS Anoxic brain injury 8.0 No No

6 Cambridge 46 Male VS TBI 2.0 Yes No

7 Cambridge 52 Female VS Anoxic brain injury, 
encephalitis

8.0 No NA

8 Cambridge 23 Male VS TBI 19.0 No No

9 Cambridge 48 Female VS Anoxic brain injury 18.0 No No

10 Cambridge 34 Male VS TBI 13.0 No No

11 Cambridge 35 Male VS Anoxic brain injury 10.0  No No

12 Cambridge 29 Male VS TBI 11.0 No No

13 Cambridge 67 Male VS TBI 14.0 No No

14 Cambridge 21 Male VS TBI 6.0 No No

15 Cambridge 49 Male VS TBI 3.0 No NA

16 Cambridge 56 Female VS Anoxic brain injury 9.0 No No

17 Liege 87 Male VS CVA <1.0 No No

18 Liege 62 Male VS CVA 1.0 No No

19 Liege 15 Male VS Anoxic brain injury, 
TBI

20.5 No No

20 Liege 70 Female VS Meningitis 2.5 No No

21 Liege 47 Male VS Anoxic brain injury 18.8 No No

22 Liege 22 Female VS TBI 30.2 Yes Yes

23Ü Liege 22 Male VS TBI 60.8 Yes Yes

24 Cambridge 23 Male MCS TBI 11.0 No No

25 Cambridge 38 Female MCS TBI 3.0 No NA

26 Cambridge 18 Male MCS TBI 8.0 No No

27 Cambridge 26 Male MCS TBI 11.0 No NA

28 Cambridge 64 Male MCS TBI 6.0 No No

29 Cambridge 54 Female MCS Brain-stem stroke 5.0 No No

30 Cambridge 29 Female MCS TBI 2.0 No NA

31 Cambridge 19 Female MCS TBI 1.0 No No

32 Cambridge 34 Male MCS TBI 52.0 No NA

33 Cambridge 17 Male MCS TBI 7.0 No NA

34 Cambridge 56 Male MCS Anoxic brain injury 6.0 No No

35 Cambridge 21 Male MCS TBI 51.0 No No

36 Cambridge 53 Female MCS Anoxic brain injury 13.0 No No

37 Cambridge 36 Male MCS TBI 30.0 No NA

38 Cambridge 25 Male MCS TBI 8.0 No No
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yr mo
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9 Cambridge 48 Female VS Anoxic brain injury 18.0 No No
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15 Cambridge 49 Male VS TBI 3.0 No NA
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19 Liege 15 Male VS Anoxic brain injury, 
TBI
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20 Liege 70 Female VS Meningitis 2.5 No No

21 Liege 47 Male VS Anoxic brain injury 18.8 No No

22 Liege 22 Female VS TBI 30.2 Yes Yes

23Ü Liege 22 Male VS TBI 60.8 Yes Yes

24 Cambridge 23 Male MCS TBI 11.0 No No

25 Cambridge 38 Female MCS TBI 3.0 No NA

26 Cambridge 18 Male MCS TBI 8.0 No No

27 Cambridge 26 Male MCS TBI 11.0 No NA

28 Cambridge 64 Male MCS TBI 6.0 No No

29 Cambridge 54 Female MCS Brain-stem stroke 5.0 No No

30 Cambridge 29 Female MCS TBI 2.0 No NA

31 Cambridge 19 Female MCS TBI 1.0 No No

32 Cambridge 34 Male MCS TBI 52.0 No NA

33 Cambridge 17 Male MCS TBI 7.0 No NA

34 Cambridge 56 Male MCS Anoxic brain injury 6.0 No No

35 Cambridge 21 Male MCS TBI 51.0 No No

36 Cambridge 53 Female MCS Anoxic brain injury 13.0 No No

37 Cambridge 36 Male MCS TBI 30.0 No NA

38 Cambridge 25 Male MCS TBI 8.0 No No
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Background
The differential diagnosis of disorders of consciousness is challenging. The rate of 
misdiagnosis is approximately 40%, and new methods are required to complement 
bedside testing, particularly if the patient' s capacity to show behavioral signs of 
awareness is diminished.

Methods
At two major referral centers in Cambridge, United Kingdom, and Liege, Belgium, 
we performed a study involving 54 patients with disorders of consciousness. We used 
functional magnetic resonance imaging (MRI) to assess each patient' s ability to 
generate willful, neuroanatomically specific, blood-oxygenation-levelñ dependent 
responses during two established mental-imagery tasks. A technique was then de-
veloped to determine whether such tasks could be used to communicate yes-or-no 
answers to simple questions.

Results
Of the 54 patients enrolled in the study, 5 were able to willfully modulate their 
brain activity. In three of these patients, additional bedside testing revealed some 
sign of awareness, but in the other two patients, no voluntary behavior could be 
detected by means of clinical assessment. One patient was able to use our technique 
to answer yes or no to questions during functional MRI; however, it remained im-
possible to establish any form of communication at the bedside.

Conclusions
These results show that a small proportion of patients in a vegetative or minimally 
conscious state have brain activation reflecting some awareness and cognition. 
Careful clinical examination will result in reclassification of the state of conscious-
ness in some of these patients. This technique may be useful in establishing basic 
communication with patients who appear to be unresponsive.
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Results
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brain activity. In three of these patients, additional bedside testing revealed some 
sign of awareness, but in the other two patients, no voluntary behavior could be 
detected by means of clinical assessment. One patient was able to use our technique 
to answer yes or no to questions during functional MRI; however, it remained im-
possible to establish any form of communication at the bedside.

Conclusions
These results show that a small proportion of patients in a vegetative or minimally 
conscious state have brain activation reflecting some awareness and cognition. 
Careful clinical examination will result in reclassification of the state of conscious-
ness in some of these patients. This technique may be useful in establishing basic 
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Table 1. Characteristics of the Patients.*

Patient 
No. Location Age Sex

Diagnosis  
on Admission

Cause  
of Disorder

Interval  
since Ictus

Response on  
Motor Imagery  

Task

Response on  
Spatial Imagery 

Task

yr mo

1 Cambridge 58 Male VS TBI 6.0 No No

2 Cambridge 43 Female VS Anoxic brain injury 50.0 No No

3 Cambridge 41 Female VS TBI 10.0 No NA

4 Cambridge 23 Female VS TBI 6.0 Yes Yes

5 Cambridge 42 Male VS Anoxic brain injury 8.0 No No

6 Cambridge 46 Male VS TBI 2.0 Yes No

7 Cambridge 52 Female VS Anoxic brain injury, 
encephalitis

8.0 No NA

8 Cambridge 23 Male VS TBI 19.0 No No

9 Cambridge 48 Female VS Anoxic brain injury 18.0 No No

10 Cambridge 34 Male VS TBI 13.0 No No

11 Cambridge 35 Male VS Anoxic brain injury 10.0  No No

12 Cambridge 29 Male VS TBI 11.0 No No

13 Cambridge 67 Male VS TBI 14.0 No No

14 Cambridge 21 Male VS TBI 6.0 No No

15 Cambridge 49 Male VS TBI 3.0 No NA

16 Cambridge 56 Female VS Anoxic brain injury 9.0 No No

17 Liege 87 Male VS CVA <1.0 No No

18 Liege 62 Male VS CVA 1.0 No No

19 Liege 15 Male VS Anoxic brain injury, 
TBI

20.5 No No

20 Liege 70 Female VS Meningitis 2.5 No No

21 Liege 47 Male VS Anoxic brain injury 18.8 No No

22 Liege 22 Female VS TBI 30.2 Yes Yes

23Ü Liege 22 Male VS TBI 60.8 Yes Yes

24 Cambridge 23 Male MCS TBI 11.0 No No

25 Cambridge 38 Female MCS TBI 3.0 No NA

26 Cambridge 18 Male MCS TBI 8.0 No No

27 Cambridge 26 Male MCS TBI 11.0 No NA

28 Cambridge 64 Male MCS TBI 6.0 No No

29 Cambridge 54 Female MCS Brain-stem stroke 5.0 No No

30 Cambridge 29 Female MCS TBI 2.0 No NA

31 Cambridge 19 Female MCS TBI 1.0 No No

32 Cambridge 34 Male MCS TBI 52.0 No NA

33 Cambridge 17 Male MCS TBI 7.0 No NA

34 Cambridge 56 Male MCS Anoxic brain injury 6.0 No No

35 Cambridge 21 Male MCS TBI 51.0 No No

36 Cambridge 53 Female MCS Anoxic brain injury 13.0 No No

37 Cambridge 36 Male MCS TBI 30.0 No NA

38 Cambridge 25 Male MCS TBI 8.0 No No
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32 Cambridge 34 Male MCS TBI 52.0 No NA
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ComaSoft REPORT - 13/01/15

DISCLAIMER
The conclusions obtained with the COMASOFT software is an help to the diagnosis and to the prognosis. They do not
substitute themselves for the clinical decisions of the clinicians which remain responsible for their diagnosis, for their
prognosis, for their prescriptions and for their clinical care in any circumstances. The conclusions supplied by the tool
through the COMASOFT report are it as a rough guide. They would not know how to exempt the user of combining all the
arguments necessary for his decision. They can be used on no account in a isolated way.
As a consequence, AP-HP, UPMC and Inserm can have on no account responsible for any direct or indirect damage resulting
from the use of the data, the information or the results stemming from this COMASOFT software. The user recognizes to
use this information under his only exclusive responsibility.

DECHARGE DE RESPONSABILITE
Les conclusions obtenues grace au systeme logiciel COMASOFT constituent une aide au diagnostic et au pronostic. Elles ne
se substituent pas aux decisions  cliniques des praticiens qui demeurent responsables de leur diagnostic, de leur pronostic,
de leurs prescriptions et de leur prise en charge en toutes circonstances. Les conclusions fournies par l outil a travers le
rapport COMASOFT le sont a titre indicatif. Elles ne sauraient dispenser l utilisateur de reunir tous les arguments necessaires
a sa decision. Elles ne peuvent en aucun cas etre utilisees de maniere isolee.
En consequence, l AP-HP, l UPMC et l Inserm ne pourront en aucun cas etre tenus responsables de tout dommage direct ou
indirect resultant de l utilisation des donnees, informations ou resultats issus de ce systeme logiciel COMASOFT. L utilisateur
reconnait utiliser ces informations sous sa seule responsabilite exclusive..

potel^cyril_20120629PATIENT REFERENCE :
ctrl_psl_3t_50d_84-5_84-9_85-1_85-3_maskTractsDTI CONTROLS GROUP :
TBI_mask20_GOS[1,3-]_GOS[3+,5]CLASSIFIER :
0.871UFO SCORE :
TBI_mask20_WM_FA_GOS[1,3-]_GOS[3+,5]CLASSIFIER :
0.389UFO SCORE :
TBI_maskTracts_DRS<5_DRS>=5CLASSIFIER :
0.905UFO SCORE :
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Fractional Anisotropy
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greater than 60 lg L-1 at 48–72 h were very rarely
associated with a false positive prediction. Ideally, every
laboratory hospital assessing NSE should create its own
normal values and cut-off levels based on the test kit used.
Care should be taken to avoid haemolysis when sampling
NSE.

Although the most robust predictors showed no
false positives in most studies, none of them singularly
predicts poor outcome with absolute certainty when the
relevant comprehensive evidence is considered.
Moreover, those predictors have often been used for
WLST decisions, with the risk of a self-fulfilling
prophecy. For this reason, we recommend that prog-
nostication should be multimodal whenever possible,
even in the presence of one of these predictors. Apart
from increasing safety, limited evidence [20, 21, 42,

82] also suggests that multimodal prognostication
increases sensitivity.

When prolonged sedation and/or paralysis is neces-
sary, for example because of the need to treat severe
respiratory insufficiency, we recommend postponing
prognostication until a reliable clinical examination can
be performed. Biomarkers, SSEP and imaging studies
may play a role in this context, since they are insensitive
to drug interference.

When dealing with an uncertain outcome, clinicians
should consider prolonged observation. Absence of clin-
ical improvement over time suggests a worse outcome.
Although awakening has been described as late as
25 days after arrest [54, 61, 123], most survivors will
recover consciousness within 1 week [93, 124–126]. In a
recent observational study [126], 94 % of patients awoke

Fig. 1 Suggested prognostication algorithm. The algorithm is
entered C72 h after ROSC if, after the exclusion of confounders
(particularly residual sedation), the patient remains unconscious
with a Glasgow Motor Score of 1 or 2. The absence of pupillary and
corneal reflexes, and/or bilaterally absent N20 SSEP wave,
indicates a poor outcome is very likely. If neither of the features

is present, wait at least 24 h before reassessing. At this stage, two or
more of the following indicate that a poor outcome is likely: status
myoclonus B48 h; high neuron-specific enolase values; unreactive
EEG with burst suppression or status epilepticus; diffuse anoxic
injury on brain CT and/or MRI. If none of these criteria are met
consider continue to observe and re-evaluate
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