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Neurological prognostication of outcome in patients in 
coma after cardiac arrest
Andrea O Rossetti, Alejandro A Rabinstein, Mauro Oddo

Management of coma after cardiac arrest has improved during the past decade, allowing an increasing proportion of 
patients to survive, thus prognostication has become an integral part of post-resuscitation care. Neurologists are 
increasingly confronted with raised expectations of next of kin and the necessity to provide early predictions of long-
term prognosis. During the past decade, as technology and clinical evidence have evolved, post-cardiac arrest 
prognostication has moved towards a multimodal paradigm combining clinical examination with additional methods, 
consisting of electrophysiology, blood biomarkers, and brain imaging, to optimise prognostic accuracy. Prognostication 
should never be based on a single indicator; although some variables have very low false positive rates for poor 
outcome, multimodal assessment provides resassurance about the reliability of a prognostic estimate by off ering 
concordant evidence. 

Introduction
Cardiac arrest is a major health problem,1 with a yearly 
incidence of about 50–110 per 100 000 people worldwide.2 
A number of factors have contributed to an overall 
increase in cardiac arrest survival and frequency of 
discharge with good neurological recovery and quality 
of life over the past decade. These factors include 
progress in advanced life support, access to emergent 
coronary angiography, implementation of targeted 
temperature management (TTM; induced mild 
hypothermia to 32°C or strict normothermia at 36°C for 
24 h),3 optimum support of cerebral and organ 
perfusion, and prevention of extracerebral systemic 
insults (eg, hyperglycaemia and infections).4–9 In line 
with this improvement, cardiac arrest has become a 
leading cause of coma and a frequent cause of admission 
to the intensive care unit. Clinicians involved in the care 
of adults in a coma after cardiac arrest are confronted 
with the increasingly optimistic expectations of next of 
kin and, in the early phase of intensive care management, 
neurologists are regularly requested to provide 
predictions of long-term outcome. 

Brain dysfunction after cardiac arrest, predominantly 
resulting from global ischaemia-reperfusion injury, is the 
main determinant of prognosis. However, additional 
factors can further alter brain function—for example, 
sedatives used during TTM and post-cardiac arrest organ 
dysfunction; these aspects might substantially delay 
recovery of cerebral function for up to 6 days,10 leaving 
caregivers and families with an unacceptably long period 
of uncertainty. In this scenario, despite neurological 
examination being the fi rst and most important step in the 
assessment of patients,11 a growing body of clinical 
evidence shows that the integration of additional methods, 
consisting of electrophysiological investigations, blood 
biomarkers of cerebral injury, and brain imaging, improves 
the accuracy of early (24–72 h) coma prognostication.

Neurological consultation and multimodal prognostic 
assessment has, nowadays, become an integral part of 
post-resuscitation patient management. In practice, a 
complete battery of tests is either not always necessary 

according to the clinical situation, or not available in 
every facility; although university medical centres might 
have optimal resources at their disposal, smaller or 
peripheral hospitals typically have to rely on fewer 
resources. In this Review, we critically appraise the 
scientifi c literature in this developing fi eld and evaluate 
each prognostic method, emphasising false-positive 
rates (FPRs) and positive predictive values of poor and 
favourable prognosis. Experts in coma prognositication 
defi ned outcome by cerebral performance categories 
(CPCs; CPC 1 back to baseline, CPC 2 moderate 
impairment, CPC 3 severe impairment, CPC 4 vegetative 
or comatose, CPC 5: dead).12 Here, for the general 
neurology audience, we refer to good (CPC 1 or 2) or 
poor (CPC 3-5) outcome. Of note, however, is that CPC 3 
is heterogeneous; depending on the time of assessment 
and the possible improvement of the patient, it may be 
related to a favourable outcome. We acknowledge the 
scarce evidence supporting the use of each prog-
nosticator and the inevitable limitation imposed by the 
possibility of confi rmatory bias, or the so-called self-
fulfi lling prophecy (ie, if a variable is, a priori, believed 
to be indicative of poor prognosis and leads to 
withdrawal of life-sustaining treatment, it will ultimately 
determine the outcome).13,14

Our purpose is to provide a general neurology audience 
with an updated, critical review of available methods for 
coma prognostication after cardiac arrest in adults, 
summarise their respective value and potential clinical 
use, and suggest a stepwise multimodal paradigm, 
paying specifi c attention to appropriate timings and 
combination of prognosticators. Finally, an outlook on 
promising emerging methods will be off ered.

Clinical examination
Neurological examination is an essential component of 
prognostication because it directly evaluates brain 
function. Assessment of brainstem refl exes, motor 
responses to pain, and myoclonus during the fi rst 72 h 
after arrest represented the standard test before the 
advent of TTM15 and retains its prognostic value in 
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evoked potentials, or both), should be carried out after 
return to normothermia and a suffi  cient time after 
discontinuation of sedation. The earliest time at which 
prognostication should occur is 48 h after cardiac arrest; 
nevertheless, repetition of clinical examination at 72 h is 
mandatory in those who do not show clear signs of 
awakening.18,87 These early tests orient prognostication 
in most patients; those already starting to awaken or, 
conversely, who have convergent signs of irreversible 
brain injury (absent pupillary and corneal refl exes, EEG 
with suppressed or burst suppression background and 
no reactivity, and absent early somatosensory evoked 
potentials) do not need additional tests. Biochemical 
markers or imaging are confi rmatory tests for poor 
prognosis, but not mandatory.

How to deal with uncertainty
Multimodal assessment is supported by a growing body 
of evidence and is strongly advocated whenever doubt 
persists because each single method when used alone 
carries risks of false prediction.18,87,35,36 Research has 
focused on the optimum combination of prognostic 
variables; EEG background reactivity or continuity, 
clinical assessment (particularly myoclonus and 
brainstem refl exes), and serum NSE concentrations 
seem to have the best predictive value to identify patients 
with a poor outcome.35–37 Unfortunately, so far, no 
combination of tests heralding good prognosis can be 
supported by suffi  cient high-quality evidence.

We propose a stepwise approach, summarised in 
fi gure 5. If, after the aforementioned investigations, the 
patient still remains comatose despite an absence of 
poor outcome predictors, intensive care should be 
continued while the two core prognostic methods 
(clinical examination and EEG) are periodically 
reassessed during subsequent days. At that point, the 
results of blood biomarker analysis should be available, 
but repeated assessment of biomarkers and sensory 
evoked potentials beyond 72 h after cardiac arrest does 
not seem to provide any additional useful information. 
Brain MRI can prove useful because it can reveal 
alterations suggestive of cerebral damage, the 
signifi cance of which needs to be interpreted within the 
clinical context. Panel 1 presents an illustrative example 
in which all aforementioned prognostic methods were 
used. Despite MRI alterations potentially portending to 
poor prognosis, no other robust sign of poor outcome 
was noted. In particular, the presence of repeated, 
continuous, reactive EEG supported the continuation of 
intensive care, and the patient awoke shortly thereafter; 
3 months after cardiac arrest, the patient showed 
moderate cognitive impairment.

Intensive care withdrawal
To minimise the risks of false pessimistic predictions, 
interruption of life-sustaining measures should be 
considered only when poor outcome is predicted by at 
least two methods with very low FPR for poor outcome—
ie, clinical examination plus electrophysiology—without 
any discordant information between tests. Although FPR 
estimates of the aforementioned methods can be less 
than 2%, confi dence intervals for EEG are wide, which 
reinforces the need for a multimodal approach. Panel 2 
illustrates how clinical examination and EEG 48 h after 
cardiac arrest orient towards a poor prognosis with high 
accuracy, even with preserved sensory evoked potentials. 
Indeed, in this case, intensive care was withdrawn and 
the patient died shortly thereafter.

Making a decision regarding withdrawal of life-
sustaining measures is an essential and challenging 
part of care. This decision should be reached through 
interdisciplinary consensus, including an intensivist 
and a neurologist or neurophysiologist, and with close 
involvement of the patient’s family, considering the 
patient’s known or written directives, and the patient’s 
biological and psychosocial backgrounds. The multi-
modal paradigm used should always be tailored to the 
individual situation. When supportive care is continued 
in patients without overt clinical interaction with the 
environment for several weeks or months, only a subset 
will show improved awareness beyond a year after 
cardiac arrest; virtually all of them will remain in a 
severe, dependent state and have poor quality of life.90 In 
the few instances in which prognosis cannot be 
established, detailed discussion with the next of kin 
should take place during the fi rst 2–3 weeks after cardiac 

Figure 5: Stepwise multimodal algorithm for outcome prognostication in adults in a coma after cardiac arrest
Step 1 includes mandatory investigations, whereas steps 2 and 3 include confi rmatory, optional tests. 
EEG=electroencephalogram. NSE=neuron-specifi c enolase. SSEP=somatosensory evoked potential. *Can be 
intermittent or continuous. For details, please see text. 
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Multi-Center Study of Diffusion-Weighted Imaging in Coma After
Cardiac Arrest
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Abstract
Background The ability to predict outcomes in acutely

comatose cardiac arrest survivors is limited. Brain diffu-

sion-weighted magnetic resonance imaging (DWI MRI)
has been shown in initial studies to be a simple and

effective prognostic tool. This study aimed to determine

the predictive value of previously defined DWI MRI
thresholds in a multi-center cohort.

Methods DWI MRIs of comatose post-cardiac arrest

patients were analyzed in this multi-center retrospective
observational study. Poor outcome was defined as failure to

regain consciousness within 14 days and/or death during

the hospitalization. The apparent diffusion coefficient
(ADC) value of each brain voxel was determined. ADC

thresholds and brain volumes below each threshold were
analyzed for their correlation with outcome.

Results 125 patients were included in the analysis. 33

patients (26 %) had a good outcome. An ADC value of less
than 650 9 10-6 mm2/s in C10 % of brain volume was

highly specific [91 % (95 % CI 75–98)] and had a good

sensitivity [72 % (95 % CI 61–80)] for predicting poor
outcome. This threshold remained an independent predictor

of poor outcome in multivariable analysis (p = 0.002). An

ADC value of less than 650 9 10-6 mm2/s in >22 % of
brain volume was needed to achieve 100 % specificity for

poor outcome.

Conclusions In patients who remain comatose after car-
diac arrest, quantitative DWI MRI findings correlate with

early recovery of consciousness. A DWI MRI threshold of

650 9 10-6 mm2/s in C10 % of brain volume can differ-
entiate patients with good versus poor outcome, though in

this patient population the threshold was not 100 %

specific for poor outcome.

C. A. Wijman—deceased.

M. Mlynash—provided primary statistical analysis.

Electronic supplementary material The online version of this
article (doi:10.1007/s12028-015-0179-9) contains supplementary
material, which is available to authorized users.

& K. G. Hirsch
kghirsch@yahoo.com

1 Stanford Stroke and Neurocritical Care Program, Department
of Neurology and Neurological Sciences, Stanford University
Medical Center, Stanford University School of Medicine,
Stanford, CA, USA

2 Stanford University Oncology Division, Department of
Medicine, Stanford University School of Medicine, Stanford,
CA, USA

3 Department of Neurology, Sutter Pacific Medical Foundation,
San Francisco, CA, USA

4 Mount Sinai Healthcare System, Departments of Neurology
and Neurosurgery, Icahn School of Medicine at Mount Sinai,
New York, NY, USA

5 Department of Neurology, Mayo Clinic Florida, Jacksonville,
FL, USA

6 Davee Department of Neurology, Feinberg School of
Medicine of Northwestern University, Northwestern
University, Chicago, IL, USA

7 Department of Radiology, Athinoula A Martinos Center,
Massachusetts General Hospital, Boston, MA, USA

8 Department of Neurology, Yale School of Medicine, Yale
University, New Haven, CT, USA

123

Neurocrit Care

DOI 10.1007/s12028-015-0179-9

acquisition SE EPI [23]. Typical protocol settings were:

128 9 128, 130 9 130, 192 9 192, or 256 9 256 matrix;
field of view 22 9 22, 23 9 23, 24 9 24, or 25 9 25 cm;

slice thickness/gap, 5/0, 5/1, or 5/1.5 mm; x-, y-, z-axes

averaged, or geometric mean of high gradient attenuation
factor value (b value) diffusion-weighted images; b = 0

and 1000 s/mm2; TR/TE 7000/73.2, 6000/76, 4300/98,

4000/94, 4400/110 ms. An investigator blind to the clinical
data processed MRI scans using Medical Image Process-

ing, Analysis and Visualization (MIPAV) program (Center
for Information Technology, NIH, Bethesda, MD). ADC

maps created locally were used for analysis; if they were

not available, we calculated ADC maps from DWI images
in core lab at Stanford. The ADC value of each voxel

within the brain was determined. The image calculator tool

of MIPAV was used with the formula

ADC ¼ " ln
Si
S0

! "#
b;

where Si and S0 are images obtained with and without
diffusion-sensitizing gradient pulses, and b is the b value

described above [24]. The brain was semi-automatically

outlined on the b0 images using a level set algorithm. The
percentage of outlined brain volume with voxels below

different ADC thresholds was calculated. To exclude arti-

facts and CSF, only voxels with ADC values below
2000 9 10-6 mm2/s were considered as brain and only

voxels with an ADC above 200 9 10-6 mm2/s were con-

sidered for the volumes below predefined diffusivity
thresholds. Quality control analysis was performed prior to

relating imaging results to clinical outcomes, and techni-

cally inadequate scans were excluded.

Data Collection, Analysis, and Outcome Assessment

Patient data were recorded using REDCap (Research

Electronic Data Capture) electronic data capture tools

hosted at Stanford University [25]. Patient demographics,
including age and gender, and clinical features of the car-

diac arrest, including the location of the arrest, cardiac

arrest rhythm, and whether therapeutic hypothermia was
administered, were recorded. Additional data collected

included serial neurological exams, neurophysiological

testing, and date and cause of death. The cause of death
was recorded and categorized as withdrawal of life support,

progression to brain death, untreatable cardiac disease, or

untreatable medical complications.

Definitions

Poor outcome was defined as failure to regain conscious-

ness, defined as following commands or nodding

appropriately to questions, within 14 days post-arrest and/

or death during the hospitalization. A good outcome was

considered regaining consciousness (i.e., consciousness
recovery—CR) and surviving the hospitalization. Patients

who had consciousness recovery were further sub-divided

into two groups based on their l recovery: consciousness
recovery with good function (CR-GF) or consciousness

recovery with impaired function (CR-IF) (Fig. 1). CR-GF

was defined as discharge to home. CR-IF was defined as
discharge to a skilled nursing facility, rehabilitation facil-

ity, or another hospital. Longer-term functional outcome
data were not available for all datasets.

Analyses

In order to validate an ADC of <650 9 10-6 mm2/s in

C10 % of brain as a predictor for poor outcome, our pri-
mary analysis determined the sensitivity, specificity, PPV,

and NPV for this threshold. We hypothesized that an ADC

<650 9 10-6 mm2/s in C10 % of the brain would have
>90 % specificity and PPV for predicting poor outcome.

In addition, we hypothesized that the odds of having a

poor outcome would be significantly increased in patients
with ADC <650 9 10-6 mm2/s in C10 % of brain. Fur-

thermore, an ROC analysis was planned to determine what

percentage of brain volume (with an ADC <650 9
10-6 mm2/s) provided the optimal cutoff for predicting

poor outcome. It was also hypothesized that a multivariable

analysis would demonstrate that having C10 % of brain
with ADC <650 9 10-6 mm2/s would be an independent

predictor of poor outcome.

Our secondary hypothesis was that among patients with
consciousness recovery, an ADC <450 9 10-6 mm2/s in

B0.5 % of the brain would have >90 % sensitivity for

predicting good recovery and that the median percentage of
brain volume with ADC <450 9 10-6 mm2/s would be

significantly smaller in patients with good function vs

impaired function.

Fig. 1 Assessment for analysis and outcome
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Figure 1bis: Exemple de coupes en séquence IRM FLAIR centrées sur les noyaux gris centraux  
correspondant à un patient ayant évolué favorablement (CPC-2) à gauche et un ayant évolué 
défavorablement (CPC-5) à droite. L’hypersignal FLAIR des noyaux gris sous corticaux ne 
permet pas de prédire leur évolution différentielle. En bas, cartographies respectives de FA 
obtenues chez chaque patient. L’échelle d’anisotropie s’étend des couleurs les plus froides 
(anisotropie faible) aux couleurs les plus chaudes (anisotropie élevée). 

  

0"

CPC"5"

CARDIAC&ARREST&&&DTI&

Frac*onal"Anisotropy"(FA)" Frac*onal"Anisotropy"(FA)"

0.5" 0"

T2"FLAIR" T2"FLAIR"

Low"anisotropy"Highanisotropy"

CPC"2"

High FA
(anisotropic) 

Low FA
(isotropic) 

Quantitative DTI
Fractional Anisotropy (FA)



Brownian motion of 
water molecules

White matter fibers

Quantitative DTI
Fractional Anisotropy (FA)



Unfavorable Outcome
CPC 5

Fractional Anisotropy (FA) Fractional Anisotropy (FA)

0.5 0

T2 FLAIR T2 FLAIR

Low anisotropyHighanisotropy

Favorable Outcome
CPC 2

WM degeneration after cardiopulmonary arrest

Cardiac Arrest

Quantitative DTI
Fractional Anisotropy (FA)



Quantitative DTI

Quantitative DTI

FA measurement 

3DT1

MRI white matter
segmentation



Quantitative DTI

Quantitative DTI

FA measurement 

Healthy volunteer Patient	1	(CPC-2)																																	

DTI$$
(WWM(FA)$

DTI$$
(WM(FA)$

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

FLAIR$DWI$ FLAIR$FLAIR$DWI$

FLAIR& DTI&&
(WM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

DTI&&
(WWM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

DWI& FLAIR&DWI&

Patient	2	(CPC-2)																																																																								Patient	3	(CPC-4)																						

FLAIR-DWI ”overall score”:  4 WWM-FA : 96% of controls FLAIR-DWI ”overall score”:  35 WWM-FA : 92% of controls

FLAIR-DWI ”overall score”: 32 WWM-FA : 95% of controls FLAIR-DWI ”overall score”:  25 WWM-FA : 66% of controls

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

Healthy volunteer Patient	1	(CPC-2)																																	

DTI$$
(WWM(FA)$

DTI$$
(WM(FA)$

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

FLAIR$DWI$ FLAIR$FLAIR$DWI$

FLAIR& DTI&&
(WM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

DTI&&
(WWM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

DWI& FLAIR&DWI&

Patient	2	(CPC-2)																																																																								Patient	3	(CPC-4)																						

FLAIR-DWI ”overall score”:  4 WWM-FA : 96% of controls FLAIR-DWI ”overall score”:  35 WWM-FA : 92% of controls

FLAIR-DWI ”overall score”: 32 WWM-FA : 95% of controls FLAIR-DWI ”overall score”:  25 WWM-FA : 66% of controls

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

Healthy volunteer Patient	1	(CPC-2)																																	

DTI$$
(WWM(FA)$

DTI$$
(WM(FA)$

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

FLAIR$DWI$ FLAIR$FLAIR$DWI$

FLAIR& DTI&&
(WM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

DTI&&
(WWM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

DWI& FLAIR&DWI&

Patient	2	(CPC-2)																																																																								Patient	3	(CPC-4)																						

FLAIR-DWI ”overall score”:  4 WWM-FA : 96% of controls FLAIR-DWI ”overall score”:  35 WWM-FA : 92% of controls

FLAIR-DWI ”overall score”: 32 WWM-FA : 95% of controls FLAIR-DWI ”overall score”:  25 WWM-FA : 66% of controls

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

FA= 92%

3DT1 +  FA map
CPC 2

White Matter FA = 92%
of controls



Quantitative DTI

Quantitative DTI

FA measurement 

White Matter FA = 66%

Healthy volunteer Patient	1	(CPC-2)																																	

DTI$$
(WWM(FA)$

DTI$$
(WM(FA)$

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

FLAIR$DWI$ FLAIR$FLAIR$DWI$

FLAIR& DTI&&
(WM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

DTI&&
(WWM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

DWI& FLAIR&DWI&

Patient	2	(CPC-2)																																																																								Patient	3	(CPC-4)																						

FLAIR-DWI ”overall score”:  4 WWM-FA : 96% of controls FLAIR-DWI ”overall score”:  35 WWM-FA : 92% of controls

FLAIR-DWI ”overall score”: 32 WWM-FA : 95% of controls FLAIR-DWI ”overall score”:  25 WWM-FA : 66% of controls

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

Healthy volunteer Patient	1	(CPC-2)																																	

DTI$$
(WWM(FA)$

DTI$$
(WM(FA)$

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

FLAIR$DWI$ FLAIR$FLAIR$DWI$

FLAIR& DTI&&
(WM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

DTI&&
(WWM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

DWI& FLAIR&DWI&

Patient	2	(CPC-2)																																																																								Patient	3	(CPC-4)																						

FLAIR-DWI ”overall score”:  4 WWM-FA : 96% of controls FLAIR-DWI ”overall score”:  35 WWM-FA : 92% of controls

FLAIR-DWI ”overall score”: 32 WWM-FA : 95% of controls FLAIR-DWI ”overall score”:  25 WWM-FA : 66% of controls

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

Healthy volunteer Patient	1	(CPC-2)																																	

DTI$$
(WWM(FA)$

DTI$$
(WM(FA)$

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

FLAIR$DWI$ FLAIR$FLAIR$DWI$

FLAIR& DTI&&
(WM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

DTI&&
(WWM,FA)&

0.4$

0.3$

0.2$

0.1$

0.0$

0.4$

0.3$

0.2$

0.1$

0.0$

DWI& FLAIR&DWI&

Patient	2	(CPC-2)																																																																								Patient	3	(CPC-4)																						

FLAIR-DWI ”overall score”:  4 WWM-FA : 96% of controls FLAIR-DWI ”overall score”:  35 WWM-FA : 92% of controls

FLAIR-DWI ”overall score”: 32 WWM-FA : 95% of controls FLAIR-DWI ”overall score”:  25 WWM-FA : 66% of controls

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

White	Matter Fractional AnisotropyWhite	Matter Fractional Anisotropy

CPC 5

3DT1 +  FA map

FA= 66%

of controls



There is a need for a normalization procedure

Metrics (FA, MD, L1 and Lt) depend on :

• Manufacturers
• Magnetic field
• Number of directions
• Antenna
• Slice thickness
• Spacial resolution
• TE
• Faraday cage

Normalization process :	Nb	of	controls needed

9 healthy volunteers

< 1% statistical
variability

Normal values must 
be assessed in controls

Quantitative DTI
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MRI-COMA STUDY

Original cohort
771 patients with

cardiac arrest

389 survived
7 days

33 patients
with CPC < 3

117 patients
with CPC ≥ 3

204 not included :
172 awake before day 7

20 had MRI contraindication
3 were minor

1 was pregnant
8 MRI not performed for logistical reasons or no consent

352 died before day 7 
30 neurologic cause of cardiac arrest

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 >3.5 mm during DTI

185 included patients

150 analyzed patients

Validation cohort
261 patients with

cardiac arrest

113 survived
7 days

11 patients
with CPC < 3

39 patients
with CPC ≥ 3

8 excluded :
3 patients excluded for Fazekas > 4 (severe Leukoaraiosis)

2 awake between D7 and MRI
3 MRI were not interpretable : 

2 DTI and 1 T1 Artefacts 

58 included patients

50 analyzed patients

139 died before day 7
9 neurologic cause of cardiac arrest 

55 not included :
45 awake before day 7

2 had MRI contraindication
2 were minor

6 MRI not performed for logistical reasons or no consent
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Prospective, observational cohort study 

200 OHCA
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MRI-COMA STUDY
Individual MD and FA of the 150 OHCA
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Figure S2: Scatter plot of whole white matter fractional anisotropy (FA) versus whole brain 

average diffusion coefficient (aDC) for all patients in the derivation cohort and healthy volunteers. 

Subjects status are in color, MRI delays are represented by symbols. 
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Sensitivity 92 %
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Clinical case of M. C, 68 years old, ICU admission after cardiac arrest.
comaWeb expertise for possible care withdrawal at D14.
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Clinical case 2

The patient : 100% probability of bad outcome

HV
CPC1-2

The patient

Raw Fa and MD values

CPC5 at 1 year

M
D

 v
al

ue
(%

 o
f c

on
tro

ls
)

MD value
(% of controls)



Grey Zone …

Quantitative MRI



Take home message
CT scan is unreliable

FLAIR lesions are unspecific except for diffuse hyper intensity signal in the cortex

DWI can be easily replace by DTI

T13D + FLAIR + DTI 30 directions

H0 H24 D7 D25 3M
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Low MD (aDC) Low FA

(<25 min)

Sensitivity         40%                        90%                 for 100% specificity

MRI



MRI CONTRAINDICATIONS

Heart pacemaker 

Metallic foreign body (metal sliver) in eye

Aneurysm clip > 20 years

ARDS

Intracranial hypertension

Take home message


