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Abstract

Objective: Prominent research in patients with disorders of consciousness

investigated the electrophysiological correlates of auditory deviance detection as

a marker of consciousness recovery. Here, we extend previous studies by inves-

tigating whether somatosensory deviance detection provides an added value for

outcome prediction in postanoxic comatose patients. Methods: Electroen-

cephalography responses to frequent and rare stimuli were obtained from 66

patients on the first and second day after coma onset. Results: Multivariate

decoding analysis revealed an above chance-level auditory discrimination in 25

patients on the first day and in 31 patients on the second day. Tactile discrimi-

nation was significant in 16 patients on the first day and in 23 patients on the

second day. Single-day sensory discrimination was unrelated to patients’ out-

come in both modalities. However, improvement of auditory discrimination

from first to the second day was predictive of good outcome with a positive

predictive power (PPV) of 0.73 (CI = 0.52–0.88). Analyses considering the

improvement of tactile, auditory and tactile, or either auditory or tactile dis-

crimination showed no significant prediction of good outcome (PPVs = 0.58–
0.68). Interpretation: Our results show that in the acute phase of coma

deviance detection is largely preserved for both auditory and tactile modalities.

However, we found no evidence for an added value of somatosensory to audi-

tory deviance detection function for coma-outcome prediction.

Introduction

Coma is a severe clinical condition characterized by a

pathological loss of consciousness that may result from dif-

fuse bihemispheric lesions of the cortex or underlying white

matter, or a bilateral thalamic damage.1 In particular, after

cardiac arrest, the majority of resuscitated patients fall in a

deep coma in which even brainstem function may be

absent, and ventilation support becomes necessary. Over

time, comatose patients may evolve toward a good

outcome and waking up within days or may transition to

the unresponsive wakefulness syndrome where the patient

is awake but unaware and unresponsive to the environ-

ment. At different stages of pathological loss of conscious-

ness, accurate evaluation of preserved brain functions can

significantly improve patients’ outcome prediction, as

defined by standardized clinical scales at 3 months such as

the Cerebral Performance Category (CPC,2).

Within such preserved brain functions, neural detection

of novel or infrequent sounds within regular auditory
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sequences (i.e. auditory deviance detection) is typically

reported in comatose and disorders of consciousness

patients who will eventually survive.3 The brain mecha-

nisms underlying auditory deviance detection might still

be preserved during early stages of coma and further

improve over time in long-term survivors, whereas

deviance detection appears to degenerate over time in

those patients who eventually die (see4,5 for a discussion).

In line with these results an improvement in auditory

deviance detection positively correlated with functional

and cognitive performance levels at awakening in coma

survivors.6 To what extent deviance detection capacity in

comatose patients persists as a function of stimulus com-

plexity and stimulus modality is currently a focus of an

intense research activity.7–9

Previous studies in healthy subjects showed that deviance

detection can be evoked both in the auditory (see10 for a

review), somatosensory,11–14 and visual modality,15–17 and

even across modalities.18–20 Neuroimaging studies suggest

that the underlying neural representations are encoded in

distinct modality-specific brain regions,21,22 however,

cross-talk between sensory modalities at the functional and

neuroanatomical level has been reported.21,23 Based on

these observations in healthy subjects, we hypothesized that

diffuse cerebral injury in comatose patients might differ-

ently impair deviance detection for auditory and

somatosensory stimuli. Thus, we hypothesized that the

assessment of somatosensory deviance detection might pro-

vide complementary information to auditory deviance

detection for increasing the number of predicted survivors

and thereby improving coma-outcome prediction.4,5,24

We tested this prediction in postanoxic comatose

patients that within other etiologies, (i.e. pharmacological,

traumatic etc.) represents one of the major causes of

admission at the intensive care units in developed country

and mostly following cardiac arrest (CA; with a frequency

of 38–84/1000000 in Europe).25 We recorded twice in each

patient over the first 2 days of coma, neural responses to

auditory and somatosensory stimuli in order to quantify

the degree of preserved deviance detection in each sensory

modality in acute coma. Specifically, we implemented an

auditory mismatch negativity (MMN) protocol (i.e.

reported previously4,5,24) and a tactile MMN protocol

where the stimuli were differentiated by their duration, a

stimulus feature allowing a direct comparison between

the two modalities.

Materials and Methods

Postanoxic comatose patients

We recorded data from 95 consecutive patients older than

18 years resuscitated from CA who were admitted to the

intensive care units of the University Hospitals Lausanne (65

patients), Bern (23 patients), Sion (5 patients), and Fribourg

(2 patients) between December 2016 and May 2017. Data

were collected from all patients admitted during the study

period who were treated with targeted temperature manage-

ment (TTM;26,27), given the availability of EEG recording

system and experimenter and a high probability of the

patient being still alive for the second day recording accord-

ing to the treating clinician. Informed written consent for

participation in this study was obtained prior to EEG record-

ings from a family member, legal representative, or treating

clinician not involved in this study. The experimental proto-

col was approved by the ethical committees of the Cantons

Bern, Fribourg, Valais and Vaud and all methods were car-

ried out in accordance with relevant guidelines and regula-

tions. Based on our previous studies showing similar

prognostic performance of our method across patients

receiving TTM at different target temperatures for the pre-

sent study we included both patients receiving TTM at 36°C
(75 patients) and patients receiving TTM at 33°C (20

patients;4,5,24). TTM was applied for 24 h using ice packs or

intravenous ice-cold fluids together with a feedback con-

trolled cooling device (Arctic Sun System, Medivance, Louis-

ville or Thermogard XP; ZOLL Medical, Zug, Switzerland)

followed by removal of TTM after 24 h. Propofol (2–3 mg/

kg/h), Midazolam (0.1 mg/kg/h) and Fentanyl (1.5 lg/kg/h)
were given for analgesia-sedation, and Vecuronium, Rocuro-

nium, or Atracurium for controlling shivering.

Of 95 patients, 21 were excluded from analysis because

of missing second EEG recording (i.e. 13 awoke, 7

deceased, and 1 patient was transferred to a different hospi-

tal within 48 h following CA). For our main analysis, we

excluded eight patients because a relevant comorbidity (e.g.

second CA, multiorganic failure, or intracerebral bleeding)

unrelated to the initial CA was diagnosed only after our

recordings, and caused death within 3 months. As our

approach is based on EEG recordings during the first

2 days following CA, our method cannot foresee such sec-

ondary events (for similar approach see4). Thus, the num-

ber of patients included for the analysis was 66 (15 treated

with TTM at 33°C, 23%).

Patients’ outcome was defined as the best functional

level reached within 3 month after CA based on regular

assessment of neurological state during hospitalization

and a semistructured phone interview at 3 months after

CA using CPC2 CPC 1 indicates full recovery; CPC 2

conscious with moderate disability; CPC 3 conscious with

severe disability; CPC 4 coma or persistent vegetative

state, and CPC 5 death. Patients with CPC 1–3 at any

time within 3 months after coma onset were considered

patients with good outcome (in the following referred to

as ‘survivors’, n = 41). All patients who died within

3 months from coma onset without ever awakening are

ª 2018 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association. 1017

C. Pfeiffer et al. Audio and Tactile Coma-Outcome Prediction



considered within the poor outcome group (in the fol-

lowing ‘Nonsurvivors’; n = 25). The vast majority of

Nonsurvivors died after interdisciplinary decision of with-

drawal of supporting care, based on our previously pub-

lished multimodal protocol (e.g.,28)

We note that this study was part of a larger study aim-

ing to validate the auditory discrimination method in a

larger cohort of comatose patients. For consistency across

studies, all patients completed first the auditory protocol

(i.e. as in4,5,24), which was followed by the administration

of the tactile protocol (i.e. the total duration of both pro-

tocols was 90 min). We note that of the 66 patients ana-

lyzed for the present study, data from the auditory

protocol from 49 patients receiving TTM at 36°C were

previously reported.4 Here, we aimed to compare the pre-

dictive value of data from the auditory to the tactile proto-

col – not reported before – and therefore included here all

patients who took part in both the auditory and the tactile

protocol receiving either TTM at either 33 or 36°C.

Clinical assessments

Neurological examination of pupillary, oculocephalic, cor-

neal reflexes and motor reactivity to pain stimulation was

assessed by a certified neurologist after withdrawal of

TTM and weaning of pharmacological sedation (at least

twice between 36 and 72 h after CA, or more often if

needed). Two clinical EEG recordings were performed,

within 24 h (at least 6 h) after CA during TTM, and at

36–48 h after CA and withdrawal of TTM at the time of

clinical examination.29 EEG background reactivity inter-

pretation was performed by experienced electroencephalo-

graphers. Epileptiform EEG was defined as any repetitive

periodic or rhythmic spikes, or sharp waves, or spike-

waves.30 Bilateral median nerve somatosensory evoked

potentials (SSEP) were recorded at least 24 h after CA.

Neuron-Specific Enolase (NSE) was measured at 24 and

48 h after CA and analyzed with an automated

immunofluorescent assay (Thermo Scientific Brahms NSE

Kryptor Immunoassay, Hennigsdorf, Germany; and Roche

Cobas Elecsys; Roche Diagnostics, Rotkreuz, Switzerland).

Exclusive palliative care was decided using a multidisci-

plinary approach, if two or more of the following criteria

were present31,32: (1) Unreactive EEG background after

TTM and off sedation, (2) Treatment-resistant myoclo-

nus, (3) Bilateral absence of N20 in SSEP, and (4) Incom-

plete return of brainstem reflexes.

Experimental protocol and EEG acquisition

Each patient was presented with an auditory MMN, pre-

viously used in24 and originally introduced by33 and a

tactile MMN protocol. Details about the experimental

protocols, EEG acquisition, and data preprocessing can be

found in the Supplemental Data S1.

Multivariate EEG decoding

The absence of stereotypical evoked responses in coma-

tose patients recorded during acute coma encourages the

use of data-driven single patient analysis for the assess-

ment of sensory discrimination. Single-patient EEG data

was analyzed with a multivariate decoding algorithm

based on EEG responses across the whole 19-channel

montage.34 This method can be used to quantify the dif-

ferential responses to standard versus deviant sounds at

the level of each single patient and recording. It has been

previously used for decoding responses in healthy subjects

and comatose patients.5,7,24,35–38 This algorithm consists

of modeling the distribution of single-trial EEG responses

across all electrodes using a mixture of Gaussian models

(GMM) in an n-dimensional space where n represents the

number of electrodes.34,39 The models are computed

through an expectation-maximization algorithm for each

patient and recording (first day, second day) separately,

using only one part of the available data (training data

set, consisting of 90% of the artifact-free single trials;40).

Posterior probabilities are computed for each topogra-

phies recorded at each single time frames and trial and

discriminative time-periods between conditions of interest

are derived.41 Each trial in the training data set is

decoded as being a response to a standard or a deviant

sound based on the average posterior probabilities values

computed across trials at each time frame. The perfor-

mance of the decoding algorithm is then assessed on the

remaining 10% of the available single trials (test data set)

and by assigning the test trials in one of the two experi-

mental conditions (i.e., responses to standard vs. deviant

sounds).

Decoding performance is measured as the area under

the receiver operating characteristic curve (AUC;42) and it

is computed for standard versus each type of deviant

sound. The GMM model’s parameters are optimized by

repeating this whole procedure 10 times by splitting the

data in training and test data sets in a way that the 10 test

data sets never overlap. The AUC values reported for the

auditory protocol correspond to the mean value across all

three contrasts (i.e., responses to standard sounds vs.

deviant sounds in pitch, duration, or location), and for

the tactile protocol to duration deviant and standard

sounds. To allow a full comparison between the auditory

and tactile protocol, we report also the AUC values sepa-

rately for each of the three auditory deviants (see Supple-

mental Data S1).
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Sensory discrimination on single day and
outcome prediction

The outcome prediction was based on the average AUC

values obtained on the test datasets across the three devi-

ants. All AUC values were considered in this analysis irre-

spective of their significance at the single subject level.

More specifically, outcome prediction was based on the

change of decoding performance from Day 1 (AUCDAY1)

to Day 2 (AUCDAY2) and specifically on the percentage

change in AUC values: 1009 (AUCDAY2 � AUCDAY1)/

AUCDAY1. Significance of outcome prediction results was

assessed with 95% confidence intervals (CIs) based on a

binomial distribution.

In a separate analysis we assessed the significance of the

AUC values for each recording separately by evaluating the

decoding methods on the validation dataset, i.e. an inde-

pendent dataset from that used for feature selection and

that was not used for outcome prediction at any step, and

by comparing this value to chance level using a permuta-

tion test. Results based on the validation dataset and corre-

sponding chance levels are reported in the section ‘Sensory

discrimination on single day’.

We further assessed the significance at group level of

the decoding values for each day separately by computing

the probability of the having k success out of n tests using

a binomial cumulative distribution function (in Matlab it

is implemented in the function binocdf;37,43); The num-

ber of success was based on the number of AUC that

were significant based on the permutation test. The prob-

ability of significance for each AUC was assessed based on

the number of times the decoding performance obtained

on the validation dataset outperformed that obtained on

random permutation. This test provides an estimation of

the probability to observe by chance significant results in

k out of n tests (here for ‘All Patients”, n = 66; Table 2).

Results

Comatose patients’ outcome

Of the 66 patients analyzed (14 women, age

mean = 65 years, SD = 13 years), 41 (62%) had a good

outcome, 25 (38%) had a poor outcome, and no patient

was in a persistent vegetative state.

Outcome prediction based on the
progression of sensory discrimination

The average decoding performance for the auditory stimu-

lation protocol for 41 Survivors was AUCDAY1 =
0.615 � 0.005 and AUCDAY2 = 0.616 � 0.005, and for the

25 Nonsurvivors decoding performance was

AUCDAY1 = 0.627 � 0.006 and AUCDAY2 = 0.614 � 0.006

(Fig. 1A). An improvement was observed in 19 of 41 Sur-

vivors (46%), whereas the majority of Nonsurvivors (18 of

25, 72%) showed a decrease in decoding performance

(Fig. 2A). Overall, across all 66 patients, an improvement

Figure 1. Average decoding performance of comatose patients for the Auditory (A) and Tactile (B) stimulation protocols, split according to

patients’ outcome (Survivors, Nonsurvivors). Black bars refer to the area under the curve (AUC) values obtained for the first day recording (Day 1)

under targeted temperature management and grey bars refer to AUC values of the second day recording (Day 2) after removal of temperature

control. Decoding performance corresponds to average AUC values for decoding EEG responses to standard versus deviant stimuli evaluated for

each patient/recording separately.
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in AUC from Day 1 to Day 2 was observed in 26 patients,

among whom 19 awoke from coma, resulting in 73% pre-

dictive value of good outcome (95% CI = 0.52–0.88;
Table 1). The sensitivity (i.e., ratio of Survivors showing an

increase) was 46% (95% CI = 0.31–0.63) and the specificity

(i.e., ratio of Nonsurvivors showing a decrease) was 72%

(95% CI = 0.51–0.88). The predictive value of poor out-

come (i.e. ratio patients showing decrease with a poor out-

come) was 45% (95% CI = 0.29–0.62), and the overall

accuracy was 56% (95% CI = 0.35–0.57; Table 1). For

comparison with previous studies4,5 we present in the Sup-

plemental Data S1 complementary outcome prediction

analyses for a subgroup of patients without epileptiform

features (Table S1) and separate analysis based on each type

of deviant (duration, location, pitch; Table S2).

For the tactile stimulation protocol, the average decoding

performance for 41 Survivors was AUCDAY1 = 0.611

� 0.007 and AUCDAY2 = 0.608 � 0.008, and for the 25

Nonsurvivors decoding performance was AUCDAY1 =
0.618 � 0.010 and AUCDAY2 = 0.605 � 0.010 (Fig. 1B).

The change in decoding performance from Day 1 to Day

2 showed an improvement in 14 of 41 Survivors (34%),

and a decrease in decoding performance was found in 15

of 25 Nonsurvivors (60%; Fig. 2B). Overall, across all 66

patients, an improvement in AUC from Day 1 to Day 2

was observed in 24 patients, among whom 14 awoke

from coma, resulting in 58% predictive value of good

outcome (95% CI = 0.37–0.78; Table 1). The sensitivity

(i.e., ratio of Survivors showing an increase) was 34%

(95% CI = 0.20–0.51) and the specificity (i.e., ratio of

Nonsurvivors showing a decrease) was 60% (95%

CI = 0.39–0.79). The predictive value of poor outcome

(i.e. ratio patients showing decrease with a poor out-

come) was 36% (95% CI = 0.22–0.52), and the overall

accuracy was 44% (95% CI = 0.25–0.46; Table 1).

By combining the decoding results from the auditory

and tactile tasks, we found no improvement of outcome

prediction as compared to analysis based solely on result

from the auditory task (see Table 1 for an overview of

results). Of the 66 patients analyzed, 8 (12%) showed an

improvement of both auditory and tactile discrimination,

of which only five survived (i.e. PPV = 0.63, 95%

Figure 2. Outcome prediction results based on the progression of auditory (A) and tactile (B) discrimination in comatose patients, split according to

patients’ outcome (Survivors, Nonsurvivors). Circles refer to the percentage change in decoding performance for individual patients from Day 1 under

targeted temperature management to Day 2 after withdrawal of temperature control. AUC, area under the curve.
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CI = 0.24–0.91; see Table 1: Audio and Tactile). By con-

sidering those patients with improvement in either audi-

tory or tactile discrimination (i.e. 34 of 66 patients, 52%),

decoding performance showed no significant prediction

of good outcome (i.e. PPV = 0.68; 95% CI = 0.49–0.83;
Table 1: Audio or Tactile).

Sensory discrimination on single day

To assess whether the absence of predictive value for the

progression of tactile discrimination was related to a poor

sensory discrimination performance, we evaluated the sta-

tistical significance of the neural discrimination for each

patient on a single day, separately for the tactile and the

auditory protocol (i.e. duration deviant only) using a per-

mutation test. Across the total of 66 patients tested, an

above-chance level auditory discrimination was found in

25 patients (38%) on the first day and in 31 patients (47%)

on the second day. Tactile discrimination was above chance

level in 16 patients (24%) on the first day and 23 patients

(35%) on the second day. The notable increase of the pro-

portion of participants showing sensory discrimination

from the first (24–38%) to the second day (35–47%) is in

line with the idea of an improvement of sensory discrimi-

nation over time in comatose patients. In addition, across

all recordings in 66 patients, an above-chance level discrim-

ination was found in 42 patients (64%) for the auditory

protocol and in 31 patients (47%) for the tactile protocol,

indicating that sensory discrimination function was pre-

served for substantial proportion of comatose patients for

both the auditory and somatosensory modalities.

Importantly, these results for single days by itself were

not informative about patient outcome (Table 2; see also

Supplemental Material in our previous paper for similar

considerations4). At group level, single-day discrimination

results were significant (P < 0.05) for auditory discrimi-

nation on both days and for tactile discrimination for

Day 1.

Discussion

We tested and compared auditory and tactile discrimina-

tion as measured by EEG for predicting postanoxic coma-

tose patients’ outcome.

Following previous works, we focused on the improve-

ment of sensory discrimination over 2 days4,5,24,44 and we

replicated that the improvement in auditory discrimina-

tion between standard and deviant stimuli was informa-

tive of the patients’ chances of awakening (73%

PPV;4,5,24). The progression of tactile discrimination

assessed in the same patients was not predictive of the

patients’ outcome (58% PPV). Tactile discrimination was

nevertheless significant in 31 of 66 tested patients and sig-

nificant at group level on the first day, thus suggesting

that data quality did not prevent the detection of the pre-

dictive value of the tactile discrimination for outcome

prediction. Our study shows that auditory discrimination

results outperformed tactile discrimination for the predic-

tion of coma outcome and that tactile discrimination

provided no additional predictive value.

We note that the experimental protocols for auditory

and tactile discrimination assessment slightly differed in

Table 1. Prognostic values for good outcome for comatose patients based on the progression of auditory, tactile, or combinations of auditory

and tactile discrimination results.

Audio Tactile Audio and Tactile Audio or Tactile

Positive predictive value (95% CI) 0.73 (0.52–0.88) 0.58 (0.37–0.78) 0.63 (0.24–0.91) 0.68 (0.49–0.83)

Sensitivity (95% CI) 0.46 (0.31–0.63) 0.34 (0.20–0.51) 0.12 (0.04–0.26) 0.56 (0.40–0.72)

Specificity (95% CI) 0.72 (0.51–0.88) 0.60 (0.39–0.79) 0.88 (0.69–0.97) 0.56 (0.35–0.76)

Negative predictive value (95% CI) 0.45 (0.29–0.62) 0.36 (0.22–0.52) 0.38 (0.26–0.52) 0.44 (0.26–0.62)

Accuracy (95% CI) 0.56 (0.35–0.57) 0.44 (0.25–0.46) 0.41 (0.19–0.37) 0.56 (0.39–0.63)

Values above chance level are highlighted in bold.

Table 2. Proportion of comatose patients showing an above chance-level auditory or tactile discrimination on Day 1 during targeted temperature

management (TTM) and from Day 2 after removal of temperature control.

All patients Survivors Nonsurvivors

Audio Tactile Audio Tactile Audio Tactile

Day 1, pts. (%) 25/66 (38%) 16/66 (24%) 16/41 (39%) 12/41 (29%) 9/25 (36%) 4/25 (16%)

Day 2, pts. (%) 31/66 (47%) 23/66 (35%) 22/41 (54%) 13/41 (32%) 9/25 (36%) 10/25 (40%)

The results are shown separately for the total sample, and Survivors and Nonsurvivors. Above chance level performance at group level across all

patients is highlighted in bold.
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terms of deviance feature (i.e. audio: duration, pitch, and

location deviants; tactile: duration deviant only), propor-

tion of deviant to the total number of stimuli (i.e. audio:

30%; tactile: 20%), and a fixed order of presentation (i.e.

auditory task before tactile task), which may have con-

tributed to the present results. Accordingly, a direct com-

parison between auditory and tactile results should be

considered preliminary. Complementary analyses were

carried out for computing the prediction performance

separately for each of the auditory deviants (Supplemental

Data S1). This analysis confirmed that the progression of

auditory discrimination showed significant positive pre-

dictive power for the duration and the location deviant,

comparable to data based on the average of three devi-

ants. Thus, even single auditory deviants provided a supe-

rior predictive power to the tactile duration deviant.

These results indicate that the prediction of patients’ out-

come is not based on feature detection across modalities

(e.g. duration) but rather on the sensory modality of the

stimuli across different features types.

The degeneration of auditory discrimination perfor-

mance in Nonsurvivors can result from the anoxia-

induced deterioration of brain tissue properties over time

in brain regions encoding auditory discrimination func-

tion.45,46 Diffusion tensor imaging data showed brain

damaged in the thalamus, basal ganglia, cerebellum, hip-

pocampus, frontal, and parietal cortices.47–49 In particular

the hippocampus and fronto-parietal regions are consid-

ered as part of the network underlying detection of unex-

pected events at different stages of sensory processing and

in particular in the auditory modality.47–51

Somatosensory cortical processing in humans involves

thalamocortical projections to primary somatosensory

cortex and further relay to secondary somatosensory,

parietal, and frontal cortical regions involved in different

aspects of somatosensory perception52 for a review).

Based on only a few available neuroimaging studies,

somatosensory deviance detection appears to mainly

involve processing in the secondary somatosensory cortex

and intraparietal regions, partially overlapping with pari-

etal centers involved in auditory deviance detection

(e.g.22). Somatosensory processing is already exploited in

clinics for predicting comatose patients’ outcome. In par-

ticular the absence of cortical SSEP responses is highly

informative of poor outcome.31,32 Other studies have pro-

posed SSEP amplitude for predicting good outcome either

at early or middle latencies in the response window.53,54

The optimal use of the SSEP for predicting good outcome

in patients especially in modern clinical application of

TTM targeting 33 or 36°C is currently under exploration.

Notably, the early components of the SSEP reflects merely

the presence of a local cortical response in primary and

secondary somatosensory cortical regions and not the

ability of discriminating rare from frequent stimuli over

time which is most likely based on a distributed network

of cortical and subcortical regions of a deviance detection

network.55 To the best of our knowledge this is the first

study testing tactile discrimination in postanoxic coma-

tose patients.

The present study aimed at comparing deviance detec-

tion for auditory and somatosensory stimulations using

the same multivariate decoding analysis as used previ-

ously (single-trial topographic analysis,4,5,24). We adopted

this method based on previous studies investigating its

sensitivity for predicting patients’ outcome in comparison

to other analyses. A previous study compared the detec-

tion of the auditory MMN in postanoxic comatose

patients using the proposed decoding analysis with classi-

cal waveform-based analysis.24 Results showed that

whereas decoding analysis provided a high positive pre-

dictive value, classical waveform analysis was not informa-

tive about patients’ outcome. We interpreted these results

in light of the highly heterogeneous and not-stereotypical

deviance detection response in comatose patients, with

different features in the evoked responses from that of

healthy participants (e.g. see illustrations of exemplar

waveforms in5 and56). In a different study the decoding

method was compared to logistic regression analysis of

the same data from comatose patients38 and in a cohort

of healthy participants. We found that the prediction

results based on single-trial topographic analysis was

more accurate (100% PPV) then when based on logistic

regression (73% PPV) and that the proposed method

could detect significant standard versus deviant discrimi-

nation in the majority of healthy participants (7 out of

11).

We note that in this study the self-fulfilling prophecy

bias was avoided by acquiring the data in a blinded fashion

to the clinicians responsible for end-of-life decisions. Nev-

ertheless, we cannot exclude that end-of-life decisions may

have affected the overall results of this study. Our findings

contribute to the ongoing research on coma outcome pre-

diction by showing that the large proportion of Nonsur-

vivors still present a certain degree of preserved tactile

discrimination function and especially during the first day

where results were significant at group level. The timing of

the assessment and single measurements at variable latency

from coma onset even within the span of a few days pro-

vides distinct evidence about the degree of preserved func-

tions in the same patients and encourages the use of

repetitive measurements over time for a reliable estimation

of the patient’s overall functional state. In addition, the

specificity of sensory discrimination improvement in sur-

vivors and for the auditory modality indicate a specific

role of auditory stimuli for probing neural circuits

involved in consciousness recovery from coma.
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