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ABSTRACT

Objective: The acoustic characteristics of stimuli influence the characteristics of the corresponding
evoked potentials in healthy subjects. Own-name stimuli are used in clinical practice to assess the level
of consciousness in intensive care units. The influence of the acoustic variability of these stimuli has
never been evaluated. Here, we explored the influence of this variability on the characteristics of the sub-

ject’s own name (SON) P300.

Methods: We retrospectively analyzed 251 disorders of consciousness patients from Lyon and Paris
Hospitals who underwent an “own-name protocol”. A reverse correlation analysis was performed to test
for an association between acoustic properties of own-names stimuli used and the characteristics of the
P300 wave observed.

Results: Own-names pronounced with increasing pitch prosody showed P300 responses 66 ms earlier
than own-names that had a decreasing prosody [ICgsy = 6.36; 125.9 ms].

Conclusions: Speech prosody of the stimuli in the “own name protocol” is associated with latencies dif-
ferences of the P300 response among patients for whom these responses were observed. Further inves-
tigations are needed to confirm these results.

Significance: Speech prosody of the stimuli in the “own name protocol” is a non-negligible parameter,
associated with P300 latency differences. Speech prosody should be standardized in SON P300 studies.
© 2022 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

BAEPs, brainstem auditory evoked potentials; DOC, disorders of consciousness;
ERP, evoked related potential; HNR, harmonic-to-noise ratio; ICU, Intensive care
unit; MLAEPs, middle latency auditory evoked potentials; MMN, Mismatch
Negativity; RMS, root-mean-square; SON, subject’s own name; TBI, traumatic brain

In disorders of consciousness (DOC), multimodal neurophysio-
logical testing is recommended to better predict neurological out-

injury; GHU, Groupe Hospitalier Universitaire; dBHL, decibels Hearing Level;
SWIPE, sawtooth waveform inspiredpitchestimator.
* Corresponding author at: Service de neurophysiologie Clinique, GHU Paris
Psychiatrie & Neurosciences, 1 rue Cabanis, 75014 Paris, France.
E-mail address: e.pruvost@ghu-paris.fr (E. Pruvost-Robieux).
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come (André-Obadia et al.,, 2018). Evoked potentials (EPs) in
response to auditory stimulation are an integral part of this
approach.
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Auditory EPs include brainstem auditory evoked potentials
(BAEPs) and middle latency auditory evoked potentials (MLAEPs),
used to evaluate the integrity of auditory tracts, brainstem struc-
tures, and auditory primary cortices, as well as long latency audi-
tory EPs, which aim to discriminate conscious versus
unconscious processes. As an example of the latter, oddball para-
digms can be used to assess a patient’s ability to discriminate
between frequent standard and rare deviant sounds. In such para-
digms, the mismatch negativity (MMN) response, a fronto-central
negative wave recorded about 100 - 250 ms post-stimulus, is
thought to index an automatic/pre-attentive cognitive processing
of acoustic differences between the frequent and the deviant stim-
uli (which can differ in duration, frequency or pitch of the stimuli
(Goodin et al., 1994; Nddtdnen et al., 1978)). Observing this MMN,
notably in acute post-anoxic DOC, is a good predictor of exiting
vegetative state, with a positive predictive value of 100% in the
cohort of Fischer et al. (Fischer et al., 2006, 1999). However, in
other etiologies of DOC, or later in chronic DOC, predictive values
are lower (Fischer et al., 2004; Naccache et al., 2005). In addition,
the sensitivity of MMN is greatly variable (Fischer et al., 1999;
Kane et al., 1996).

To improve the assessment of DOC patients, some authors
developed further auditory paradigms, notably to elicit a P300
response, a positive wave recorded when patients focus their
attention on deviant stimuli, notably when these deviants are rare
and relevant (Squires et al., 1976; Sutton et al., 1965). Many studies
demonstrated the ability of a patient’s own-name to grab attention
(Moray, 1959; Wood and Cowan, 1995), which motivated Fischer
and Morlet (2008) to develop a new oddball paradigm in which fre-
quent and deviant tone stimuli (differing by tone duration) are
intermixed with rare audio recordings of a speaker uttering the
patient’s own-name. In DOC patients, this paradigm was shown
to elicit a P300 wave in response to the patient’s own-name, which
correlates with a good prognosis for awakening in some studies,
sometimes with a better sensibility than MMN (Cavinato et al.,
2009; Fischer et al., 2010). Yet, important discrepancies persist
according to the etiologies of DOC and the delay between the onset
of DOC and the completion of neurophysiological tests (André-
Obadia et al., 2018; Fischer et al., 2008).

In the typical clinical implementation of own-name P300 para-
digms, recordings of a patient’s name prior to the evaluation may
be done by clinical staff in relatively uncontrolled acoustic condi-
tions (e.g. staff room, over a computer microphone) and, over the
years, clinical institutions have constituted unofficial stimulus sets
of recordings of frequent first names which can be reused without
needing to record them again. The original study of Fischer et al.
(2008) offered no guidelines on how these audio recordings should
be made. Large acoustic differences are likely to be observed:
names may be recorded by male or female staff (resulting in sex-
related pitch and timbre differences; Titze, 2000), and pronounced
with arbitrary intonation, for example in a questioning or assertive
tone, and emotional content, for example calm or alerting tone.

Here, we ask whether that the latency, amplitude and, to some
extent, the detectability of own-name P300 responses in the con-
text of DOC evaluation can be influenced to a non-negligible degree
by the acoustic and expressive characteristics of the vocal record-
ings used as stimuli.

To look for a link between the acoustic and expressive content
of the recorded name and the ability to detect a P300 response
and its characteristics we retrospectively analyzed DOC evalua-
tions at two hospitals in France (Hospices civils de Lyon and
Groupe Hospitalier Universitaire (GHU) Paris Psychiatrie et Neuro-
sciences, Sainte Anne). We collected clinical data from N = 251
patients who underwent own-name protocols each linked to the
sound stimulus used for their Evoked-related-Potentials (ERP)
measurement from August 2008 to May 2021. We also analyzed
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a set of 120 own-name sound recordings used for DOC evaluations.
We then computerized acoustic analysis on the own-name stimuli
and the characteristics of the P300 responses observed.

2. Material and methods

2.1. Participants

We studied a retrospective cohort of N 251 patients
(male:160) who underwent DOC assessment with the own-name
protocol (Fischer et al., 2008) from August, 7th 2008 to May,
20th 2021 at two centers, the Hospices Civils de Lyon, France
(Lyon, N = 132, 53%) and the GHU Paris Psychiatrie et Neuro-
sciences Sainte-Anne, France (Paris, N = 119, 47%). The study did
not modify the usual medical practices and was conform to the
ethics policies of GHU Paris Psychiatrie et Neurosciences and Hos-
pices civils de Lyon.

2.2. Own-name protocol

All patients in the retrospective cohort underwent the same
own-name protocol in both centers, with similar hardware (Micro-
med S.p.A., Treviso, IT). Standard tones (81% of stimuli) were 80
decibels Hearing Level (dBHL), 800 Hertz (Hz) tones with 1 mil-
lisecond (ms) rising and fall time and 75 ms duration, deviant
tones (15% of stimuli) were 80dBHL, 800 Hz tones with 1 ms rising
and fall time and 35 ms duration, and own-name stimuli (4% of
stimuli) were 80dBHL recordings with a duration inferior to
1200 ms. In both centers, P300 paradigms are passive protocols
(no instruction is given to the patient before the stimulation).
Recording electrodes are placed on Fz, Cz, Pz and linked mastoids
(André-Obadia et al., 2018). All electrodes are referenced to the
nose. High-pass filter was set at 0.1 Hz and low-pass filter at
30 Hz for cortical derivations, and amplifier sensitivity was set
at + 200 pV. The temporal window of analysis is 1000 ms
(100 ms pre- and 900 ms post-stimulus onset). Three stimulus ser-
ies were performed in passive conditions for each patient in Paris
(up to 5 if they were not reproducible) and 5 stimulus series in
Lyon. All series were timed to include at least 40 own-name stim-
uli. As part of standard DOC evaluation protocol, the cohort also
underwent BAEPs, somatosensory evoked potentials and MMN
testing on the same day of evaluation - results from these addi-
tional tests were not collated nor analyzed for the present study.

2.3. Clinical and neurophysiological outcomes

For each retrospective patient, we collected the outcome of the
P300 evaluation (absent/present) as recorded in the clinical regis-
ters. Additionally, a single neurophysiologist (the first author) re-
analyzed all ERP files classified as “P300 present” to measure the
latency (in ms) at three electrode sites (Fz, Cz, Pz) of the own-
name P300 response. For each patient, the neurophysiologist visu-
ally checked for artefacts among the ERP curves of the 5 (Lyon) or 3
(Paris) stimulus series and then averaged the non-artefacted series
into a global ERP curve. The latency of the P300 response was
determined visually as the position of the first peak of the P300
response (when the response displayed multiple components).
This procedure was similar to the one used in the original clinical
evaluation of the patients, which determined if a P300 response
was present or absent, and was only used here to document the
latency of this response when present. This procedure was blind
to the prosody of the patient’s own-name audio recording used
for the evaluation.
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After all information was collated, data were anonymized with
the exception of the patient’s first name, which was used to match
each patient file with the sound recording used for the evaluation.

2.4. Sound recordings

In addition to retrospective data on patient evaluation, we col-
lected a dataset of n = 623 audio recordings of patient first names,
assembled over the years by the neurophysiology teams at Hos-
pices Civils de Lyon and GHU Paris and used for coma evaluation
at the two centers considered in this study. n = 153 (male names:
87, female names: 66; all French language) of these recordings cor-
responded to the ones used to test the N = 251 patients in the
cohort and were retained for further analysis. While the number
of different speakers involved in recording the names was undoc-
umented (and difficult to evaluate by listening to them), there
was a majority of female voice recordings (149: 96.7%). The aver-
age duration of the recordings was M = 825 ms (SD = 151 ms).

Of these n = 153 recordings, 58 (37.9%) names were either used
for several different evaluations for the same patient, or were
namesakes which corresponded to 2 or more patients tested with
the same file (shared by 8 evaluations/patients: Philippe; by 6:
Alain, Mustapha, Thierry; by 5: Frédéric; by 4: Jocelyne, Lionel; by
3: André, Anne, Bernard, Charles, Dominique, Frangois, Francoise,
Huguette, Jeanine, Jean-Pierre, Kamel, Marc, Sébastien; and by 2:
Caroline, Christophe, Christelle, Claude, Denis, Domingos, Eric, Flor-
ence, Genevieve, Georges, Gérard, Ghislaine, Guy, Jean, Jean-Frangois,
Jean-Marc, Joél, Josiane, Laurent, Lucienne, Makram, Manon, Marie,
Nicolas, Noél, Pascal, Patricia, Patrick, Régis, Robert, Svilen, Sylvie,
Valérie, Victoria, Vincent, Viviane, Yoann). Because they contribute
identical acoustic properties in potentially different clinical groups,
the existence of namesakes has the potential to obfuscate the rela-
tion between the acoustic content of the recorded name and the
patient’s P300 characteristics. In the P300-negative group
(N = 141), 12 patients (8.5%) had at least 1 namesake in the
P300-positive group. Within the P300-positive group (N = 110),
17 patients (15.4%) had at least 1 or 2 namesakes (2: Charles, Hugu-
ette, Jocelyne, Marc; 1: Anne, Bernard, Christian, Christophe, Domini-
que, Frangoise, Laurent, Mustapha, Pascal, Philippe, Sébastien,
Thierry, Yoann) and none of these corresponded to repeated tests
by the same patient.

2.5. Acoustical analysis

For each name recording, we used the Praat software (Boersma
and Van Heuven, 2001) to extract 17 different acoustic character-
istics traditionally associated with emotional expression (Juslin
and Laukka, 2002).

Voice is produced when the expiratory airflow from the lungs,
generated by thoracic and abdominal muscles, travels through
the glottis and sets the vocal folds of the larynx into oscillations
(for a review, see (Arias et al., 2021). Changes in sub-glottal pres-
sure primarily lead to modulations of voice intensity. For instance,
happy, aroused voices are typically faster and louder than calm,
sad voices (Ilie and Thompson, 2006). Here, we quantify variations
of intensity across recordings using (1) utterance duration (how
fast or slow the name is pronounced, which is also confounded
here with how short or long the name is) and (2) root-mean-
square (RMS) intensity (how loud or calm the voice is).

Changes in the oscillatory properties of the vocal folds, such as
their length and opening, are controlled by the laryngeal muscles
and lead to modulations of vocal FO, or pitch (how low or high
the voice sounds). For instance, low or high average pitch may cor-
respond e.g. to voices with negative or positive emotional valence
(Ilie and Thompson, 2006), but larger pitch variations may also dif-
ferentiate e.g. fearful vs sad vocalizations (Pell et al., 2011) and
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local intonations at the start or end of an utterance can also be
found in surprised or assertive speech (Jiang and Pell, 2017). Here,
we quantify variations of pitch across recordings using the record-
ing’s (3) average fundamental frequency in Hertz (Hz), as well its
(4) maximum, (5) minimum and (6) standard deviation.

Finally, increased airflow, such as in cries or anger shouts, but
also altered neurological (vagal) control over the laryngeal muscles
such as in stress or anxiety, may drive the vocal folds into non-
linear/chaotic oscillatory regimes which result in alterations of
sound quality such as roughness, noisiness or breathiness. Such
modulations of vocal source quality are important in emotional
behaviors (Gobl and Ni Chasaide, 2010); Johnstone and Scherer,
1999) and are known, in listeners, to trigger prioritized sensory
processing and an increased involvement of subcortical structures
such as the amygdala (Arnal et al., 2015). Here, we quantify varia-
tions of vocal source quality across recordings using four (7-10)
standardized measures of pitch perturbation quotient (jitter, mea-
sured as the % amount of frequency modulation of the fundamental
frequency (Boersma and Van Heuven, 2001), five (11-15) stan-
dardized measures of amplitude perturbation quotient (shimmer,
measured as the % amount of amplitude modulations of the funda-
mental frequency), and two (16-17) measures of harmonic-to-
noise ratio (HNR, corresponding to the % amount of additive noise
or breathiness in the voice). Each of the 17 characteristics extracted
here contributed one (averaged) value per recording.

In addition to these 17 averaged characteristics, we also com-
puted dynamic pitch profiles for each recording by calculating
instantaneous pitch and RMS (i.e. loudness) values on successive
10 ms windows within a recording (for pitch, using the Sawtooth
Waveform Inspired Pitch Estimator (SWIPE) technique -
(Camacho and Harris, 2008) - and averaging these values at 8
regularly-spaced time points within the recording (every succes-
sive 103 ms on average). The resulting pitch and RMS profiles
describe the prosody of the utterance, and allows to separate e.g.
names pronounced with similar mean pitch by with rising vs fall-
ing intonations.

2.6. Classification image analysis

To test for a statistical association between the prosody of each
name and the presence and latency of a resulting P300 response,
we used the data-driven technique of “classification images”
(Murray, 2011). The classification image technique reconstructs,
from the data, what configuration of a stimulus is optimal to gen-
erate an outcome (“what dynamic pitch and RMS profile of an
own-name recording is optimal to reduce Cz latency” or “to obtain
a present or absent P300”).

In more details, to compute the classification image (optimal
prosody) corresponding to the presence or absence of a P300 (bi-
nary variable), we z-scored the individual pitch profile p and
RMS profile r of each stimulus; averaged the z-scored profiles of
patients in the P300-positive group, weighted by the relative pro-
portion of the group (0.44); and subtracted the sum of the z-scored
pitch profile of patients in the low-latency group, weighted by the
relative proportion of the group (0.56).

Similarly, to compute the classification image corresponding to
an early/late P300 latency (continuous variable), we separated the
P300-positive patient group into high and low-latency groups
based on a mean-cut (Fz: M = 367.2 ms; Cz: M = 361.7 ms; Pz:
M = 363.2 ms); z-scored the individual pitch profile p and RMS pro-
file r of each stimulus; averaged the z-scored pitch and RMS pro-
files of patients in the low-latency group and we subtracted the
sum of the z-scored pitch profile of patients in the high-latency
group. This procedure was the same as Ponsot et al. (2018) and
Goupil et al. (2021).
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In both cases, the resulting classification image is a pitch and
RMS profile p* and r* which have the same format as each individ-
ual’s stimulus (i.e., each, a 8-point vector), with a distribution of
values around the mean at each time-point with degree of freedom
d = 109 (Fig. 1). We tested the significance of the classification
image with a one-sample t-test difference to zero, at each time-
point (see e.g. Ponsot et al., 2018).

2.7. Distance to optimal prosody

Finally, to compute the distance between a given name’s pitch
and RMS profiles p and r and the group’s classification image p*
and r*, we computed the average Pearson’s correlation coefficient
d= 1 * (corr(p,p*) + corr(r,r*)).

3. Results
3.1. Characteristics of the cohort

Main DOC etiologies for this cohort were anoxia (Lyon: N = 26,
19.6%; Paris: N = 27, 22.6%), traumatic Brain Injury (TBI) (Lyon:
N = 42, 31.8%; Paris: N = 18, 15.1%), stroke (Lyon: N = 10, 7.5%;
Paris: N = 16, 13.4%), subarachnoid hemorrhage (Lyon: N = 21,
15.9%; Paris: N = 17, 14.2%), and non-TBI intracerebral hemorrhage
(Lyon: N = 12, 9.0%; Paris: N = 24, 20.1%).

Of the N = 251 patients in the cohort, N = 110 (43.8%) had a pos-
itive own-name P300 response (with latencies: Fz: M = 367.2 ms,
SD = 81.7 ms; Czz M = 361.7 ms, SD = 84.5 ms; Pz:
M = 363.2 ms, SD = 85.2 ms). Note that of these 110 patients with
measures of P300 latencies, 19 had missing values (ie. no identifi-
able P300 response) at the Fz site, 1 at Cz and 4 at Pz. These char-
acteristics are summarized in Table 1.
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Table 1
Clinical and neurophysiological characteristics of the cohort and acoustics character-
istics of audio recordings analyzed.

Whole cohort, n 251
From Paris center, n 119
From Lyon center, n 132
Male, n 160
Disorders of consciousness etiologies

Anoxia, n (%) 53 (21%)
Traumatic brain injury, n (%) 0 (24%)
Stroke, n (%) 26 (10%)
Subarachnoid hemorrhage, n (%) 38 (15%)
Non-TBI intracerebral hemorrhage, n (%) 36 (14%)
Others, n (%) 38 (15%)

P300 positive group, n 110

P300 Median latency on Fz, (SD), ms 367.2 (81.7)
P300 Median latency on Cz, (SD), ms 361.7 (84.5)
P300 Median latency on Pz, (SD), ms 363.2 (85.2)
Audio recordings available, n 623

Audio recordings used for DOC assessment 153

Female voice 149
Recording duration, mean (SD), ms 825 (151)
Mean pitch, Hertz (SD) 269.2 (38.4)
Mean Jitter (%) 1.69

Mean shimmer (%) 741

Mean HNR (dB) 17.6

SD: Standard Deviation; ms: millisecond; HNR: harmonic-to-noise ratio; dB:
decibel.

3.2. Acoustic characteristics of the name dataset

Average acoustic characteristics for the 153 recorded names
were within the range of normal, non-pathological speech (pitch:
M = 269.2 Hz, SD = 38.4 Hz; jitter: M = 1.69%; shimmer:
M = 7.41%; HNR: M = 17.6 dB). Although the number of recordings
by male speakers was very small (N = 4 /153), there were well-
expected differences between recordings made by male and female
speakers (Titze, 2000): names pronounced by male speakers were
pronounced with lower pitch (M = -144.5 Hz), more jitter/rough-

RMS Classification Images
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Fig. 1. Optimal pitch and RMS prosody to decrease P300 latency. Left: Pitch classification images for P300 latency on Fz, Cz and Pz. Pitch is calculated at 8 regularly-spaced
time points within each own-name recording, and correlated to the latency of the P300 response in Fz (blue), Cz (red) and Pz (green). Recordings with ascendant pitch profile,
notably at the end of the recording were associated to the shortest P300 latencies. Right: RMS classification images. RMS is calculated at 8 regularly-spaced time points within
the recording, and correlated to the latency of the P300 response in Fz (blue), Cz (red) and Pz (green). Recordings with an arching RMS profile were associated to the shortest

P300 latencies. RMS: root-mean-square; AU: Arbitrary Unit.
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ness (M=+1.40%), more shimmer/roughness (M=+10.3%) and less
harmonicity (M = -79 dB).

Less predictably, there were also systematic differences in how
the female majority of speakers pronounced male and female first
names, with male names (n = 84/149) being pronounced with less
harmonicity (HNR: M = -1.40 dB; t(146) = -2.87, p = .004, corrected
alpha = 0.0025; a voice with less harmonicity appears more noisy
and breathy) than female names (n = 65/149), as well as marginally
more shimmer (M=+0.74 dB, t(146) = 1.95, p = .053; a voice with
more shimmer appears coarse, rough or aroused). While these dif-
ferences may suggest that female caregivers address male and
female patients with different attitudes, we think it plausible that
they also, and perhaps primarily, reflect phonetic and morpholog-
ical differences between male and female first names (e.g. in the
English language, names beginning with a voiced sound - Brian,
David, Gregory - are given more frequently to males, and names
beginning with unvoiced sounds - Carol, Chelsea, Fiona - more fre-
quently to females; (Slepian and Galinsky, 2016).

Beyond average characteristics, the prosody within each name
recording (i.e. pitch and RMS dynamic profiles) was also highly
dynamic (repeated-measure mixed ANOVA: main effect of time
on z-scored pitch: F(7,1050) = 37.5, p < .001; on z-scored RMS: F
(7,1050) = 84.3, p < .001), and arbitrary. In particular, neither did
pitch nor RMS prosody differ between male and female first names
(interaction time x patient sex on z-scored pitch: F
(14,1050) = 1.02, p = .42; z-scored RMS: F(14,1050) = 0.94, p = .51).

On the whole, all such differences, which are arbitrary with
respect to a patient’s medical condition, highlight that ERP with
own-name stimuli are not auditorily equivalent from patient to
patient (some of them should be more alerting due to their acous-
tic differences). In the following, we therefore test whether such
acoustic differences have systematic consequences on electrophys-
iological measures.

3.3. Association between time-averaged acoustic characteristics and
electrophysiological measures

We found no statistical association between the time-averaged
acoustic characteristics of each name and the P300 measures of the
corresponding patients. First, to test for associations with mea-
sured P300 latency in the P300-positive group (N = 110), we con-
ducted separate ordinary least-square (OLS) linear regressions of
Fz, Cz and Pz latencies on each characteristic, Bonferroni-
corrected for the number of characteristics (20; corrected
alpha = 0.0025). None of the characteristics (incl. e.g. durations of
the first name recordings, on Cz latency: R®> = 0.003, t(108) = -
0.51, p = .60) were significant regressors of latency at either elec-
trode (all ps > 0.23).

Second, to test for associations with the presence/absence of a
SON P300 response, we conducted separate two-sample t-tests
comparing the distribution of each characteristic between the
P300 positive (N = 110) and negative (N = 141) groups. None of
the characteristics differed statistically between the names of the
P3-positive patients and the names of P300-negative patients at
the corrected level (all ps > 0.03; best, mean RMS: t(249) = 2.06,
p =.039).

3.4. Association between time-varying prosody and
electrophysiological measures

We did find retrospective evidence of an association between
the time-varying prosody of each name with P300 latencies. Using
the data-driven technique of classification images (Murray, 2011),
we reconstructed, from the data, what dynamic pitch and RMS pro-
file of an own-name recording is optimal to generate an early,
rather than a late, P300 latency (see section I1.6). The optimal pro-
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sody had an increasing pitch profile, with significantly positive
coefficients at the end of the names for the Fz (segment 7: t
(109) = 1.75, p = .083; segment 8: t(109) = 2.20, p = 0.03), Cz (seg-
ment8: t(109) = 2.50, p = .013) and Pz electrodes (segment 8: t
(109) = 2.78, p = .0065). It also had an arching RMS profile, peaking
in the middle of the word (Fz: t(109) = 1.81, p = .07; Cz: t
(109) = 1.95, p = .05; Pz: t(109) = 1.74, p = .08), albeit non statisti-
cally (Fig. 1).

To quantify the effect of this optimal prosody on P300 latency,
we ranked all N = 110 P300-positive stimuli by increasing correla-
tion of their individual pitch profile to the Cz classification image,
and found that P300 latency on Cz significantly decreased with
increasing correlation to the optimal prosody (OLS regression:
coef = -56.7, R?> = 0.043, t(108) = -2.19, p = .03, Fig. 2). P300-
positive patients whose first names happened to be pronounced
with increasing pitch and arching RMS prosody had P300
responses that were + 66.13 ms (95% CI [6.36 ms; 125.90 ms]) ear-
lier than patients whose names had a decreasing prosody.

Contrary to latency classification images, pitch and RMS classi-
fication images corresponding to the classification of name proso-
dies into P300-positive (N = 110) and P300-negative patients
(N = 141) were non-significantly different from zero.

In summary, there was no evidence in our data that the prosody
of own-name was related to the presence or absence of P300. How-
ever, when P300 was present, the prosody was related to P300
latency.

4. Discussion

Electrophysiological responses to audio recordings of a patient’s
own name are an important part of prognosis evaluation in disor-
ders of consciousness (André-Obadia et al., 2018; Fischer et al.,
2008). Yet, no general guidelines specify how own-name stimuli
should be pronounced when recorded, and large acoustic differ-
ences are likely to exist between the stimuli used for different
patient names, arbitrarily with respect to a patient’s clinical condi-
tion. Using a data-driven reverse-correlation analysis on a cohort of
251 retrospective coma patients tested at two centers in Lyon and
Paris (France), we showed here that difference in the prosody of
recorded names (i.e. whether names were pronounced with a ris-
ing or falling intonation) correlate with differences in P300 laten-
cies of 66.13 ms (95% CI [6.36 ms, 125.90 ms]) among patients
for whom these responses were observed. This association
appeared despite the huge variability between patient conditions
(two databases with various DOC etiologies, various delays
between the onset of DOC and the neurophysiological assessment,
etc.), and some overlap due to namesakes.

The fact that rising intonations were associated with earlier
P300 responses is coherent with a wealth of speech production
data showing that pitch intonation is an important cue in vocal
communication. First, rising pitch is more salient (Gordon and
Poeppel, 2002), associated with questions versus declaratives sen-
tences. In Goupil et al. (2021), rising prosodies associated with
unreliable utterances were found to be automatically processed
to influence words working. Rising pitch is also more affiliative,
e.g. associated with trustworthiness (Ponsot et al., 2018). On the
contrary, falling pitch correspond to a default speech production
mode (a natural consequence of the decrease in subglottal air pres-
sure during the exhalation phase of breathing (Gussenhoven,
2002), which could be judged as less pertinent for the subject. It
is therefore striking that a similar pattern (Fig. 1) emerges from
our data in a purely data-driven manner, without making any a pri-
ori hypothesis (other than choosing pitch and RMS as parameters
of prosody).
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Fig. 2. Correlation between individual P300 recordings and « optimal » prosody profile on Cz to generate a reduced P300 latency. (A) Correlation of each Cz latency of P300
positive recordings on the optimal prosody profile. Optimal prosody profile was defined as the prosody who was associated to short P300 latencies according to the data-
driven analyze. Three patients are colored (‘Sandrine’ in red, ‘Jean-Pierre’ in orange and ‘Domingos’ in blue). (B) Normalized pitch and rms of the three first-names recordings
used to elicit a P300 response in the three colored patients on the panel A. Each recording has a different pitch intonation. (C) P300 and N1 waveforms of the three colored
patients identified on panels (A) and (B). For each panel, the pre-stimulus period (100 ms), stimulus (red-line) and the post-stimulus period (600 ms) are displayed.
Recordings were performed on Fz, Cz, Pz and linked-mastoids electrodes, all being referred to the nose (Nz). On top: The three stimulations series superimposed; On the
bottom: Average of the three stimulations series. RMS: root-mean-square; ms: millisecond; sec: second; Nz: Nose.
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More generally, the fact that own-name prosody is associated
with variations of P300 latency is consistent with a wealth of cog-
nitive neuroscience research on healthy participants showing that
cognitive ERP are modulated by the acoustic characteristics of the
stimuli. It is for instance widely established that the occurrence of
a MMN (Horvath et al., 2008) increases, and its latency decreases,
with greater separation between the standard and the deviant
sounds in pitch (Horvath et al., 2008; Nddtinen et al., 1982;
Pakarinen et al., 2007), duration (Nddtdnen et al., 2004) or intensity
(Schroger and Winkler, 1995). Similarly, in three-stimulus P300
paradigms, P300 latency for the non-target stimulus tones is
shorter when their pitch deviates more strongly from standard
tones (Katayama and Polich, 1998). Beyond mean pitch, the emo-
tional content of stimuli modulates MMN, for example, modula-
tions of emotional tone of a violin elicited MMN (Goydke et al.,
2004) and, for vocal stimuli, modulation of the emotional charac-
teristics of the vowel “a” - anger, fear, happiness, surprise, disgust
or sadness - elicited MMN in healthy subjects and autism spectrum
disorder patients (Charpentier et al., 2018). Processing the expres-
sive changes of a human voice is also different whether the speaker
voice was familiar or not in awake healthy subjects: larger ampli-
tude in the late phase of P300 response with the own-name uttered
by a familiar voice (Holeckova et al., 2008, 2006) and 46 ms MMN
onset latency difference between familiar and non-familiar voices
in Rachman, Dubal and Aucouturier (2019). It is therefore unsur-
prising that variations in the dynamic pitch and RMS profile of
stimuli, although these had never been specifically tested in the
previous literature, should be associated, here, with variations of
latency of several 10 s of ms.

Finding an association of own-name prosody with P300 latency
in DOC patients has important implications for clinical practice.
While the occurrence of a P300 response is the clinical criteria
for prognosis (Cavinato et al, 2009; Daltrozzo et al., 2007;
Fischer et al., 2008), latency is also relevant because its variability
can mislead the practitioner in its interpretation of the presence /
absence of the response. In healthy participants, Barry et al d(2020)
described the P300/Late Positive Complex (LPC) with temporal
principal components analysis (PCA), found that P3a, P3b, novelty
P3 and a positive slow wave appeared in that order, and that the
novelty P3, or nP3 (peaking between 360-450 ms) was the only
component significantly affected by the change stimulus (Barry
et al., 2020). In DOC patients however this latency can be unusually
delayed (Fischer et al., 2010) and clinical recommendations do not
typically attempt to separate P300 sub-components (André-Obadia
et al,, 2018). Thus, in clinical practice, it's mainly the detection of a
positive wave in a compatible temporal window which drives the
decision of “P300 present versus P300 absent”, and late peaks may
be rejected as irrelevant. Our work shows that it is therefore
important to standardize and optimize the prosody of own-name
recordings to improve testing reproducibility.

Because of its retrospective design, our study has some limita-
tions. First, due to missing values, and the relatively small size of
the cohort, we couldn’t test for interactions with patient etiologies,
or time spent since the onset of DOC. Further work could also test
for effects of voice timbre, e.g. whether responses are facilitated by
female/male voices, or by voices that are familiar or not to the
patient (Bekinschtein et al., 2004; Holeckova et al, 2006;
Machado et al., 2007), and voice emotion, e.g. whether responses
are facilitated by smiling, positive voices (Arias et al., 2018). Sec-
ond, in current practice, the P300 own-name protocol is performed
with recording electrodes at Fz, Cz and Pz sites and linked mastoids
(André-Obadia et al., 2018). However, fundamental research
demonstrated that pitch contours are encoded in the superior tem-
poral gyrus (Hamilton et al., 2018; Tang et al., 2017; Yi et al., 2019).
It should be interesting to investigate the effects of these prosody
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differences with a larger set of recording electrodes to improve the
spatial resolution of these acquisitions.

After using this retrospective analysis to let the prosodic pat-
terns of Fig. 1 emerge from the data, the logical next step of this
work will be to confirm results in a prospective study where new
patients will be evaluated with the two versions of their own name
(one corresponding to Fig. 1, and the other corresponding to its
mathematical opposite). In this future study, presence and charac-
teristics of the P300 responses could be compared within-subject.
The prosodic pattern found here may also end up as guidelines for
recording new stimuli, by training staff to pronounce names with
optimal intonations or, more practically, by providing a web ser-
vice able to synthesize new stimuli, on demand, with the optimal
intonation characteristics (Burred et al., 2019).
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