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Abstract

Purpose of Review Diagnostic classification of patients with disorders of consciousness (DoC) is based on clinician’s observation
of volitional behaviours. However, patients’ caregivers often report higher levels of responsiveness with respect to those observed
during the clinical assessment. Thus, increasing efforts have been aimed at comprehending the effects of self-referential and
emotional stimuli on patients’ responsiveness. Here we systematically reviewed the original experimental studies that compared
behavioural and electrophysiological responses with salient vs. neutral material in patients in vegetative state/unresponsive
wakefulness syndrome or in minimally conscious state.

Recent Findings Most of the reviewed studies showed that salient stimuli (i.e. patient’s own or familiar faces, patient’s own name,
and familiar voices) seem to elicit a higher amount of behavioural or electrophysiological responses with respect to neutral
pictures or sounds. Importantly, a quite high percentage of patients seem to respond to salient stimuli only.

Summary The present review could foster use of personally salient stimuli in assessing DoC. However, the low overall quality of
evidence and some limitations in the general reviewing process might induce caution in transferring these suggestions into
clinical practice.

Keywords Disorders of consciousness - Vegetative state - Minimally conscious state - Clinical evaluation - Saliency-self-related
stimuli

Introduction disorders of consciousness (DoC) [1¢¢], spontancous eye-

opening in the lack of any sign of awareness defines vegeta-

After severe diffuse (e.g. anoxic) or multifocal (e.g. traumatic,
vascular) brain injuries, patients may remain in an altered state
of consciousness for weeks or longer. In such prolonged
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tive state/unresponsive wakefulness syndrome (VS/UWS) [2,
3]. Inconsistent appearance of minimal but reproducible vol-
untary behaviours clinically classifies patients in minimally
conscious state (MCS) [4].

Since a favourable outcome, namely regaining full con-
sciousness, is more likely to occur for patients in MCS than
for patients in VS/UWS [5], discriminating these clinical con-
ditions accurately is critical for optimizing care pathways [0,
7]. However, to date, diagnostic evaluation of DoC is still a
major challenge, as it rests on clinician’s interpretation of pa-
tients’ possible intentional responses to multisensory stimula-
tion [8]. Moreover, fluctuations in the patients’ level of vigi-
lance and possible sensory-motor and cognitive impairments
[9] might hamper behavioural responses and make actual level
of responsiveness hard to detect. For these reasons, serial
neurobehavioural assessments by standardized scales are
strongly recommended [1¢¢], and the Coma Recovery Scale-
Revised (CRS-R) [10] is one of the most used [11] and accu-
rate [12] of such scales.
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To reduce ambiguity about patients’ conscious awareness,
and to gather feasible and sensitive multimodal measures
supporting clinical evaluation, different approaches have been
proposed. Visual analysis of standard EEG background activ-
ity and reactivity to external stimuli could help in
distinguishing patients in VS/UWS from those in MCS [13].
EEG recorded during an auditory oddball paradigm could
reveal the presence of late cognitive event-related potentials
(ERPs), such as P300 and mismatch negativity, more fre-
quently in MCS than in VS/UWS [14, 15]. Otherwise,
Trojano et al. [16] focused on visual pursuit of moving stimuli,
a critical ability discriminating patients in MCS from patients
in VS/UWS [17, 18]; by means of a computerized eye-
tracking system, the authors found a significant difference in
proportion of on-target and off-target fixations between pa-
tients in VS/UWS or in MCS.

Notwithstanding the diagnostic value of these ap-
proaches, the findings of multimodal formalized assess-
ment might deviate from opinions of patients’ relatives,
who often report a higher level of responsiveness than
that observed by clinicians [19, 20]. This discordance
might reflect a justifiable optimistic bias in patients’ fam-
ily members, but could also be ascribed to a difference in
the modality of interaction with patients. Clinical evalua-
tions employ administration of standard neutral stimuli,
whereas family caregivers ordinarily interact with patients
by calling them by their own name, using their favourite
objects, and referring to shared biographical experience.
This might lead to higher probability of eliciting volun-
tary, non-reflexive behaviours. Indeed, the mere listening
to a familiar voice or expression may result in an envi-
ronmental enrichment able to raise arousal level and grab
patients’ attention [21]. On this basis, some studies intro-
duced self-referential or emotional stimuli in clinical as-
sessment of patients with DoC. For example, in adminis-
tering the CRS-R, Vanhaudenhuyse et al. [22] and Di
et al. [23¢] proposed to use a mirror reflecting patients’
own faces, instead of a light or common objects, to assess
presence of visual pursuit and fixation, respectively.
Likewise, Perrin et al. [24] devised an auditory oddball
paradigm where rare sine tones were replaced with sub-
ject’s own name (SON), whereas frequent sine tones were
replaced with other first names, and observed a clear P300
wave after the SON in 6/6 patients in MCS and in 3/5
patients in VS/UWS. Presenting a similar paradigm to a
sample of patients in MCS, Schnakers et al. [25] recorded
a larger P300 amplitude in a condition of active counting
with respect to passive listening. However, salient mate-
rial with emotional value has been often used in experi-
mental studies and rarely in clinical practice (with some
exceptions; see [10]), and for this reason, its real effec-
tiveness in boosting patients’ responses, compared with
neutral material, is still uncertain.
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Here we systematically reviewed the studies that directly
compared the effect of salient vs. neutral stimuli on the assess-
ment of responsiveness in patients with DoC. By analyzing
the studies’ main features and findings (and possible limita-
tions), our primary aim was to evaluate actual effectiveness of
emotional salient stimuli in eliciting volitional responses, pos-
sibly supporting clinical diagnosis. The secondary aim of the
present review was to identify stimuli’s characteristics that
could potentially support or hinder advantage of using salient
material. We also discussed the possible neural correlates of
this effect.

Methods
Search Strategy

We referred to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines for sys-
tematic literature reviews [26].

An online search was performed on PubMed and Cochrane
Library databases until May 2019 using the following search
terms: “disorders of consciousness” or “DoC” or “vegetative
state” or “unresponsive wakefulness syndrome” or “minimal-
ly conscious state” and “salient” or “saliency” or “affective”
or “emotionally” or “emotional” or “familiar”. The search was
restricted to papers: (i) available in full text; (ii) written in the
English language; (iii) published in peer-reviewed journals;
(iv) involving human participants only. Papers’ references
and a manual search conducted on Google Scholar were fur-
ther sources of articles.

Inclusion Criteria

To be included in the present systematic review, the papers
gathered via systematic search had to meet the following
criteria: (i) reporting results of original experimental studies;
(it) including patients in VS/UWS and/or in MCS; (iii) com-
paring salient vs. neutral material in evaluation of responsive-
ness by means of behavioural or neurophysiological mea-
sures. These criteria were specifically tailored to address the
primary and secondary aims of our review, and did not allow
including functional neuroimaging studies (see below).

Study Selection

The primary search on the different databases provided a total
pool of 1046 results, and further 6 studies were added manu-
ally. After duplicate exclusion, we screened 1044 unique arti-
cles. Out of these, 976 were excluded by checking title and
abstract. We then reviewed the full text of the 68 articles left.
Study selection procedure is reported in Fig. 1 (PRISMA flow
diagram). It is worth underlining that 10 neuroimaging studies
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assessed processing of emotional vs. neutral stimuli, but main-
ly provided information about the neural correlates of emotion
processing in DoC and healthy individuals, without specifi-
cally addressing our primary and secondary aims (differences
in responsiveness to emotional vs. neutral material). For this
reason, the neuroimaging studies were not included in the
review but were considered for discussing its findings.

Data Extraction

The following data were extracted from each selected article:
authors, approach, patient sample, actiology, setting, type of
assessment, comparison, outcome, main findings, potential
biases (Table 1).

Quality Assessment

Two independent judges rated the quality of evidence (QoE)
for each included study through the Grading of
Recommendations, Assessment, Development, and
Evaluation (GRADE) system [27]. In the GRADE system,
randomized controlled trials (RCTs) are assigned the highest
quality rank and observational studies the lowest rank; then,

five factors (risk of bias, inconsistency, indirectness, impreci-
sion, and publication bias) may lead to rating down the quality
of evidence, whereas three factors (large effect, dose response,
residual confounders) may lead to rating it higher [28]. When
the two judges made discordant evaluations, they smoothed
over their divergences until an agreement was reached.
Summary of the GRADE scores is reported in Table 1.

Results
Characteristics of the Included Studies

Ten unique articles met the selection criteria and were includ-
ed in the systematic review (Fig. 1). The study characteristics
are summarized in Table 1 and reported in detail in the
Supplementary material (Online resource).

Eight studies assessed behavioural responses [22, 23,
29-33, 34<] and two studies assessed neurophysiological re-
sponses [35, 36] of patients with DoC. The included studies
were published from 2008 to 2018. All but three studies ([22,
34¢]: only MCS; [36]: only VS/UWS) included patients in
VS/UWS and MCS with different aetiologies, and all studies
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Fig. 1 PRISMA flow diagram of the selected studies. DoC, disorders of consciousness
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recruited patients in the post-acute phase (>4 weeks after
brain injury), except two [22, 34¢] that recruited patients in
both acute and post-acute phases. In all the studies, the diag-
nosis was made according to internationally established diag-
nostic criteria of VS/UWS and MCS [2, 4, 37]. In six studies
[22, 23e, 31, 34e, 35, 36], the authors explicitly declared that
sedative or psychotropic drugs were discontinued during data
collection, whereas in the remaining studies, no indications
about pharmacological treatment were provided. Some studies
employed the whole CRS-R scale [29] or some of its items
([22, 34¢]: visual pursuit; [31]: localization to sound; [23¢]:
visual fixation) to assess behavioural responses. Other studies
used the Wessex Head Injury Matrix (WHIM [38]; [30]: num-
ber of behaviours and best behaviour; [22] and [34¢]: person
and object tracking) or the Post-Coma Scale (PCS [39]; [29]:
total score). Trojano et al. [32, 33] performed a quantitative
analysis of eye fixations during visual pursuit. Finally,
Cavinato et al. [35] and Del Giudice et al. [36] recorded
EEG during an auditory oddball task and investigated pres-
ence of ERPs and alpha desynchronization, respectively.

Quality Evaluation

Cumulative QoE for included studies resulted to be low
(Table 1). No study qualified as RCT or observational, and
nonetheless, we assigned high-quality ratings to all reviewed
studies as a starting point. However, we had to downgrade
most studies because of severe risk of bias and imprecision
(n=4)[29, 30, 33, 36], because of severe risk of bias (n=1)
[35] or because of minor risk of bias (n=3) [22, 31, 32, 34e].
Even if Trojano et al.’s study [32] also suffered from impreci-
sion, it reported a large magnitude effect despite the small
sample size. For Di et al. [23¢], we did not find any critical
methodological issue.

In summary, out of 10 reviewed studies, 1 was judged to be
a high-quality study, 4 were judged of moderate quality, 1 was
judged of low quality, and 4 of very low quality.

Discussion

Here we aimed at systematically reviewing current literature
on the effectiveness of emotionally salient and self-referential
stimuli (compared with neutral stimuli) in boosting responses
in VS/UWS and MCS. We gathered ten experimental studies
that directly compared behavioural or neurophysiological ef-
fects of salient and neutral material. The overall quality of
evidence was judged to be low.

Vanhaudenhuyse et al. [22] and (partially) Thonnard et al.
[34¢] demonstrated that a mirror is more effective than a neu-
tral object or than a moving person in eliciting visual pursuit;
indeed, 29% and 26% respectively of patients in MCS tracked
the mirror only. Similarly, Di et al. [23¢] reported that 35%

@ Springer

patients in MCS responded to a mirror, rather than to a ball
and to a light, when visual fixation was assessed. These find-
ings are consistent with recent evidence showing that self-
referential stimuli, such as the mirror and one’s own face,
are harder to neglect than other familiar faces in healthy sub-
jects [40]. For instance, presentation of own face could cause a
temporary shift of attention [41] and elicit earlier and wider
P300 responses [42] with respect to familiar or unknown
faces. Similar attentional facilitation has also been observed
toward familiar faces, when compared with unfamiliar faces
[43]. In this regard, by means of an eye-tracking system,
Trojano et al. [32] found that a high proportion of patients in
MCS exhibited more accurate visual pursuit when presented
with their relatives’ faces, compared with neutral stimuli. A
further quantitative assessment of eye movements [33] report-
ed a similar enhancement of visual pursuit accuracy during
observation of own face or unfamiliar faces, compared with
aneutral shape, in patients in MCS with high-level behaviour-
al responses (MCS plus [44]). These observations seem to
suggest that human faces in general definitely represent one
of the most salient class of stimuli for both healthy individuals
[41] and patients with DoC [32, 33]. Indeed, neuroimaging
studies found that even some patients in VS/UWS, as well as
healthy individuals, can show cortical activation in the right
fusiform gyrus including the fusiform face area (FFA) [45,
46], and in anterior insula, and in the amygdala [47] during
passive viewing of their own or familiar faces compared with
unfamiliar faces or scrambled pictures. Presence of activity in
FFA, a brain region in extrastriate cortex playing a widely
accepted key-role in human face processing [48, 49], would
mean that some patients clinically classified as in VS/UWS
could be able not only to perceive primary features of visual
stimuli such as the shape or the colour but also to process their
content. Additionally, spread of this activation in the anterior
insula and in the amygdala, two major nodes in the saliency
neural network [50, 51], could allow merging emotional attri-
butes of familiar faces into somatic interoceptive representa-
tions [47]. However, the activation of FFA, anterior insula,
and the amygdala related to emotional and self-relevant fea-
tures of human faces does not necessarily imply conscious
processing in VS/UWS patients. Indeed, observation of pic-
tures of relatives or friends would determine additional acti-
vation of a large-scale network including the occipital, parie-
tal, temporal, prefrontal, and orbitofrontal cortices in most
patients in MCS as in healthy individuals [52].
Notwithstanding the behavioural evidence of enhanced visual
responses to the mirror or to pictures of human faces in DoC
patients, it should be considered that these two kinds of stimuli
are not equivalent. Indeed, when visual pursuit in response to
mirror and to pictures of own or familiar faces was compared
significantly, more patients in MCS tracked the mirror than the
pictures, whereas no differences emerged between the two
static face pictures [53]. The dynamic quality of one’s own
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face reflected in a mirror might provide, as compared with
static human faces, additional information able to improve
stimulus’s saliency and to further enhance attentional focusing
[54]. Future studies should take into account this issue.

A similar explanation could also account for the advantage
toward the patient’s own name reported by Cheng et al.’s
study [31], in which a high percentage (45%) of patients lo-
calized the sound only when patient’s proper name (instead of
a ringing bell) was acoustically presented. One’s own name is
also a very salient stimulus, automatically catching attention.
This phenomenon has been formalized in the early 1950s as
the “cocktail party effect” [55] in healthy individuals and can
be observed also in conditions of reduced arousal and aware-
ness (sleep [56] and anaesthesia [57]). In DoC, the patient’s
own name (vs. other names or words) seems to elicit neural
activity in regions believed to process self-related information,
such as the precuneus and the anterior cingulate cortex
[58-60], even if to a lesser degree compared with healthy
individuals. These same brain regions, as well as the anterior
insula and the amygdala, seem to be activated also by listening
to familiar voices (vs. unfamiliar voices [59-61]), emotional
sounds (vs. neutral [62]), or pain-related sounds (vs. neutral
[63]). Despite neuroimaging studies revealed an activation of
self-related brain areas by salient auditory stimuli such as the
own name or a familiar voice, results from the neurophysio-
logical studies included in this review did not totally agree
with behavioural findings. Indeed, Cavinato et al. [35] found
that P300 amplitude did not significantly differ when the pa-
tients heard their own names rather than sine tones during an
active oddball paradigm, whereas P300 latency was delayed
in response to own name or other names compared with sine
tones, but only for patients in MCS. The authors argued that
the increased P300 latency as a function of the stimulus com-
plexity could reflect language processing, or could be related
to different stimuli’s duration (longer for the names with re-
spect to the tones [35]). Moreover, in their study, Del Giudice
et al. [36] reported conflicting results in the two patients who
showed changes in alpha desynchronization after hearing a
familiar voice compared with an unfamiliar voice. The incon-
sistency between results from behavioural and neurophysio-
logical studies could likely be related to the difficulty in
collecting good-quality EEG recordings in patients with
DoC [36] and to differences in the experimental paradigms.
Cheng et al. [31] investigated localization to sound uttering
patient’s name for a maximum of 4 times (2 for each side),
whereas Cavinato et al. [35] averaged responses from 40 pre-
sentations of patients’ own name, and Del Giudice et al. [36]
used a total of 234 repetitions in which either patients’ own
name or other names were pronounced by familiar or unfamil-
iar voices. Although own name is a powerful stimulus, its
effect on attention seems to be very sensitive to the number
of presentations: when trials are repeated many times, the
stimulus itself becomes less salient and its effect disappears

in healthy individuals [64, 65]. The same could apply to the
potential facilitatory effect of a familiar voice, as well.
Moreover, it should be considered that more trials mean lon-
ger duration of the task and patients with DoC are very sus-
ceptible to arousal fluctuations and fatigue that might hinder
changes of responsiveness. Fatigue should always be taken
into account since a certain number of patients can paradoxi-
cally respond to neutral but not to salient stimulation when the
salient stimulus is presented as the last one [22, 23, 31] (see
Supplementary material). Therefore, randomization or
counter-balancing of trials seems to be mandatory in evalua-
tion of patients with DoC.

Enriching environment by allowing patients to see familiar
faces and hearing their own name uttered by a familiar voice
[29] or by using familiar objects with an affective valence
during assessment [30] provided promising results also when
a whole clinical scale, rather than a single item, was adminis-
tered. Indeed, the use of personally or emotionally salient
stimuli had a relevant impact on the evaluation of outcome,
compared with not relevant stimuli, and led to an increase in
responsiveness in a relevant percentage of patients. This per-
centage (approximatively 35%) is close to the rate of misdi-
agnosis reported in previous investigations (30—40%) [8, 9,
66]. Importantly, in the reviewed studies, the facilitatory effect
of personally salient stimuli seemed to be independent from
patients’ features, such as age, aetiology, and time from injury.
However, these conclusions should be regarded with caution,
since the overall methodological quality of the reviewed stud-
ies tended to be low, primarily due to lack of adequate ran-
domization and blinding procedures. Since nowadays
assessing level of consciousness is completely based on the
clinical experience of the examiner, it is mandatory that future
studies on this topic have a rigorous experimental control.
Nevertheless, we believe that certain studies included in this
review should receive more attention. Indeed, after
Vanhaudenhuyse et al. [22], the use of a mirror for assessing
visual pursuit has become part of common practice, but the
same does not apply to the use of a mirror in the assessment of
visual fixation or to the use of the patient’s own name in the
assessment of localization to sound, notwithstanding the stud-
ies by Di et al. [23¢] and Cheng et al. [31] with high and
moderate methodological quality, respectively.

This review has some limitations. First, we included ten
papers, whereas we could not consider further studies that
assessed the effect of emotional stimuli in patients with DoC
because of the lack of adequate control task. For example,
albeit a certain number of neurophysiological studies [24,
25, 67-70] used both salient and neutral material to investigate
ERPs in patients with DoC, they compared responses with
two kinds of stimuli in oddball paradigms where salient stim-
uli were always the rare stimuli and neutral stimuli were al-
ways frequent. Therefore, in these cases, the findings could
reflect differences in the proportion of the two kinds of stimuli
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and could not be ascribed to their content unambiguously.
Riganello et al.’s study [71] also lacked an appropriate control
task as it assessed variation in heart rate variability during
listening to positively or negatively valenced music, compared
with silence. Second, we could not include neuroimaging
studies in our review since they provided information about
which brain areas are activated by emotional and self-related
stimuli and whether this activation could be also observed in
patients with DoC, but they did not specifically compare ef-
fectiveness of salient vs. neutral material in eliciting patients’
responses. Last, we could not explore the possibility that the
included studies suffered from inconsistency (under-reporting
of non-significant results) or publication bias (unpublished
studies), since we complied with the GRADE guidelines using
a single-study approach.

Conclusions

Current literature on the use of emotional and self-referential
stimuli compared with neutral stimuli suggested that present-
ing own or familiar faces and own name or familiar voices
could augment behavioural or electrophysiological responses
in patients with DoC. However, the limited number of includ-
ed studies and several methodological issues make it difficult
to provide reliable recommendations. Further studies with
strict experimental precision and larger sample sizes are need-
ed to address this issue.
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