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a b s t r a c t
bacKGround: family caregivers (fc) contribute to reducing the misdiagnosis rate in patients with disorders of consciousness (doc). 
unfortunately, the recent pandemic of coVid-19 imposed drastic restrictions that limited the access of fc to the sensory/cognitive stimulation 
protocols. telemedicine approaches have been implemented to avoid discontinuity in care pathways and to ensure caregivers involvement in 
rehabilitation programs.
aiM: the aim was to investigate whether the presence of fc remotely connected might help clinicians in eliciting higher cortically mediated 
behavioral responses in patients with doc.
dEsiGn: cross-sectional study.
sEttinG: post-acute unit of neurorehabilitation.
population: doc due to severe brain injury.
MEthods: consecutive patients with doc were assessed by means of the coma recovery scale-revised (crs-r) by two expert examiners. 
Each patient underwent to five assessments in two weeks in three different conditions: 1) by the examiner only (standard); 2) with the verbal 
stimulation given by the FC remotely connected by PC tablet (caregiver in remote); and 3) with the verbal stimulation given by the FC physically 
present (caregiver in presence).
RESULTS: Thirty patients with DOC (VS/UWS=10; MCS=20; mean age: 51, range: 21-79; vascular: 16; anoxic: 6; TBI=8) and their FC were 
enrolled. higher total scores of crs-r were recorded both in “caregiver in remote” and in “caregiver in presence” than in standard condition 
(standard vs. remote, Z=2.942, P=0.003; standard vs. presence, Z=3.736, p<0.001). furthermore, the administration of the crs-r with a fc, 
elicited higher levels of behavioral responses in Mcs patients, than crs-r performed in standard condition. in particular, 2 patients out of 
30 (6.66%) showed higher scores and better diagnosis when the CRS-R was administered with FC in remote. Similarly, 5 out of 30 patients 
(16.66%) showed better diagnoses when the crs-r was administered with fc in presence. five patients changed diagnosis between standard 
and presence conditions (3 MCS- were diagnosed as MCS+; 2 MCS+ were diagnosed as conscious).
CONCLUSIONS: Our findings add new evidence regarding the beneficial role of family members in the diagnosis of DOC, even mediated by 
telemedicine approach.
clinical rEhabilitation iMpact: in future guidelines, fc should have an active and supporting role in the diagnostic and rehabilitative 
process of doc.
(Cite this article as: Moretta p, femiano c, cavallo nd, lanzillo a, luciano f, ferrante c, et al. family caregivers improve the diagnostic accu-
racy of disorders of consciousness: from remote to near-bed auditory stimulation. Eur J Phys Retail Med 2024;60:198-206. DOI: 10.23736/S1973-
9087.24.08179-6)
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the assessment of the level of consciousness performed by 
means of the crs-r in presence of the family caregivers 
remotely connected or physically present, could enhance 
diagnostic accuracy compared to the crs-r assessment 
performed by the examiner alone.

Materials and methods
Participants

We enrolled consecutive patients admitted in the post-
acute phase to the neurorehabilitation unit for disorders 
of Consciousness of Istituti Clinici Scientifici Maugeri 
irccs, institute of telese terme (telese terme, italy), 
from september 2021 to december 2022. all patients had 
a clinical diagnosis of vegetative state/unresponsive wake-
fulness syndrome (Vs/uWs) or of minimally conscious 
state (Mcs) due to sabi of different etiology (traumatic 
and non-traumatic) satisfying the following inclusion cri-
teria: established diagnosis of Vs/uWs or Mcs accord-
ing to international criteria;16 lack of severe organ insuf-
ficiency or acute illness (Supplementary Digital Material 
1: supplementary figure 1). patients were excluded if they 
had neurodegenerative or psychiatric diseases, or for the 
lack of a family caregiver available to participate in the 
study. patients underwent the examinations in absence of 
infections or acute clinical complications. the informed 
consent was obtained from all patients’ legally authorized 
representatives and informal caregivers. the study was 
conducted after approval by the local Ethic committee 
(istituto nazionale tumori fondazione pascale, naples, 
Italy; with reference number ICS 8/21) and according to 
the Helsinki declaration. The data associated with the pa-
per are not publicly available but are available from the 
corresponding author on reasonable request.

Procedures

all patients were assessed by means of the coma recov-
ery scale-revised1, 17 by two expert examiners who were 
blind to the aims and hypothesis of the study.

Each patient was enrolled at least one month after ad-
mission in Neurorehabilitation Unit and was assessed five 
times in two consecutive weeks. Each assessment was per-
formed in three different conditions (3 conditions × 5 as-
sessments): 1) crs-r administered by the examiner alone 
(standard); 2) CRS-R administered by the examiner in 
presence of family caregiver connected on remote by pc 
tablet (caregiver in remote); and 3) CRS-R administered 
by the examiner in presence of family caregiver (caregiver 
in presence).

the differential diagnosis of disorders of consciousness 
(doc) due to severe acquired brain injury (sabi) of 

different etiology is very challenging for clinicians.1, 2 cur-
rently, the behavioral assessment still represents the gold 
standard in the assessment of doc.3-5 unfortunately, sev-
eral confounding factors, such as extreme motor disabil-
ity, spasticity, diffuse pain and cognitive deficits, arousal 
fluctuations, and iatrogenic effects (antiepileptic, sedative 
drugs, antispastic agents, etc.) may lead to a high rate of 
misdiagnosis.2, 6, 7

the use of validated tools, such as the coma recovery 
scale-revised1 and the application of standardized pro-
tocols4 may enhance diagnostic accuracy. however, the 
CRS-R might have some weaknesses, such as the neutral 
emotional nature of the stimuli used and the marginal role 
of caregivers in the assessment of the patients’ level of 
responsiveness. in recent years, several studies have ad-
dressed this important issue by identifying factors that can 
reduce the rate of misdiagnosis.8, 9 Specifically, a recent 
study demonstrated that the frequent use of crs-r (at least 
5 assessments in 2 weeks) allows enhancing diagnostic ac-
curacy.6, 8, 10 in addition, another important factor that may 
lead to an accurate diagnosis is reported to be the presence 
of family caregiver during the assessment, performed by 
using standardized tools.9 in fact, formisano et al. found 
that the presence of family-caregiver allowed obtaining 
higher scores on crs-r, and sattin et al. observed a change 
in diagnosis of doc in 16% of patients by administrating 
crs-r in presence of family caregivers. Moreover, the 
presence of family caregivers has been associated with bet-
ter improvement in patients after sabi.11, 12 therefore, the 
abovementioned studies highlighted the importance of the 
participation of family caregivers in the diagnostic process 
and in rehabilitative programs.6, 8-10, 13 unfortunately, the 
recent pandemic of coVid-19 had a dramatic impact on 
neurorehabilitation of sabi, preventing family caregivers 
from participating in rehabilitation settings.13

the anti-coVid-19 measure drastically affected care-
givers’ participation in rehabilitative programs, limit-
ing their important contribution to the sensory/cognitive 
stimulation protocols. telemedicine approaches have been 
implemented and diffused to avoid discontinuity in care 
pathways and to ensure caregiver involvement in clinical 
and rehabilitation programmes.14, 15

the main aim of the present study was to investigate 
whether the presence of family caregivers remotely con-
nected could elicit more complex behavioral responses in 
patients with doc and lead to increase accuracy of diag-
nostic process of doc. in particular, we aimed to verify if 
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teria were satisfied: auditory score ≤2 and/or visual score 
≤1 and/or motor score ≤2 and/or oromotor/verbal score ≤2 
and/or communication score =0; arousal score ≤2. Patients 
were considered in Mcs if auditory score =3-4 and/or vi-
sual score =2-5 and/or motor =3-5 and/or oromotor/verbal 
=3 and/or communication =1. last, patients were consid-
ered as EMcs if they obtained a motor score of 6 and/or a 
communication score of 2.

Statistical analysis

score distribution and descriptive statistics were used to 
report data from patients and caregivers. categorical vari-
ables were compared by means of the non-parametric χ2 
test. Means and medians were used for continuous vari-
ables. the level of diagnostic agreement of the crs r total 
scores among raters was evaluated by means of the fleiss 
Generalized Kappa test, which determines the reproduc-
ibility of measures.20 Moreover, to assess possible signifi-
cant fluctuations of scores among five sessions of CRS-R 
assessments, we studied the reliability between crs-r to-
tal scores as a function of condition, by means of intraclass 
Correlation Coefficient. Values greater than 0.8 suggest ex-
cellent interobserver agreement.2, 21 to calculate differenc-
es in crs-r total scores between the three conditions of 
the research protocol (standard vs. caregiver in remote vs. 
caregiver in presence) we considered the best performance 
scores obtained among the five assessment sessions for 
each condition. We compared the total scores of crs-r of 
the three conditions, by means of non-parametric friedman 
Test, for k-related samples. Post-hoc comparisons were 
performed by means of non-parametric Wilcoxon test. an 
alpha level set at P=0.05 was used for all the comparisons. 
to verify the diagnostic accuracy of the three conditions 
we compared the diagnosis obtained by means of crs-
r based on standard clinical criteria with the diagnosis 
obtained by crs-r with caregivers in remote or in pres-
ence conditions. Diagnostic sensitivity and specificity of 
the diagnosis based on crs-r performed with caregivers 
(in remote or in presence conditions) were calculated with 
crs-r standard assessment condition as the reference and 
VS, MCS- or MCS+ as disorders of interest; confidence 
intervals for sensitivity and specificity were calculated by 
means of non-parametric methods. Mcnemar’s test for 
paired categorical data was used to check for systematic 
shifts. the number of diagnoses obtained from each of the 
three conditions was compared with the two-tailed mar-
ginal homogeneity test for categorical data. Significance 
was set at P<0.05 with the confidence interval estimated at 
the 95% level.

during the evaluative sessions of “caregiver in remote” 
and “caregiver in presence,” the family caregivers were 
invited to verbally present all the verbal stimuli included 
in the crs-r protocol.1, 17

in detail, family caregivers presented all the verbal in-
structions standardized in the crs-r protocol, usually 
presented by the examiner (e.g., instructions for command 
following and for communication protocol). notably, vi-
sual stimulations and the object-based stimuli included in 
the crs-r protocol were not performed by family care-
givers when they were in presence, in order to not create 
a possible confounding difference between presence and 
remote conditions. Examiners presented the object-based 
stimuli (e.g., two objects) and family caregiver verbalized 
the instructions (e.g., “Look at [object name]”).

all caregivers were previously trained to perform the 
verbal protocol of the crs-r through a brief training ses-
sion performed by an expert neuropsychologist. the three 
conditions have been randomized in each evaluative ses-
sion. the time interval between each session was 10 min-
utes.

To ensure sufficient arousal level, centrally acting drugs, 
neuromuscular function blockers, and sedation were dis-
continued within 24 hours of the assessment, and the crs-
r was administered while patients had their eyes open. 
patients who did not show spontaneous and continuous 
eye-opening underwent the arousal facilitation protocol 
according to standard crs-r administration procedures.1 
Patients were classified as VS/UWS, MCS, and EMCS, 
according to the clinical diagnostic criteria.18

Moreover, patients in a minimally conscious state 
(Mcs) were subcategorized into Mcs plus (Mcs+) and 
Mcs minus (Mcs-), based on command-following, intel-
ligible verbalization, or intentional communication.19

Assessment of consciousness

the level of consciousness was assessed by means of the 
italian version of the coma recovery scale-revised.17 
crs-r is a 29 items scale, hierarchically structured and 
divided into 6 subscales assessing auditory, visual, motor, 
oromotor/verbal, communication, and arousal functions. 
The lowest score on each subscale represents reflexive 
behaviors, while the highest score represents cortically-
mediated behaviors. Each subscale, alone, allows us to 
classify patients as Vs/uWs or Mcs, while the motor and 
communication subscales further distinguish Vs/uWs, 
Mcs, and patients that recover full consciousness (emer-
gent from a minimally conscious state, EMcs). in detail, 
Vs/uWs diagnosis was established if the following cri-
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higher scores in both “caregiver in remote” and “caregiver 
in presence” conditions than in standard condition (stan-
dard vs. caregiver in remote, Z=2.942, P=0.003; standard 
vs. caregiver in presence, Z=3.736, p<0.001). Moreover, 
the crs-r total score obtained with family caregivers 
in presence was higher than the crs-r total score ob-
tained in remote (remote vs. caregiver presence, Z=2.259, 
p=0.02). considering diagnosis at study entry, the differ-
ences in crs-r total scores of patients with Vs/uWs 
were not statistically significant (P>0.05) in the three con-
ditions. instead, crs-r total scores of Mcs patients were 
different in the three conditions (χ2=9.1; P=0.01). Post-hoc 
comparisons showed that the total scores of crs-r admin-
istered with family caregivers in presence were higher than 
crs-r total scores obtained by the expert alone (Z=2.456, 
p=0.01). no differences were observed between “stan-
dard” versus “caregiver in remote” and between “caregiver 
in remote” versus “caregiver in presence” (P>0.05).

Diagnostic accuracy

The CRS-R in standard condition confirmed the clinical 
diagnosis based on diagnostic criteria21 in 25 patients on 
30 (83.33%). More specifically, the CRS-R administered 
by the examiners revealed a change of diagnosis: 2 pa-
tients were diagnosed as Mcs- when the clinical diagnosis 
was Vs/uWs, and 3 patients were diagnosed as Mcs+ 
when the clinical diagnosis was Mcs-.

instead, the administration of the crs-r with a family 
caregiver both remotely connected and in presence elic-
ited higher levels of behavioral responses in patients than 
crs-r performed in standard condition. in particular, 2 
patients out of 30 (6.66%) showed higher scores and dif-
ferent diagnosis when the crs-r was administered with 
family caregivers in remote; moreover, we found a change 
of diagnosis in 16.66% of patients: 5 out of 30 patients 
showed different diagnoses when the crs-r was admin-
istered with family caregivers in presence. in detail, the 
“caregiver in remote” condition revealed 2 patients with 
motor responses to verbal stimuli who satisfied criteria of 
Mcs+ among 11 patients (18.1%) diagnosed as Mcs- on 
standard condition.

in addition, the comparison between crs-r in standard 
and in presence conditions revealed a change in diagno-
sis in 5 cases: 3 cases of 11 (27.3%) changed from MCS- 
when the crs-r was administered in standard condition 
to Mcs+ when the crs-r was administered with care-
givers in presence,; the diagnosis changed in 2 cases of 9 
(22.2%) from Mcs+ when the crs-r was administered 
in standard condition to EMcs when the crs-r was ad-

Results

clinical and demographical characteristics of patients and 
family caregivers are shown in table i, ii.

Inter-rater agreement and reliability

Overall interrater agreement for diagnostic classification 
based on CRS-R, as expressed by mean of kappa values, 
was excellent in all three conditions (crs-r standard 
condition: Kappa=0.910, P<0.001; CRS-R caregiver in 
remote: Kappa=0.950, P<0.001; CRS-R caregiver in pres-
ence: Kappa=0.952, P<0.001).

the reliability of crs-r total scores recorded in the 
five sessions of assessments was high in all three condi-
tions (all intraclass correlation coefficients were > 0.8; 
p<0.001) independently from the diagnosis of patients at 
study entry, based on diagnostic criteria. all results are 
shown in supplementary digital Material 2 (supplemen-
tary table i).

Comparisons between different conditions

the comparisons between total scores of crs-r of the three 
conditions (standard vs. remote stimulation vs. caregiver in 
presence) showed significant differences (χ2=24.800, df=2, 
p<0.001). in particular, post-hoc comparisons showed 

Table I.—  Patients’ sociodemographic and clinical information.
parameters patients (n.=30)
age at onset, in years, median (range) 51 (21-79)
Gender (m/f) 18/12
time since injury, in months, median (range) 3.8 (2-5)
Etiology, n. (%)

traumatic 8 (26.7)
Vascular 16 (53.3)
anoxic 6 (20)

diagnosis at study entry, n. (%)
Vs/uWs 10 (33.3)
Mcs- 11 (36.7)
Mcs+ 9 (30)

VS/UWS: vegetative state/unresponsive wakefulness syndrome; MCS: 
minimally conscious state.

Table II.—  Caregivers’ sociodemographic features.
parameters caregivers (n.=30)
age at onset, years, median (range) 62.4 (19-72)
Gender (m/f) 9/21
Education, in years, median (range) 12.4 (8-17)
type of relationship (patient is…), n. (%)

spouse 18 (60)
parent 7 (23.3)
son 5 (16.7)
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crs-r conditions, the difference between crs-r in stan-
dard and remote conditions regarded 2 patients (Mh=-
1.414, P=0.15): both patients diagnosed as MCS- by 
means of the crs-r standard, were diagnosed as Mcs+ 
in remote condition. instead, the difference between crs-
R in standard and presence conditions regarded 5 patients 
(Mh=-2.236, p=0.02): three patients diagnosed as Mcs- 
by means of crs-r standard, were diagnosed as Mcs+ 
and two patients previously identified as MCS+ were di-
agnosed as EMcs in presence condition.

furthermore, 3 patients represent the difference be-
tween the administration of crs-r in remote and presence 
(MH=-1.732, P=0.83); specifically, one patient diagnosed 
as Mcs- in remote condition, was diagnosed as Mcs+. 

ministered with caregivers in presence. the results of di-
agnostic accuracy are shown in table iii.

the number of patients diagnosed as Vs/uWs was the 
same in all three conditions, although 2 patients showed 
responses of localization to sound in the “caregiver in 
presence” condition, a behavioral response associated 
with a diagnosis of Vs/uWs. the results are shown in 
figure 1.

Change of diagnoses in the three CRS-R conditions

the number of patients diagnosed as Vs, Mcs-, Mcs+, 
or EMcs in the three different conditions is reported in 
table iV.

analyzing the distribution of the diagnoses in the three 

Table III.—  Scores of diagnostic accuracy of CRS-R in the two conditions with caregiver verbal stimulation with CRS-R standard as 
reference.

crs-r standard
caregiver in remote caregiver in presence

Mcs- Mcs+ Mcs- Mcs+
sen (ci %) 81.8 (52.3-94.9) 100 (70-100) 72.7 (43.4-90.2) 77.8 (45.3-93.7)
spec (ci %) 100 (83.2-100) 90.5 (71.1-97.3) 100 (83.2-100) 85.7 (65.4-95)
ppV 100 (70-100) 81.8 (52.3-94.9) 100 (67.6-100) 70 (39.7-89.2)
npV 90.5 (71.1-97.3) 100 (83.1-100) 83.4 (66.7-95.3) 90 (69.9-97.2)
CRS-R: Coma Recovery Scale-Revised; MCS: minimally conscious state.

figure 1.—a, b) distribution of 
patients classified as VS/UWS 
or Mcs- or Mcs+ or EMcs by 
crs-r with caregivers in presence 
or online with respect to diagnosis 
obtained by examiners performing 
clinical assessment by administer-
ing crs-r in standard modality.
Vs/uWs: vegetative state/unre-
sponsive wakefulness syndrome; 
MCS: minimally conscious state; 
EMcs: emergent from a minimally 
conscious state; CRS-R: Coma Re-
covery scale-revised.

Table IV.—  Distribution of the clinical diagnosis in the two assessment conditions of the CRS-R with caregivers compared to the diag-
nosis obtained by applying the standard CRS-R.

parameters
crs-r 
standard caregiver in remote caregiver in presence

n. Vs/uWs Mcs- Mcs+ EMcs Vs/uWs Mcs- Mcs+ EMcs
Vs/uWs 10 10 0 0 0 10 0 0 0
Mcs- 11 0 9 2 0 0 8 3 0
Mcs+ 9 0 0 9 0 0 0 7 2
CRS-R: Coma Recovery Scale-Revised; VS/UWS: vegetative state/unresponsive wakefulness syndrome; MCS: minimally conscious state; EMCS: emergent from a 
minimally conscious state.

a Classification based on remote Classification based on presenceb
 VS/UWS MCS- MCS+  VS/UWS MCS- MCS+
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doc. Moreover, the crs-r guidelines suggest carrying 
out several administration sessions and using the best score 
as a reference for the degree of the level of consciousness.4 
our results indicate that the best level of responsiveness 
always occurs in presence of the family caregiver. thus, 
the crs-r used by an expert examiner with the support 
(i.e., the verbal stimulation) of family caregivers might 
improve the detection of cortically mediated behaviors 
and have important implications in decision-making about 
the intensity and duration of treatment.

in detail, our results showed that the crs-r adminis-
tered with the support of family caregivers remotely con-
nected detected two more Mcs+ patients than the crs-r 
administered in standard condition. instead, we detected 
one more Mcs+ patient and two EMcs patients, with the 
family caregiver.

therefore, we found that verbal stimulation given by 
family caregivers remotely connected or physically present 
allowed eliciting more complex and consistent behavioral 
responses in patients that did not show responses to verbal 
stimuli during standard assessment of crs-r, thus previ-
ously classified as MCS-. Regarding the diagnosis of MCS+, 
crs-r administered in the remote condition showed very 
high sensitivity: it was able to identify more patients diag-
nosed as Mcs+ (2 more than standard crs-r).

furthermore, the crs-r administered with auditory 
stimulation of the family caregiver in presence allowed to 
detect two patients with intentional and functional com-
munication ability (satisfying criteria for EMcs diag-
nosis), previously diagnosed as Mcs+ by professionals 
alone. of paramount importance, only the administration 
with the family caregiver in presence was able to detect 
EMcs patients.

noteworthy, both the conditions involving the presence 
of relatives (remotely connected or physically present) 
never scored lower than the standard condition. however, 
differences in the detection of more complex cortically 
mediated behaviors have been observed only in Mcs pa-
tients. In fact, no significant effects of the presence of fam-
ily caregivers, independently of modality, were observed in 
VS/UWS. A first possible explanation of this result could 
be based on the more severe degree of brain impairment 
of patients with Vs/uWs, less sensible to the saliency of 
the stimuli.1, 28-30 a further possible explanation depends 
on the characteristics of our study protocol. in fact, it was 
specifically focused on the verbal stimulation performed 
by family caregivers, that is associated with high levels of 
cortically mediated residual abilities. More likely, the au-
ditory nature of our salient stimuli, did not help in detect-

nevertheless, the condition of family caregivers in pres-
ence was the only one that detected 2 patients as EMcs.

finally, the facilitatory effect of verbal stimulation was 
not associated with age, sex, etiology and time from injury 
(P>0.05).

Discussion

the coVid-19 pandemic had a dramatic effect on the 
health system and partially interrupted the usual care path-
ways. this led to the rapid and extensive development of 
telemedicine in most care settings to continue providing 
care to patients and their family caregivers.22 this process 
had positive effects on the treatment of different condi-
tions, including chronic diseases, mental disorders, and 
oncologic diseases.23 telemedicine was also applied to the 
field of neuropsychological assessment.24 regarding the 
rehabilitation of sabi few experiences of telemedicine ap-
proach have been described.25-27

To the best of our knowledge, no studies investigated 
the effects of caregivers’ involvement in the assessment of 
behavioral responses of patients with doc by means of a 
telemedicine approach.

the main aim of our study was to examine whether the 
participation of family caregivers, even if remotely con-
nected, could improve diagnostic accuracy during the be-
havioral assessment of patients with DOC. Specifically, 
we investigated if the presence of the family caregiver 
could influence the manifestation of behavioral responses 
assessed by means of crs-r protocol, a gold standard tool 
for assessing levels of consciousness.4, 16

Unlike previous studies,8, 9 we focused only on the au-
ditory stimulation given by relatives during the adminis-
tration of crs-r performed by two expert clinicians. in 
addition, for the first time, we studied the effects of this 
stimulation carried out by family caregivers remotely con-
nected by pc tablet.

Our findings showed that the CRS-R performed with 
contribution of family caregivers showed higher scores 
of crs-r than those obtained by the examiner only and 
helped to detect more patients with verbal residual abili-
ties, thus improving the diagnostic accuracy of disorder of 
consciousness.

normally, the crs-r does not include the use of salient 
emotional stimuli or the presence of family caregivers in 
the protocol.4, 5 In contrast, our findings support the rec-
ommendation to use the crs-r with the participation of 
family caregivers even in remote to reduce the risk of un-
derestimating the level of responsiveness of patients with 
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sessment appears to elicit more behavioral responses than 
neutral stimuli and could improve response detection and 
decrease the rate of misdiagnosis. We observed the diag-
nostic enhancement both when family caregivers were 
remotely connected and physically present, although the 
effect is greater in the latter.

indeed, our results characterized by a high rate of diag-
nosis changed from lower levels of intentional responsive-
ness to higher behavioral responses to verbal commands, 
highlighting the important role of salient stimuli.16 certain-
ly, the family caregiver represents a salient affective stimu-
lus capable of eliciting more efficient cortical activation.38 
In this regard, the efficacy of salient auditory stimulation in 
patients with doc has been demonstrated in several stud-
ies27, 39, 40 and our results confirmed the important contribu-
tion of the familiar voice and its emotional valence.41, 42 
In addition, evidence suggests that familiar speakers can 
activate the appropriate brain areas in patients diagnosed as 
Mcs.43 in fact, patients with doc may have the ability to 
recognize salient emotional and affective stimuli.

in contrast, there are some Mcs patients unresponsive to 
salient stimuli. These differences could be due to fluctua-
tions in the patients’ level of arousal and to possible sen-
sory-motor and cognitive impairments that might hamper 
the expression of a covert cognition state.36, 44 additionally, 
the severity of the brain injury and the different individual 
patient’s condition could also play a crucial role in their 
ability to respond to stimuli.28

Limitations of the study

Our study had several limitations that need to be taken into 
account. first, the relatively small sample size suggests 
caution in the discussion of these findings. Second, the 
level of responsiveness was measured through behavioral 
responses so we could not exclude that diagnosis system-
atically reflect the residual brain or cognitive function.45, 46 
Moreover, in this study we did not perform a comparison 
with an instrumental assessment that could provide evi-
dence of subtle signs of covert-cognition. future research 
might consider correlating clinical-functional characteris-
tics with instrumental findings.

last, as already discussed above, our study protocol 
may have underestimated Mcs- patients. in fact, visual 
behavior could play a key role in the differential diagnosis 
between Vs/uWs and Mcs.29 however, the use of dif-
ferent stimuli changes the frequency of visual fixations 
occurred in patients, thereby possibly affecting the accu-
racy of the diagnosis.32, 41 however, in the present study, 
we mainly focused on verbal stimulation, whereas visual 

ing the subtle signs of intentional behavior represented by 
visual responses (e.g., visual pursuit), as well-described by 
several studies.17, 28, 31, 32 as a possible consequence of the 
characteristics of our study protocol, we could underesti-
mate patients with minimal signs of responsiveness, such 
as Mcs-.

in general, doc patients may exhibit individualized 
patterns of behavioral response related to the diffuse and 
variable nature of sustained damage.33 areas related to 
sensory, motor, and cognitive functions vary among pa-
tients depending on the location and extent of neurological 
damage. some patients may have residue cognitive abili-
ties and a good level of consciousness with extremely se-
vere motor symptomatology, which does not allow them to 
manifest visible behavioral responses. thus, differences in 
behavioral manifestations following salient stimuli might 
be influenced by a cognitive-motor dissociation as com-
monly reported in the literature.34-36

Taken together, our findings clearly indicated that the 
presence of the family caregiver elicits more complex in-
tentional behavioral responses in Mcs patients. however, 
this effect seems to be strictly connected to the modal-
ity of presentation of the salient stimuli (remote versus 
presence) and to the degree of impairment of the patient 
(Mcs- versus Mcs+). in fact, when the family caregivers 
were remotely connected, and the stimulation was mostly 
auditory, the Mcs- showed more complex residual signs 
of intentional behaviors, but these responses were fluctu-
ating and not sufficient to meet the criteria for EMCS. On 
the other hand, when the family caregivers were physi-
cally present, and the stimulation was more multisenso-
ry, some patients with a diagnosis of Mcs- showed evi-
dence of more complex behaviors and can be diagnosed 
as Mcs+. furthermore, some of those patients who were 
already classified as MCS+, showed signs of functional 
and appropriate communication abilities (i.e. diagnosis of 
EMcs).

These findings are in line with previous studies show-
ing that multisensory stimulation has a greater enhance-
ment effect than unimodal stimulation.37 in addition, Zuo 
et al. demonstrated that early family-centered sensory and 
affective stimulation was more effective than routine care 
and nurse-implemented sensory stimulation in improving 
the level of consciousness and cognition of doc patients, 
underlying the critical role of caregivers in all processes 
of care.

Moreover, our results confirmed the importance of 
family caregivers in the behavioral assessment of doc 
patients:8, 9 their active participation during crs-r as-
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3. annen J, filippini MM, bonin E, cassol h, aubinet c, carrière M, et 
al. diagnostic accuracy of the crs-r index in patients with disorders of 
consciousness. Brain Inj 2019;33:1409–12. 
4. Giacino Jt, Katz di, schiff nd, Whyte J, ashman EJ, ashwal s, et 
al. practice guideline update recommendations summary: disorders of 
consciousness: report of the Guideline development, dissemination, 
and implementation subcommittee of the american academy of neurol-
ogy; the American Congress of Rehabilitation Medicine; and the National 
institute on disability, independent living, and rehabilitation research. 
Neurology 2018;91:450–60. 
5. seel rt, sherer M, Whyte J, Katz di, Giacino Jt, rosenbaum aM, 
et al.; American Congress of Rehabilitation Medicine, Brain Injury-In-
terdisciplinary Special Interest Group, Disorders of Consciousness Task 
force. assessment scales for disorders of consciousness: evidence-based 
recommendations for clinical practice and research. arch phys Med re-
habil 2010;91:1795–813. 
6. Wang J, hu X, hu Z, sun Z, laureys s, di h. the misdiagnosis of 
prolonged disorders of consciousness by a clinical consensus compared 
with repeated coma-recovery scale-revised assessment. bMc neurol 
2020;20:343. 
7. bodien yG, Katz di, schiff nd, Giacino Jt. behavioral assessment of 
Patients with Disorders of Consciousness. Semin Neurol 2022;42:249–58. 
8. sattin d, Giovannetti aM, ciaraffa f, covelli V, bersano a, nigri a, 
et al. assessment of patients with disorder of consciousness: do different 
coma recovery scale scoring correlate with different settings? J neurol 
2014;261:2378–86. 
9. formisano r, contrada M, iosa M, ferri G, schiattone s, aloisi M. 
coma recovery scale-revised With and Without the Emotional stimula-
tion of Caregivers. Can J Neurol Sci 2019;46:607–9. 
10. Wannez S, Heine L, Thonnard M, Gosseries O, Laureys S; Coma Sci-
ence Group collaborators. the repetition of behavioral assessments in di-
agnosis of disorders of consciousness. Ann Neurol 2017;81:883–9. 
11. bivona u, Villalobos d, de luca M, Zilli f, ferri G, lucatello s, et al. 
psychological status and role of caregivers in the neuro-rehabilitation of pa-
tients with severe Acquired Brain Injury (ABI). Brain Inj 2020;34:1714–22. 
12. Rasmussen MS, Andelic N, Pripp AH, Nordenmark TH, Soberg HL. 
the effectiveness of a family-centred intervention after traumatic brain inju-
ry: A pragmatic randomised controlled trial. Clin Rehabil 2021;35:1428–41. 
13. de luca M, bandiera V, d’aviero E, onofri b, Mungiello f, ferri 
G, et al. neurorehabilitation of severe acquired brain injury in the time 
of coVid-19: impact of the absence of caregivers. ann ist super sanita 
2022;58:236–43.
14. Mann dM, chen J, chunara r, testa pa, nov o. coVid-19 trans-
forms health care through telemedicine: evidence from the field. J Am 
Med Inform Assoc 2020;27:1132–5. 
15. silva cr, lopes rh, Júnior oG, fuentealba-torres M, arcêncio ra, 
da costa uchôa sa. telemedicine in primary healthcare for the quality 
of care in times of coVid-19: a scoping review protocol. bMJ open 
2021;11:e046227. 
16. Kondziella d, bender a, diserens K, van Erp W, Estraneo a, formi-
sano r, et al.; EAN Panel on Coma, Disorders of Consciousness. Euro-
pean academy of neurology guideline on the diagnosis of coma and other 
disorders of consciousness. Eur J Neurol 2020;27:741–56. 
17. Estraneo A, Moretta P, De Tanti A, Gatta G, Giacino JT, Trojano L; 
italian crs-r Multicentre Validation Group. an italian multicentre valida-
tion study of the coma recovery scale-revised. Eur J phys rehabil Med 
2015;51:627–34.
18. hirschberg r, Giacino Jt. the vegetative and minimally conscious 
states: diagnosis, prognosis and treatment. Neurol Clin 2011;29:773–86. 
19. thibaut a, bodien yG, laureys s, Giacino Jt. correction to: Mini-
mally conscious state “plus”: diagnostic criteria and relation to functional 
recovery. J Neurol 2020;267:1255–9. 
20. Fleiss JL, Cohen J. The equivalence of weighted kappa and the intra-
class correlation coefficient as measures of reliability. Educ Psychol Meas 
1973;33:613–9. 

stimulation was indirect and was represented by the physi-
cal presence of the familiar caregiver (presence condition) 
or by the image of the caregiver on the tablet screen (re-
mote condition). future research should try to investigate 
the responses of patients using auditory-visual stimulation 
with the family caregiver remotely connected.

in general, future studies should be implemented with 
a larger sample size and with the support of neuroimag-
ing functional data on the integrity and activation of brain 
structures involved in the emotional resonance of familiar 
voice recognition in disorders of consciousness.

Conclusions

family caregivers play a crucial role in the care decision-
making process,47 in classifying the level of disability, and 
in the assessment of patients with doc.8 the presence of 
family caregivers can positively affect behavioral assess-
ments of persons with DOC, thus contributing to the defi-
nition of the optimal setting for behavioral evaluation of 
patients and decreasing the misdiagnosis rate. Our findings 
add new evidence regarding the beneficial role of family 
members in the diagnosis and treatment of patients with 
doc. in future guidelines, they should be considered an 
integral part of caregiving. We encourage the involvement 
of family members who are physically present because, ac-
cording to our findings and those in the literature,8, 9 in this 
modality patients may show more complex behaviors that 
correspond to a better diagnosis than in other conditions. 
if this is not possible, the presence of remotely connected 
caregivers can also provide the necessary stimuli for the 
patient to exhibit a greater degree of responsiveness. an 
important practical implication of our study regards the 
utility of telerehabilitation approach to the clinical practice 
with sABI. In this regard, our findings suggest the need and 
the possibility to develop protocols and tools that allow 
clinicians to follow-up patients even in home settings. in 
conclusion, we can state that the presence of the caregiver 
during the diagnostic process is crucial to ensure the best 
possible behavioral assessment. this has important impli-
cations for how patients with doc should be evaluated.
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