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Abstract

Background: Rate of misdiagnosis of Disorders of Consciousness (DoC) can be reduced by employing
validated clinical diagnostic tools, such as the Coma Recovery ScaleRevised (CRSR). An Italian version
of the CRSR has been recently developed, but its applicability across different clinical settings, and its
concurrent validity and diagnostic sensitivity have not been estimated yet.
Aim: To perform a multicentre validation study of the Italian version of the Coma Recovery Scale–Revised
(CRSR).
Design: Analysis of interrater reliability, concurrent validity and diagnostic sensitivity of the scale.
Setting: One Intensive Care Unit, 8 Postacute rehabilitation centres and 2 Longterm facilities
Population: Twentyseven professionals (physicians, n= 11; psychologists, n= 5; physiotherapists, n= 3;
speech therapists, n= 6; nurses, n= 2) from 11 Italian Centres
Methods: CRSR and Disability Rating Scale (DRS) applied to 122 patients with clinical diagnosis of
Vegetative State (VS) or Minimally Conscious State (MCS)
Results: CRSR has goodtoexcellent interrater reliability for all subscales, particularly for the
communication subscale. The Italian version of the CRSR showed a high sensitivity and specificity in
detecting MCS with reference to clinical consensus diagnosis. The CRSR showed good concurrent
validity with the Disability Rating Scale, which had very low specificity with reference to clinical consensus
diagnosis.
Conclusions: The Italian version of the CRSR is a valid scale for use from the subacute to chronic stages
of DoC. It can be administered reliably by all members of the rehabilitation team with different specialties,
levels of experience and settings.
Clinical Rehabilitation Impact: The present study promote use of the Italian version of the CRSR to
improve diagnosis of DoC patients, and plan tailored rehabilitation treatment.
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Introduction
Several survivors to severe acquired brain injury, after a variable period of coma, show eye opening
(awakening) but nonetheless remain unable to intentionally react to environmental stimuli, i.e. they are
considered to be in a Vegetative State (VS).1 Some of these patients eventually regain minimal but
reproducible sign of self and environmentalawareness, thus entering in a Minimally Conscious State
(MCS).2 The distinction between these two conditions, based on assessment of responses to stimuli, is
critical to define treatment and prognosis,3,4 since a significantly more favourable outcome is associated to
MCS with respect to VS.57 Interpretation of patients’ behavior (reflexive versus volitional) for differential
diagnosis may be very difficult because of marked fluctuations of patients’ conditions and may diverge
among examiners.8 Rate of misdiagnosis can be reduced by employing validated clinical diagnostic tools,
such as the Coma Recovery ScaleRevised (CRSR).2,7,9,10
The CRSR takes into account the Aspen Workgroup criteria for MCS,2,11 and consists of six subscales
addressing auditory, visual, motor, oromotor/verbal, communication and arousal functions. The lowest
score on each subscale represents reflexive activity, while the highest score means cognitively mediated
behaviour. For each subscale specific operational criteria have been defined to distinguish VS from MCS,
such that presence of intentional (nonreflexive) responses on a single subscale can suffice to identify
patients in MCS; the CRSR total score has no direct diagnostic implication. French, Norwegian and
Spanish versions of the CRSR have been developed, and show good levels of reliability and validity.1214
The CRSR has been recently adopted in clinical practice by Italian neurorehabilitation teams, thanks to
availability of an Italian version.15 A study in which two physicians independently evaluated a small sample
of DoC patients admitted to one Rehabilitation Unit showed that the Italian version of CRSR has good
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interrater agreement and reliability.16 A study on a larger sample of DoC patients demonstrated that the
Italian CRSR version has adequate internal validity and reliability under the Rasch analysis framework.17
On this basis, we aimed to assess applicability and interrater agreement of the Italian CRSR across
different clinical settings, and to ascertain its concurrent validity and diagnostic sensitivity, which have not
been estimated yet. For these purposes, we performed a multicentre study in which professionals from
different specialties, with different expertise, and working in different kinds of facilities took part.
To assess concurrent validity, we used the Disability Rating Scale (DRS),18 adapted in the Italian language,
as it is the most widely used tool for assessment of DoC patients in Italian Rehabilitation Centres for
patients with severe acquired brain injuries.3 The DRS provides a quantitative assessment of general
functioning and outcome of severe head trauma patients during the recovery course, from coma to return to
community.18 The DRS consists of 8 items divided into 4 categories: 1. “Eye Opening", "Communication
Ability" and "Motor Response" assessing arousal and awareness; 2."Feeding", "Toileting" and "Grooming,"
evaluating cognitive ability to handle selfcare functions; 3. "Level of Functioning," gauging physical
dependence upon others and 4. "Employability," measuring psychosocial adaptability for work,
housework, or school. A total DRS score is calculated by adding the score for each item of the scale.
Although the DRS has not been devised for diagnostic purposes, in the original study the DRS total score
was divided into nine functional categories, including VS.18 More recently, DRS items assessing best verbal
response, best motor responses and cognitive ability have been codified as indicative of MCS diagnosis, in
order to evaluate the concurrent validity of two versions of the CRSR.7,13
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Materials and methods

Study design
The study was conducted in three distinct phases. In the first, professionals from several centres were
recruited and participated in a single training session in which administration and scoring of the Italian
version of the CRSR were presented. In the second phase, participating professionals administered and
scored CRSR scales on three patients with disorders of consciousness. Professionals’ scores were
analysed to assess interrater reliability. In the third phase of the study, in each participating centre two of
the recruited professionals evaluated a sample of inpatients at their institution to assess the concurrent
validity and diagnostic sensitivity of the scale.

Participating centres and professionals
Eleven centres, qualified by the Italian National Health System for care of DoC patients (1 Intensive Care
Unit, 8 Postacute rehabilitation centres and 2 Longterm facilities), participated to the study. Participating
centres were recruited on the basis of an informal survey aimed to identify professional teams with variable
expertise in use of both CRSR and DRS. In each centre 23 professionals who were potential or actual
caretakers of DoC patients were identified as participants. All recruited participants (n= 27) had prior
experience in the administration of the Italian version of the CRSR, with variable levels of expertise (12 to
60 months, more than 10 DoC patients evaluated before the study); they worked as physicians (n= 11),
psychologists (n= 5), physiotherapists (n= 3), speech therapists (n= 6) or nurses (n= 2).
The study was conducted after approval by the local Ethic Committee of each centre and according to the
Helsinki declaration.
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Procedures
First phase: training session. The recruited professionals took part to a training session in which
administration and scoring procedures of each item of the Italian version of CRSR scale were presented.
For this purpose three videotapes showing assessment of three patients with DoC were used. One
physician (G.G.) involved in the Italian translation of CRSR15 was responsible for this training phase. For
the patients appearing in the videotapes, written informed consent had been obtained from each patient’s
legal guardian.
Second phase: interrater agreement. In a second session, all trained participants were shown three novel
videotapes, each showing administration of all CRSR items to a different patient with prolonged (>6
months post brain injury) DoC; one patient was affected by VS and two patients were affected by MCS,
and all of them were severely disabled (DRS score 2426). Videotapes were stopped after each item and
each participant scored it on his/her score sheet.
Interrater reliability of the CRSR total and subscale scores, and level of diagnostic agreement among
raters, were evaluated by means of Fleiss Generalized kappa test19 which determines reproducibility of
measures. As in previous validation studies,12,13,16 values of 0.4 or less can be considered poor, values
between 0.4–0.6 fairtomoderate, and values between 0.6–0.8 good, whereas values greater than 0.8
suggest excellent interobserver agreement.
The Fleiss Generalized kappa test was also used to assess interrater agreement as a function of
participants’ profession, distinguishing three groups: physicians, psychologists and other professionals, and
level of expertise in CRSR administration, distinguishing professionals with low (about 12 months of
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practice, 1020 patients evaluated), medium (12 to 24 months of practice, 2040 patients evaluated), or
high (more than 24 months of practice, more than 40 patients evaluated) expertise.
Third phase: diagnostic sensitivity and concurrent validity. After the second session, in each centre, the
CRSR was administered by one of the trained professionals to a sample of patients meeting the following
inclusion criteria: DoC due to severe acquired brain injury; established clinical diagnosis of VS or MCS
according to international criteria,1,2 based on daily behavioural observation by the clinical team until 24
hours before CRSR administration; lack of severe organ insufficiency or acute illness. Onehundred and
twentytwo postcomatose patients (80 males; mean age= 54.58; range= 1488) were included in this
phase of the study; eight centres recruited 1011 patients, three centres recruited 12 patients or more.
Aetiology of brain injury was traumatic (n= 47), postanoxic (n= 29), vascular (n= 39) or other (n= 5).
Thirtyeight patients were evaluated 25 to 90 days postonset (subacute period), 51 were assessed from
91 days to 1 year postonset (postacute period) and 33 patients were assessed more than 1 year after
disease onset (chronic period). Written informed consent was obtained by the legal guardians of all
patients.
To ensure sufficient arousal level, centrally acting drugs, neuromuscular function blockers and sedation
were discontinued within the 24 hours of the assessment, and the CRSR was administered while patients
had their eyes open. Patients who did not show spontaneous and continuous eyeopening underwent the
Arousal Facilitation Protocol according to standard CRSR administration procedures.20 In the same day,
and in the same day period, a second examiner administered the DRS scale to the same patient. The
trained rater administering the CRSR was blind to the clinical consensus diagnosis and to DRS findings.
Diagnostic sensitivity and specificity of CRSR were calculated with clinical consensusbased diagnosis as
the reference standard and VS as disorder of interest; confidence intervals for sensitivity and specificity
were calculated by means of nonparametric methods. McNemar’s test for paired categorical data was
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used to check for systematic shifts. Diagnostic sensitivity and specificity of CRSR were also calculated
with DRS as the reference standard and VS as disorder of interest (Table 1).
 please insert Table 1 (diagnostic criteria) about here 

Concurrent validity was determined by computing Spearman rank correlation coefficient between CRSR
total score and DRS total score.
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Results

Interrater agreement
Overall interrater agreement, as expressed by mean kappa values, was excellent for the communication
subscale, and good for all the remaining subscales (Table 2). Agreement on single subscale was good to
excellent across different professions, and even in the worst case (assessment of arousal scale among
psychologists) kappa value was not lower than .60. Agreement was generally good among raters with low
or medium level of expertise, and was good to excellent in the most skilled professionals.
Overall interrater agreement for diagnostic classification based on CRSR was good (Table 2).
Agreement across professions and level of expertise was always good, but was excellent in physicians, and
in the most skilled raters.

 please insert Table 2 (Interrater agreement) about here 

Diagnostic sensitivity
Agreement between the CRSR and clinical diagnosis was high: there were only 8 cases in which the
CRSR profile supported a diagnosis of MCS when the clinical diagnosis was VS, whereas in 5 cases the
clinical diagnosis of MCS was not supported by the CRSR profile (Figure 1). This resulted in high
sensitivity (indicating the proportion of persons diagnosed as VS by clinical consensus diagnosis the
reference standard and by the CRSR: 91.9%, 95% confidence interval: 82.496.5) and high specificity
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(indicating the proportion of persons classified as not being in VS by the CRSR or by the clinical
consensus diagnosis: 86.7 %, 95% confidence interval: 82.496.5).

 Please insert Figure 1 (Diagnostic agreement) about here 

A larger proportion of disagreement was observed between CRSR and DRS: 29 patients classified as
MCS by the CRSR were considered to be in VS by the DRS, whereas only 1 disagreement was found
for patient with a diagnosis of VS for CRSR (Figure 1). As a consequence, sensitivity was quite high
(95.1%, 95% confidence interval: 86.798.3), but specificity was low (51.7%, 95% confidence interval:
39.363.8).

Concurrent validity
Raw data for CRSR Total Score, CRSR subscales, and DRS Total Score in VS and MCS patients are
reported in Table 3. Spearman correlation coefficients between CRSR and DRS total scores were
significant for the total sample (Table 4) and also when considering different time periods of the observation
(i.e., subacute, postacute or chronic stages), or aetiology (i.e., traumatic, haemorrhagic or anoxic).

please insert Table 3 (Raw scores) and Table 4 (Correlation between CRSR and DRS) about here

Discussion
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This first multicentre validation study confirmed good interrater agreement of the Italian version of the
CRSR, in line with previous validation studies.7,12,13,16,17 Results did not change as a function of
professional specialties or level of expertise in CRSR administration, indicating that this scale yields
reproducible findings across examiners working in different rehabilitation settings. This novel finding
supports use of the CRSR, in its Italian version, across all rehabilitative stages, from the Intensive Care
Unit to Longterm care facilities. In this sense, the CRSR might provide a common language that enables
optimization of continued care for DoC patients.3,4,21,22 Moreover, to assess accurately the level of
responsiveness is useful for making decisions about intensity and duration of treatment: the guidelines for
care of disorders of consciousness, recently issued by the Italian Ministry of Health,4 suggest different care
levels as a function of patients’ responsiveness.
Goodtoexcellent interrater reliability was found for all subscales, particularly for the visual subscale. It is
important to recognize that the use of videotaped assessment may have reduced inconsistencies among
raters with respect to actual CRSR administration at bedside, but this procedure allowed us to verify
interrater agreement in a relatively high number of observers.
The Italian version of the CRSR showed high sensitivity and specificity in detecting MCS with reference to
clinical consensus diagnosis. In the present study we observed a very high correspondence between
CRSR and clinical consensus diagnosis, differently from that reported in previous studies on CRSR.9 This
findings is likely explained by the fact that, differently from previous studies, here the clinical diagnosis was
strictly grounded on the same Aspen Workgroup’s criteria that informed the development of CRSR.
Nonetheless, a few discrepancies were present between CRSR and clinical diagnosis. In some cases the
CRSR could identify as MCS patients who were considered in a VS by the clinical diagnosis; this finding
has already been reported in literature, and has been ascribed to high effectiveness of standardized CRSR
administration in capturing behavioural signs of consciousness.7 However, we also found 5 patients with the
reverse pattern, i.e. those who were considered in a VS by the CRSR and were in MCS according to the
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clinical diagnosis; all these patients needed to be stimulated by the Arousal Facilitation Protocol before
being examined,20 because of fluctuations of their arousal level at the time of testing. We could thus suggest
that this latter discrepancy between CRSR and clinical diagnosis could be due to the fact that, because of
the study design, CRSR was applied only once to each patient, and this might lead to underestimation of
intentional behaviours. In clinical practice CRSR should be applied more than once for obtaining reliable
diagnostic indications.7
Unlike the CRSR, the DRS had very low specificity with reference to clinical consensus diagnosis, in line
with the American and Norwegian validation studies.7,13 In fact, the DRS total score has welldescribed
psychometric characteristics, but it was not intended to provide clinical diagnostic information and is best
suited for studies on functional outcome. Moreover, it is worth underlining that the DRS was developed
before wide dissemination of the clinical diagnostic criteria for MCS,2 and does not include items that
assess visual behaviour specifically. Instead, assessment of visual behaviour is thought to provide key
elements for differential diagnosis of DoC.2,12,2325 Thus, we believe the low specificity of the CRSR in this
analysis reflects the limitations of the gold standard for differential diagnosis. Nonetheless, we observed
good concurrent validity between the CRSR and DRS, in line with previous findings with the English and
the Norwegian versions of CRSR.7,13 We were also able to verify that the correlation between CRSR
and DRS total scores is not influenced by disease duration or aetiology, suggesting that these scales can be
used as complementary measures to evaluate responsiveness and functional autonomy, respectively. It
should be emphasized that, by means of specific testing and scoring procedures, the CRSR seems to be
able to capture nonreflexive behaviour not detected by the DRS.
The present study has several limitations. First, the study included only professional examiners who already
had previous experience in using the scale, and performed a training session before starting the study. This
aspect could have biased measures of interrater agreement, but adequate knowledge and training in
administration and scoring procedures are critical as they promote high reproducibility of CRSR
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assessments. Moreover, it is also possible that video presentation of assessment might have enhanced
interrater agreement, but this allowed us to compare evaluations by a relatively high number of observers,
as briefly mentioned above. A further limitation of the study, common to other validation studies, is the lack
of comparison with independent instrumental assessment. However, it is widely accepted that at the
moment, the gold standard for diagnosis of DoC rests on clinical observation.26 Future validation studies
might nonetheless consider correlating clinicalfunctional features with instrumental findings. A last possible
limitation was related to the fact that we assessed concurrent validity using the DRS, and did not use other
scales primarily designed to assess responsiveness in DoC patients and used in a previous validation study
on CRSR,9 such as the Full Outline of Unresponsiveness Scale (FOUR)27 and the Wessex Head Injury
Matrix (WHIM).28 However, this was a forced choice since no validated versions of such scales are
currently available in Italy. We hope that the present study might prompt validation of other assessment
tools for DoC patients. In this context, future studies might also investigate applicability, concurrent validity
and diagnostic sensitivity of the CRSR in the acute phase, to verify possible usefulness of a homogenous
assessment tool for DoC patients during the entire care pathway and also to recognize early signs of
responsiveness or subclinical behavioural responses with predictive value. In this perspective, it is worth
mentioning that a recent report showed that the CRSR total score (more effectively than DRS total score)
had higher predictive value for recovery of responsiveness in patients in prolonged anoxic VS,22 suggesting
the prognostic usefulness of this scale.
To conclude, the present results show that the Italian version of the CRSR is a valid scale suitable for use
during the subacute through chronic stages of DoC. The CRSR can be administered reliably by members
of the rehabilitation team with different specialties, levels of experience and settings. Furthermore, the
CRSR identifies MCS patients more frequently than other behavioural scales, presumably because it is
based on the precise diagnostic criteria developed by the Aspen workgroup2 and uses effective
administration methods. Therefore, the CRSR is a useful tool for improving the diagnostic process for
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DoC patients.7,9 An accurate diagnosis is indeed crucial not only to guide clinical decision making,4,27 but
also to clarify the expected evolution of DoC.21,22,28 However it must be underlined that to reach reliable
diagnostic and prognostic conclusions, it is important that a multiprofessional team integrates repeated
administration of CRSS with clinical and functional examination, with data about structural and functional
integrity of the nervous system and with information about potential confounding variables such as medical
complications and drug effects.
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Figure legend.
Figure 1. Distribution of patients identified as VS or MCS by CRSR with respect to classification based
on clinical consensus diagnosis (left panel) and DRS (right panel): diagnostic agreement was higher
between CRSR and clinical consensus diagnosis, than between CRSR and DRS, mainly because DRS
underestimated the number of patients in MCS (see text).
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Table 1. Criteria used in the current study for diagnostic classification based on Coma Recovery
ScaleRevised (CRSR)7 or the Disability Rating Scale (DRS18; table adapted from Løvstad et al.13)
VS

MCS

≤2

34

and

or

≤1

25

and

or

≤2

35

and

or

≤2

3

and

or

0

1

≥3

01

and

or

≥2

01

and

or

3

02

CRSR
Auditory

Visual

Motor

Oromotor/verbal

Communication

DRS
Best verbal response

Best motor response

Cognitive ability
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Table 2. Interrater agreement on the single subscales of CRSR and on the diagnostic classification based on CSRR, expressed as Fleiss generalized Kappa
statistic (and 95% Confidence interval), as a function of professional status and level of expertise.
Scale/Raters

All raters

Profession

Expertise

Physician (n=

Psychologist

Other*

Low

Medium

High

(n= 27)

11)

(n= 5)

(n= 11)

(n= 8)

(n= 10)

(n= 9)

Auditory

.76 (.66.83)

.76 (.60.86)

.83 (.59.93)

.84 (.6992)

.83 (.66.92)

.61 (.44.75)

.81 (.64.90)

Visual

.73 (.6381)

.81 (.66.89)

.68 (.43.84)

.73 (.57.85)

.68 (.50.82)

.62 (.45.77)

.82 (.64.91)

Motor

.76 (.66.83)

.74 (.59.85)

.76 (.52.90)

.75 (.59.86)

.78 (.60.89)

.70 (.53.83)

.82 (.65.91)

Oromotor

.73 (.63.81)

.78 (.63.87)

.82 (.59.92)

.67 (.51.79)

.60 (.42.75)

.75 (.58.86)

.80 (.63.89)

1

1

1

1

1

1

1

Arousal

.72 (.63.80)

.68 (.53.79)

.60 (.37.78)

.81 (.67.89)

.69 (.52.81)

.64 (.48.77)

.77 (.60.87)

Diagnostic

.79 (.71.84)

.88 (.76.93)

.60 (.38.77)

.78 (.64.86)

.74 (.52.83)

.68 (.53.79)

1

Communication

classification
*Note: This group included physiotherapists (n= 3), speech therapists (n= 6) and nurses (n= 2).
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Table 3. Median (and range) of the CRSR Total Score, of CRSR subscale scores, and of the DRS Total
Score in patients affected by VS or MCS, as identified by CRSR.

VS (N= 62)

MCS (N= 60)

5 (18)

10 (617)

Auditory

1 (02)

2 (04)

Visual

0 (01)

3 (05)

Motor

2 (03)

3 (05)

Oromotor/verbal

1 (02)

1 (03)

Communication

0

0 (01)

1.5 (02)

2 (13)

25 (2229)

22 (1926)

CRSR Total Score
CRSR subscales

Arousal
DRS Total Score
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Table 4. Correlation coefficients between CRSR total scores and DRS as a function of stage of DoC and
of etiology.
All patients (N= 122)

.74*

Stage
Subacute (N=38)

.75*

Postacute (N=51)

.61*

Chronic (N=33)

.60*

Etiology
TBI (N=48)

.86*

Haemorrhagic (N=39)

.66*

Anoxic (N=27)

.67*

Note. *all p < 0.001
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