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ABSTRACT
Primary Objective: This study aims to validate the Chinese version of the Coma Recovery Scale-Revised
(CRS-R).
Methods: One hundred sixty-nine patients were assessed with both the CRS-R and the Glasgow Coma
Scale (GCS), diagnosed as being in unresponsive wakefulness syndrome (UWS, formerly known as
vegetative state), minimally conscious state (MCS), or emergence from MCS (EMCS). A subgroup of 50
patients has been assessed twice by the same rater, within 24 h. Patient outcome was documented six
months after assessment.
Results: The internal consistency for the CRS-R total score was excellent (Cronbach’s α = 0.84). Good
test–retest reliability was obtained for CRS-R total score and subscale scores (intra-class correlation
coefficient [ICC] = 0.87 and ICC = 0.66–0.84, respectively). Inter-rater reliability was high (ICC = 0.719;
p < 0.01). Concurrent validity was good between CRS-R total scale and GCS total scale. Diagnostic
validity was excellent compared with GCS (emerged from UWS: 24%; emerged from MCS: 28%). When
considering patient outcome, diagnostic validity was good. In addition, false-positive rates have been
detected for both diagnoses.
Conclusion: The Chinese version of the CRS-R is a reliable and sensitive tool and can discriminate
patients in UWS, MCS, and EMCS successfully.
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Background

Differentiating reflex from voluntary activity is one of the
most challenging tasks facing clinicians involved in the care
of patients with severe brain injury, i.e., disorders of con-
sciousness (DOC), such as unresponsive wakefulness syn-
drome (UWS) or minimally conscious state (MCS) (1,2).
Behavioral assessment is currently considered as the main
way to detect signs of consciousness and, hence, the main
way to determine diagnosis.

However, behavioral assessment is complicated by the pre-
sence of motor impairments, tracheostomy, high fluctuations in
vigilance, or ambiguous and rapidly extinguished responses.
Because of these compromising factors, accurate diagnosis can
rapidly become difficult to make. Previous studies have shown
that around 40% of the patients diagnosed as being in vegetative
state (VS) are misdiagnosed and are in fact conscious (3–6). As
misdiagnosis can lead to serious consequences, especially, in
terms of rehabilitation strategies, pain treatment, and end-of-life
decision-making (7), sensitive valid tools have to be used to
assess remaining cognitive functioning linked to consciousness
and to quantify the severity of DOC. The Glasgow Coma Scale

(GCS) is among of the scales the mostly used in China to assess
patients with severe brain injuries, but its appropriateness to
assess signs of consciousness has previously been debated (8,9).
Coma Recovery Scale-Revised (CRS-R) was originally developed
by investigators from the JFK Johnson Rehabilitation Institute in
1991 to improve and facilitate the differential diagnosis between
UWS and MCS (10). A revised version of this scale was pub-
lished in 2004 (11). In 2010, a report of the American Congress
of RehabilitationMedicine aiming to provide a systematic review
of behavioral assessment scales for DOC has indicated that,
when compared to other scales (including the GCS), the CRS-
Rmeets the highest psychometric standards for the evaluation of
the even minimally reserved consciousness in patients with
several brain injuries (8). According to some studies, CRS-R is
a more sensitive scale than other scales that were previously
developed to evaluate DOC patients (9,12). However, that report
mentions few evidences or studies with small sample sizes for
some aspects of its reliability and validity such as its internal
consistency and its test–retest reliability. The report also states
that the diagnostic validity of the CRS-R remains unproven. The
CRS-R has been translated into English, French, Spanish, Italian,
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Norwegian, Portuguese, and Polish (9,13–17). In order to pro-
mote the development of the clinical and research fields onDOC
in China, CRS-R has been translated into Chinese and has been
published (18). Hence, this study aims to assess the internal
consistency, the test–retest reliability, inter-rater reliability, con-
current validity, and the diagnostic sensitivity of the Chinese
version of the CRS-R in a large sample of DOC patients.

Methods

Participants

Patients were recruited from the intensive care unit, the neurol-
ogy unit, and the rehabilitation unit of the University Hospital of
Hangzhou (Zhejiang, China).

One hundred sixty-nine patients have been included in our
study. The inclusion criteria were (1) adults, (2) pre-screening
performed by a referring physician confirming the presence of
a disorder of consciousness in accordance with international
diagnostic criteria for UWS, MCS, or emergence from MCS
(EMCS) (1,2), (3) native Chinese language, and (4) good hearing.
Exclusion criteria were (1) neuromuscular blocking agents or
sedative drugs administered within the prior 24 h, (2) documen-
ted history of a prior coma, critical illness, or unstable medical
condition, and (3) superior limb contusions or fractures.

The causes of brain injury were traumatic (n = 73), hemor-
rhagic (n = 68), hypoxic ischemic (n = 18), cerebral tumor
(n = 4), and others (n = 6). Seventy patients were in an acute
stage (less than 28 days after injury) and 99 were in a subacute to
chronic stage (more than 28 days after injury). The age of all
patients in this study ranged from 18 to 86 years old. Our sample
included 117 males and 52 females (see Table 1).

The study was approved by the Ethical Committee of the
University Hospital of Hangzhou. The patients’ relatives and
caregivers were informed about the experimental procedure
and signed a written informed consent. The study was con-
ducted according to the World Medical Association’s
Declaration of Helsinki.

Procedure

The Chinese version of the CRS-R was administered (see
Supplemental Material) (18). The CRS-R consists of 23 items
grouped in six subscales addressing auditory, visual, motor,
oromotor, communication, and arousal functions. The higher
items represent conscious-related behavior, while the lower

items for each subscale represent reflexive activity. The basis
for scoring was the presence or absence of the specific beha-
vior in response to standard stimuli.

The CRS-R was administered to 169 patients by an experi-
enced rater (initially trained by the Coma Science Group,
Belgium). Total scores were recorded to investigate the internal
consistency (which measures the extent to which scale items are
related to the same general construct and produce similar rat-
ings), and subscale scores were scored to investigate the internal
correlations of CRS-R. Test–retest reliability indicates that the
consistency between the two results obtained from two different
tests demonstrated the stability of the CRS-R scale. In order to
test it, a subgroup of 50 patients was assessed twice (only using
the CRS-R) by the same rater, on two consecutive days. Besides,
CRS-Rwas administered to the same 50 patients by another rater
within 24 h on day 1. Each rater recorded patients’ responses
independently during the assessment process. Patient was diag-
nosed as UWS, MCS or EMCS based on the CRS-R assessment.
To assess diagnostic validity and concurrent validity, CRS-R and
GCS were administered in a randomized order by an experi-
enced rater to assess patients’ consciousness. The GCS scale
includes three subscales that address arousal level (eye opening),
motor function, and verbal abilities. Subscale scores are summed
and yield a total score ranging from 3 (worst) to 15 (best). Both
scales (i.e., GCS and CRS-R) have been administered in our
entire sample (n = 169) during the same assessment. Based on
the diagnostic criteria of the Multi-Society Task Force (for the
VS) (1) and of the Aspen workgroup (for the MCS) (2), opera-
tional definitions have been developed using the items repre-
sented on each scale (Table 2). For each patient, a diagnosis has
been derived using the operationally defined cutoff scores for
UWS, MCS, and EMCS described in Table 2. The numbers of
diagnostic agreement and disagreement between scales have
been reported. The patient outcome has also been documented
six months after the assessments and categorized as UWS, MCS,
or EMCS using these international diagnostic criteria (1,2).

Statistical analysis

Descriptive statistics for patients are presented as means ± SD
or medians with interquartile ranges. A Cronbach’s alpha (α) is
known as an internal consistency estimate of the reliability of

Table 1. Demographic characteristics of patients.

Characteristics Median Range

Age (years) 58 18–86
n

Days post-injury
Acute 70 1–28
Non-acute 99 >28
Gender
Males 117
Females 52
Etiology
TBI 73
NTBI 96

TBI: traumatic brain injury; NTBI: non-traumatic brain injury.

Table 2. Diagnostic criteria for the VS, the MCS, and the EMCS for each scale
(CRS-R and GCS).

Behavioural
scale VS MCS EMCS

CRS-R Auditory ≤ 2 AND
Visual ≤ 1 AND
Motor ≤ 2 AND
Oromotor/Verbal ≤ 2
AND
Communication = 0
AND
Arousal ≤ 2

Auditory = 3–4 OR
Visual = 2–5 OR
Motor = 3–5 OR
Oromotor/
Verbal = 3 OR
Communication = 1

Motor = 6 OR
Communication
= 2

GCS Eyes opening = 2–4
AND
Verbal = 1–2 AND
Motor = 1–4

Verbal = 3–4 OR
Motor = 5–6

Verbal = 5

CRS-R: Coma Recovery Scale-Revised; GCS: Glasgow Coma Scale; VS: vegetative
state; MCS: minimally conscious state; EMCS: emergence from minimally con-
scious state.
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test scores, which generally increases as the intercorrelations
among test items increase. α was used to calculate the internal
consistency of total scores of the CRS-R and internal correla-
tions of the subscale scores by the Spearman rank correlation
method. It assesses how well the relationship between the two
variables. A coefficient greater than or equal to 0.81 is typically
considered excellent, between 0.61 and 0.80 is considered good,
between 0.4 and 0.6 is considered fair-to-moderate, and values
of 0.4 or less are considered poor results (19). Test–retest
reliability for total score of the CRS-R and for its subscale
scores was evaluated by an intra-class correlation coefficient
(ICC). ICC is a descriptive statistic that can be used as quanti-
tative measurements of units that are organized into
groups. Thresholds for the ICC values have been defined as
follows: high (ICC > 0.90), good (ICC: 0.60–0.90), and low
(ICC < 0.60) (13). Inter-rater reliability was determined by an
ICC. For all patients, concurrent validity was computed by
Spearman rank correlation method between CRS-R total
score and GCS total score. Diagnostic validity was assessed
using chi-squares (threshold for significance at p < 0.05) on
the proportion of misdiagnosis (UWS vs. MCS) according to
the time since injury (acute vs. non-acute) or the etiology
(traumatic vs. non-traumatic).

Results

Internal consistency

The Cronbach’s alpha was 0.84 for total scores of all patients’
CRS-R assessment, which suggests a high degree internal con-
sistency of Chinese version of CRS-R. In addition, Spearman test
values referring to intercorrelations among the subscales scores
are reported in Table 3.

Test–retest reliability

The ICC between CRS-R total scores obtained on two occasions
was 0.87 (p < 0.001), which indicated that the scale is relatively
stable when used on different occasions. The coefficients
obtained for CRS-R subscale scores were 0.74 (p < 0.001) for
the auditory subscale, 0.82 (p < 0.001) for the visual subscale,
0.84 (p < 0.001) for the motor subscale, 0.77 (p < 0.001) for the
verbal subscale, 0.83 (p < 0.001) for the communication subscale,
and 0.66 (p < 0.001) for the arousal subscale.

Inter-rater reliability

Inter-rater reliability for the CRS-R total score was high
(ICC = 0.719; p < 0.01), which indicates that CRS-R could
yield reproducible findings across raters during the evaluation
process.

Concurrent validity

Total scores of the CRS-R were correlated with the GCS total
scores to compute concurrent validity (n = 169). Spearman
coefficient was significant between the CRS-R scale and GCS
scale for the total sample (r = 0.78, p < 0.01, n = 169) as well
as also when considering different time injury (i.e., acute:
r = 0.86, p < 0.01, n = 70; non-acute: r = 0.69, p < 0.01,
n = 99; see Table 4).

Diagnostic validity

Each patient was assigned a diagnosis of UWS, MCS, or
EMCS following completion of the CRS-R. In 15 out of 169
patients assessed, it produced a diagnosis of EMCS based on
the CRS-R, 63 patients received a diagnosis of MCS, and 91
patients diagnosed as UWS based on the CRS-R (see Table 5).

Chi-squared analysis showed that the proportion of the
patients diagnosed with EMCS and MCS by the CRS-R was
significantly higher when compared to the GCS (χ2 = 9.139,
p < 0.05). Moreover, CRS-R could identify 28 patients as
being in MCS who were otherwise misclassified as being in
UWS by the GCS (i.e., misdiagnosis rate of 24%) and 14
patients as being EMCS who were misclassified as being in
MCS by the GCS (i.e., misdiagnosis rate of 28%). For the MCS
diagnosis, behaviors that the most frequently missed for sub-
scales included: automatic motor response (n = 12); visual
pursuit and fixation (n = 9); consistent/reproducible move-
ment to command (n = 4); and non-functional communica-
tion (n = 4). For the EMCS diagnosis, the missed behaviors
were functional object use (n = 11) and functional commu-
nication (n = 9) (see Table 6). One MCS patient, nevertheless,
was classified as being in UWS by the CRS-R, while the GCS

Table 3. Subscale score intercorrelations of the Chinese version of the Coma Recovery Scale-Revised (CRS-R).

Auditory Visual Motor Oromotor/verbal Communication Arousal

Auditory 1.000
Visual 0.874 1.000
Motor 0.636 0.649 1.000
Oromotor/verbal 0.371 0.337 0.367 1.000
Communication 0.782 0.749 0.569 0.320 1.000
Arousal 0.482 0.525 0.323 0.150 0.515 1.000

Table 5. Frequency of diagnosis for VS, MCS, and EMCS between GCS and CRS-R
diagnoses (n = 169).

GCS

VS MCS EMCS Total

VS 90 1 0 91
CRS-R MCS 28 35 0 63

EMCS 0 14 1 15
Total 118 50 1 169

CRS-R: Coma Recovery Scale-Revised; GCS: Glasgow Coma Scale; VS: vegetative
state; MCS: minimally conscious state; EMCS: emergence from minimally con-
scious state.

Table 4. Spearman coefficient between CRS-R total score and total score of GCS
scale in acute stage, in non-acute stage, and in both stages.

N Spearman coefficient (r) p

Both stages 169 0.78 <0.01
Acute stage 70 0.86 <0.01
Non-acute stage 99 0.69 <0.01
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classified him as being in MCS (i.e., misdiagnosis rate of 1%).
The CRS-R has been unable to detect the presence of localiza-
tion to pain. No significant differences in misdiagnosis rate
were found according to the time since injury (χ2 = 0.05,
p = 0.82) or the etiology (χ2 = 0.43, p = 0.51).

Using international diagnostic criteria (1,2), the patient
outcome has been documented six months after the assess-
ment in 25 of the 28 patients misdiagnosed as being in UWS
and in 7 of the 14 patients misdiagnosed as being in MCS.
Twenty-one of 25 patients (84%) were still in MCS as initially
diagnosed by the CRS-R (the four others were in UWS), while
6 of 7 patients (86%) were still in EMCS (one was in MCS) as
initially diagnosed by the CRS-R, suggesting a low false-
positive rate for both diagnoses (i.e., 16% and 14%, respec-
tively). The patient misdiagnosed by the CRS-R was in UWS,
six months after the assessment.

Discussion

The essential aim of this study was to validate the Chinese
version of the CRS-R in a large sample of patients with DOC.
Results showed that the translated Chinese version has a good
internal consistency, test–retest reliability, inter-rater agree-
ment as well as a better diagnostic validity as compared to the
GCS, indicating that Chinese version is a reliable and valid
scale to access patients’ responsiveness.

In our large dataset (n = 169), the internal consistency of
the scale was high (α = 0.84), which supports a previous
preliminary study obtained in a smaller sample size (n = 80)
(α = 0.83) (11). The Chinese version of the CRS-R seems,
therefore, a reliable homogeneous neuro-behavioral measure
for assessing consciousness. Test–retest reliability for total
score as well as for all subscale scores was also good, suggest-
ing that the CRS-R is a pretty stable scale when used within an
interval of 24 h. This finding is parallel to the initial study (11)
as well as to two recent studies in which the reliability of the
scale was tested in fewer patients (14,16). In addition, in this
study, an inter-rater agreement for the total score was high
(ICC = 0.719; p < 0.01), which was close to the study validated
the French version of the scale (k = 0.80) (9).

The Chinese version of the CRS-R has been able to detect
signs of consciousness in 24% of the patients who would have

been diagnosed as being in UWS using the GCS, which demon-
strated significantly higher diagnostic sensitivity in detecting
MCS and EMCS patients compared to the GCS. This finding
relates to one previous smaller sample study (9). Besides, two
other studies compared the diagnostic sensitivity of the CRS-R to
a consensus-based diagnosis (4,12). In both studies, the CRS-R
allowed detecting more conscious patients. The most frequently
missed conscious behaviors were spontaneous automatic motor
responses, visual pursuit, and fixation. Both behaviors are not
included in the GCS which explains why they were not detected.
Visual pursuit and fixation have been shown as one of the first
signs of consciousness recovered after severe brain injury (20)
but have also been identified as the most difficult behaviour to
detect in DOC patients (4,6,9), confirming the importance to
assess carefully this sign of consciousness using sensitive scales
such as the CRS-R (21,22). Our study also showed that the CRS-
R scale allows a better diagnosis in EMCS patients than using
GCS scale. Even though both scales assess functional commu-
nication (i.e., highest score of the verbal subscale of the GCS and
highest score of the communication subscale of the CRS-R), this
behavior has been missed in 9 of 14 misdiagnosed patients,
suggesting that the CRS-R assesses such behavior in a more
sensitive way. Moreover, six months after the assessment, the
majority of those misdiagnosed patients (more than 80%) were
under the same level of consciousness, which suggested a low
level of false positives. On the contrary, the MCS patient mis-
diagnosed as UWS by the CRS-R was found to be a false positive
as his 6-month outcome was a UWS state (and not MCS as
previously determined by the GCS). Finally, misdiagnosis did
not seem to differ according to the time since injury and etiology.
All those evidences suggest that the CRS-R has a very good
diagnostic validity whoever is the patient assessed (i.e., UWS or
MCS, acute or subacute to chronic, traumatic, or non-
traumatic).

Limitations

The study has, nevertheless, several limitations. First, there was
no comparison of the diagnosis of nurses, caregivers, and phy-
siotherapists in this study. So, the comparison between them is
necessary for the future research. Second, when testing DOC
patients, behavioral responses can vary widely from an assess-
ment to another due to the fluctuations of the patient’s level of
vigilance. Even though our patients have been assessed twice
within 24 h, it is difficult to fully exclude this bias. Patients’
fluctuation of vigilance could explain why the arousal subscale
had the lowest test–retest agreement. It is, therefore, likely that
the test–retest reliability of the CRS-R is higher than what we
observed. From these, we found that multiple assessments in
the diagnosis of DOC patients are important. Third, the diag-
nostic validity could be measured differently. In this study, we
chose to compare the diagnosis obtained using the CRS-R to
another standardized behavioral scale widely used in China
(i.e., the GCS) as well as to estimate the amounts of false
positives using 6-month follow-up and published criteria for
DOC diagnosis (1,2). However, Wessex Head Injury Matrix
(WHIM) is a higher sensitive scale relative to the GCS. To
determine what is a gold standard is really difficult in DOC
patients. Therefore, we will compare the CRS-R with the

Table 6. Behavioral signs of consciousness found using CRS-R in patients mis-
diagnosed as being in VS or MCS.

Subscale Behaviour
Number of
observation

Auditory Consistent movement to command 3
Reproducible movement to
command

1

Visual Object recognition 3
Object localization 2
Visual pursuit 5
Fixation 4

Motor Functional object use 11
Automatic motor response 12
Object manipulation 7
Localization to noxious stimulation 2

Verbal Intelligible verbalization 0
Communication Functional: accurate 9

Non-functional: intentional 4
Arousal Attention 0
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WHIM. We also want to compare the diagnosis obtained using
the CRS-R to the diagnosis obtained using a consensus agree-
ment between two or more expert clinicians relying on bedside
observation. Various methodologies leading to the same results
would be an additional argument to demonstrate the diagnostic
sensitivity of the CRS-R.

Conclusions

Our results confirm that the Chinese version of the CRS-R is
a valid and reliable tool and that this scale should be used
systematically when assessing the level of consciousness of
patients with DOC.
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