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1. Introduction

The nosology of disorders of consciousness (DoC) is vast
because after a period of coma, individuals may evolve to an
unresponsive wakefulness syndrome (UWS), a minimally con-
scious state (MCS) minus (MCS-) or plus (MCS + ), and potentially
emerge from this MCS (EMCS; see Table 1 for diagnostic criteria).
These diagnostic categories are defined by the clinical presence of
specific behavioural signs. Moreover, the rate of misdiagnosis is

substantial (i.e., 40%) when relying on only medical consensus
rather than validated tools [1–3]. Therefore, the use of standard-
ized, sensitive and validated scales is crucial given that the
diagnosis greatly affects patient care (e.g., treatment, end-of-life
decisions) [4–6].

Although the Coma Recovery Scale-Revised (CRS-R) [7] is the
recommended diagnostic scale, it is time-consuming, requires
training and provides total scores that do not reliably reflect
individuals’ level of consciousness at the single-subject level [8–
10]. The assessment duration becomes an even bigger issue given
that recent recommendations highlight the importance of repeat-
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A B S T R A C T

Background: The Coma Recovery Scale-Revised (CRS-R) is the gold standard to assess severely brain-

injured patients with prolonged disorders of consciousness (DoC). However, the amount of time needed

to complete this examination may limit its use in clinical settings. Objective. We aimed to validate a new

faster tool to assess consciousness in individuals with DoC.

Methods: This prospective validation study introduces the Simplified Evaluation of CONsciousness

Disorders (SECONDs), a tool composed of 8 items: arousal, localization to pain, visual fixation, visual

pursuit, oriented behaviors, command-following, and communication (both intentional and functional).

A total of 57 individuals with DoC were assessed on 2 consecutive days by 3 blinded examiners: one CRS-

R and one SECONDs were performed on 1 day, whereas 2 SECONDs were performed on the other day. A

Mann-Whitney U test was used to compare the duration of administration of the SECONDs versus the

CRS-R, and weighted Fleiss’ kappa coefficients were used to assess inter-/intra-rater reliability as well as

concurrent validity.

Results: In the 57 participants, the SECONDs was about 2.5 times faster to administer than the CRS-R. The

comparison of the CRS-R versus the SECONDs on the same day or the best of the 3 SECONDs led to

‘‘substantial’’ or ‘‘almost perfect’’ agreement (kappa coefficients ranging from 0.78 to 0.85). Intra-/inter-

rater reliability also showed almost perfect agreement (kappa coefficients from 0.85 to 0.91 and 0.82 to

0.85, respectively).

Conclusions: The SECONDs appears to be a fast, reliable and easy-to-use scale to diagnose DoC and may be

a good alternative to other scales in clinical settings where time constraints preclude a more thorough

assessment.
�C 2020 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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We proposed to validate a new short assessment tool that could
e easily implemented in daily practice to determine the level of
onsciousness in individuals with severe brain injury: the
implified Evaluation of CONsciousness Disorders (SECONDs). Its
dministration was expected to be significantly faster than the
RS-R. We further examined congruent diagnoses between the
ECONDs and the CRS-R, between raters and regarding test–retest.

. Material and methods

.1. Participants

People were prospectively recruited from April 2017 to October
019 at the University Hospital of Liège, Belgium, while undergo-

ng a 1-week hospitalization for DoC diagnosis and prognosis
urposes, as well as in 3 rehabilitation centers (i.e., specialized
rograms dedicated to DoC) in Belgium. Inclusion criteria were the
resence of severe acquired brain injury, prolonged DoC (i.e., at

east 28 days since injury), � 18 years old, no history of
eurological or psychiatric deficit, ability to speak French, and
edical stability (e.g., absence of mechanical ventilation, sedation,

nfection). Each individual was assessed by 3 different examiners
ho were experienced in behavioral assessment of DoC. Overall, a

eam of 8 examiners performed all the assessments both at the
ospital and rehabilitation centers.

This study was approved by the ethics committee of the
ospital and University of Liège and by the 3 local ethics
ommittees of the rehabilitation centers. Written informed
onsent was obtained from the participants’ legal surrogates.

.2. Material

.2.1. Simplified Evaluation of CONsciousness Disorders (SECONDs)

The SECONDs includes 8 items of increasing complexity and is
erived from the CRS-R (Fig. 1): arousal response (UWS; scored 1),

ocalization to pain (MCS-; scored 2), visual fixation (MCS-; scored
), visual pursuit (MCS-; scored 4), oriented behaviors (MCS-;
cored 5), command-following (MCS+; scored 6), intentional
ommunication (MCS+; scored 7) and functional communication
EMCS; scored 8). The total score corresponds to one diagnosis and
anges from 0 = coma, 1 = UWS, 2-5 = MCS-, 6-7 = MCS+ to

 = EMCS. The items were chosen because they were among the
ost frequently observed in the MCS [14] and because of their

mportance for the diagnosis of EMCS (i.e., functional communica-
ion) [7]. Recent findings indicated that the 5 most frequently
bserved items in the CRS-R allow for detecting 99% of MCS

ndividuals. Consequently, when time is limited, one could select
hese items (i.e., reproducible movement to command, visual

assessment of DoC and specialized in the administration of the
CRS-R. The superiority of the mirror to detect visual fixation and
pursuit [15] led to the selection of this stimulus. A criterion of time
instead of angular width was chosen to address administration
issues related to people with oculomotricity impairments follow-
ing cranial nerves lesions as well as practical difficulties in
estimating angular width without dedicated tools [16]. Similarly,
given that the best results while testing communication were
obtained with autobiographical questions, we designed a fixed set
of these questions [17]. Finally, command-following scoring was
set at 2 of 3 trials instead of 3 of 4 in the CRS-R. The aim was to
avoid frequent situations in which individuals showed 2 responses
out of 4 trials, thus not reaching the threshold to be scored in the
CRS-R, although the reproducibility of the response was clinically
unequivocal given the chosen command (i.e., not a spontaneous
movement) or given subsequent evaluations. Moreover, it was
then similar to how command-following was tested in the Full
Outline of UnResponsiveness (FOUR) [18], a scale widely used in
intensive care units, where the SECONDs might be a valuable tool.
This modification could help avoid confusion for clinicians. All
these changes were made to save maximal time without
compromising the accuracy of the detection of consciousness,
and they also limit fatigue, which may yield better focus and
collaboration.

2.2.2. Coma Recovery Scale-Revised (CRS-R)

The CRS-R [7] consists of 6 subscales assessing auditory
functions (i.e., consistent movement to command, reproducible
movement to command, localization to sound, auditory startle, or
none), visual functions (i.e., object recognition, object localization
and reaching, visual pursuit, visual fixation, visual startle, or none),
motor functions (i.e., functional object use, automatic motor
response, object manipulation, localization to noxious stimulation,
flexion withdrawal, abnormal posturing, or none), oromotor/
verbal functions (i.e., intelligible verbalization, vocalization/oral
movement, oral reflexive movement, or none), communication
(i.e., functional, intentional, or none) and arousal (i.e., attention,
eye opening without/with stimulation, or none). The sum of all
6 sub-scores is a total score ranging from 0 to 23. Because the CRS-R
sub-scores do not reflect continuous values, they should not be
added up. The scoring form shows which behavior corresponds to
which diagnosis.

2.3. Procedure

Four behavioral assessments were performed on 2 consecutive
days. On 1 day, a CRS-R and a SECONDs were administered (i.e.,
concurrent validity). A time of 45 to 60 min between the end of the
first evaluation and the beginning of the second evaluation was

able 1
urrent disorders of consciousness (DoC) classification.

DoC Diagnostic criteria

Coma No arousal (eyes closed)

Unresponsive wakefulness syndrome (UWS; vegetative state) Arousal (eyes opened) with no internal and/or external awareness [32,33]

Minimally conscious state minus (MCS-) Arousal with signs of internal and/or external awareness (e.g., visual pursuit) [24]

Minimally conscious state plus (MCS + ) Arousal with language-related signs of consciousness (i.e., command-following,

intentional communication, intelligible verbalization) [34]

Emergence from the minimally conscious state (EMCS) Arousal with recovery of functional communication and/or use of objects [24]
ursuit and fixation, automatic motor response and localization to
ain) [14]. The guidelines for adaptation and scoring of the items
re presented in Supplemental Data (Table S1). They were based on
reviously published studies and clinical experience. The protocol
as elaborated after discussion between experts (i.e., neurologists,
europsychologists, physiotherapists), all experienced in the
2

imposed to limit fluctuations in responsiveness while avoiding
fatigue. On the other day, 2 SECONDs were performed (i.e., inter-
rater validity) and the same timeframe was established between
the 2 evaluations. The order of assessment (CRS-R and SECONDs)
was randomized and the CRS-R was performed following its
original guidelines [7,19]. In addition, the order of both days (CRS-
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R/SECONDs and SECONDs/SECONDs) was randomized, so that half the results and type of commands previously tested during all

Fig. 1. Administration of the Simplified Evaluation of CONsciousness Disorders (SECONDs). We recommend administration of at least 5 SECONDs in a short time period (e.g.,

10 days) to reduce misdiagnosis rates [11].
of the participants were assessed with the CRS-R on the first day
and the other half on the second day. Three examiners were
randomly assigned to the 4 evaluations (Fig. 2). The administration
duration of each assessment was recorded.

The examiners were blinded to the participants’ medical
diagnosis and medical history and remained blinded regarding
3

other behavioral assessments, including both SECONDs and CRS-R.

2.4. Statistical analyses

Descriptive statistics were used for participant characteristics.
Age and time since injury are expressed as mean (SD) and sex and
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tiology as number (%). Because of the skewed data distribution,
he difference in administration duration between the SECONDs
nd CRS-R was assessed by Mann-Whitney U test. Results were
onsidered significant at p < 0.05.

The degree of agreement was calculated by using weighted
leiss’ kappa coefficients (KW) for 3 measures:

 concurrent validity (i.e., CRS-R vs SECONDs on the same day, and
CRS-R vs best SECONDs diagnosis);

 intra-rater reliability (i.e., SECONDs vs SECONDs by the same
examiner);

 inter-rater reliability (i.e., SECONDs vs SECONDs on the same day
by 2 different examiners).

A value < 0 was considered ‘‘poor agreement’’, 0 to 0.2 ‘‘slight
greement’’, 0.21 to 0.4 ‘‘fair agreement’’, 0.41 to 0.6 ‘‘moderate
greement’’, 0.61 to 0.8 ‘‘substantial agreement’’, 0.81 to 0.99 ‘‘al-
ost perfect agreement’’ and 1 ‘‘perfect agreement’’ [20]. As a first

tep, we took into account the 3 main diagnostic entities in chronic
oC, namely the UWS, MCS and EMCS. As a second step, we

epeated the analysis by subclassifying the MCS (i.e., MCS- and
CS + ) according to the latest diagnostic criteria for MCS+ (i.e.,

ommand-following, verbalization and/or intentional communi-
ation) [21].

Because previous studies showed that kappa analysis should
ot be the only method used to examine concurrent validity [22],
e also used Spearman correlation for skewed data between the

RS-R total scores (out of 23) and the best SECONDs scores as well
s the scores of the SECONDs performed on the same day (out of 8).

. Results

We included 60 individuals in the study. The final sample
onsisted of 57 patients (24 traumatic brain injuries, 14 anoxic and
9 other non-traumatic brain injuries; 23 women; mean
ge = 48 years; standard deviation [SD] = 16 years, range = 18-85
ears; median time since injury = 5.5 weeks, inter-quartile range
IQR] = 2.8–11.7, range = 0.9–196.9 months) after excluding

 patients because of protocol violations (i.e., one with time since

According to CRS-R assessments, our sample included 12 UWS,
14 MCS-, 14 MCS+ and 17 EMCS participants. The same-day
SECONDs diagnosed a total of 14 UWS, 13 MCS-, 14 MCS+ and
16 EMCS participants, and the best SECONDs diagnosed a total of
13 UWS, 11 MCS-, 14 MCS+ and 19 EMCS participants.

When only considering the 3 main diagnostic entities (i.e., UWS,
MCS and EMCS), we found substantial agreement between the
CRS-R and the SECONDs administered on the same day (KW = 0.79;
48/57; 84.2%) and almost perfect agreement between the CRS-R
and the SECONDs’ best diagnosis (KW = 0.84; 50/57; 87.7%). The
intra- and inter-rater reliability showed almost perfect agreement
(KW = 0.91; 53/57; 93% and KW = 0.820; 49/57; 86%).

When considering the sub-categories of the MCS (i.e., UWS,
MCS-, MCS+ and EMCS), the concurrent validity was substantial for
the CRS-R and the SECONDs performed on the same day
(KW = 0.78; 41/57; 71.93%) and almost perfect for the CRS-R and
the SECONDs’ best diagnosis (KW = 0.85; 46/57; 80.7%) (Table 2).
The intra- and inter-rater reliability remained with almost perfect
agreement (KW = 0.85; 46/57; 80.7% and KW = 0.85; 47/57; 82.46%).

Table 2 reports the number of diagnostic discrepancies between
the SECONDs and the CRS-R, accounting for the extended
diagnostic classification (i.e., sub-classifications of MCS into
MCS- and MCS + ). When considering the SECONDs performed
on the same day as the CRS-R, 16/57 (28%) participants showed
diagnostic disagreement between both scales. Overall, 6 partici-
pants had a better diagnosis with the ‘‘same-day SECONDs’’ than
the CRS-R and 10 had a better diagnosis with the CRS-R. These
differences were due to discrepancies in the absence or presence of
visual pursuit (detected in 3 participants with the CRS-R only and
in 1 participant with the SECONDs only), command-following
(detected in 4 participants with the CRS-R only and in 3 with the
SECONDs only), functional communication (detected in 1 partici-
pant by the CRS-R only and in 2 participants by the SECONDs only)
or use of objects (detected in 2 participants by the CRS-R but not
assessed by the SECONDs). Furthermore, 11/57 (19%) participants
showed diagnostic disagreement between the best SECONDs and
the CRS-R. Seven had a better diagnosis when considering the best
SECONDs as compared with the CRS-R and 4 had a better diagnosis
with the CRS-R (i.e., the 3 participants with visual pursuit and 1 of
the participants with command-following as detected by the CRS-

ig. 2. Illustration of the procedure and validation protocol of the SECONDs. In this example, the examiners were randomly assigned to the evaluations as follows: 1) the first

xaminer administered the Coma Recovery Scale-Revised (CRS-R) assessment; 2) the second examiner administered the SECONDs occurring pre-/post-CRS-R on the first day

s well as one SECONDs on the second day; 3) the third examiner administered the remaining SECONDs (on the second day).
njury 25 days, one with randomization error and one who was not
rench-speaking). All individual data are reported in Supplemental
ata (Table S2).

The median administration time was shorter with the SECONDs
han the CSR-R (7 min; IQR 5-9; and 17 min; IQR 12-22; W = 8791,

 < 0.001).
4

R only).
Finally, the CRS-R total score was correlated with the score of

the SECONDs performed by another examiner on the same day
(rs = 0.91, S = 3110.2, p < 0.001). Likewise, the CRS-R total score
was correlated with the score of the best of the 3 SECONDs
(rs = 0.92; S = 2343.8, p < 0.001).
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4. Discussion

The SECONDs was developed to allow clinicians to accurately
and rapidly assess level of consciousness in daily care. The
elaboration of this scale was inspired by the CRS-R [7], which is the
current recommended assessment tool for the diagnosis of DoC.
Our main findings show that the SECONDs was 2.5 times faster to
administer on average than the CRS-R. In other words, if a
healthcare professional is given 60 min weekly to assess patients,
the assessment of 8 patients would be possible by using the
SECONDs instead of 3 patients with the CRS-R. As expected,
substantial concurrent validity was found between the SECONDs
and CRS-R diagnoses in individuals with prolonged DoC, as well as
almost perfect agreement with regard to intra- and inter-rater
reliability.

However, we noticed discrepancies between the SECONDs and
the CRS-R in 28% of DoC individuals when both assessments were
performed on the same day. Patients’ diagnoses are determined by
the highest level of consciousness observed [13]. In our case,
10 participants had a better diagnosis with the CRS-R versus 6 with
the SECONDs performed on the same day. Using repeated
assessments (i.e., best of the 3 SECONDs), the discrepancies
decreased to 19%, with 7 participants showing better SECONDs
diagnosis versus 4 with better CRS-R diagnosis. These results
suggest that, within the same time window, those repeated
SECONDs assessments would more frequently allow for detecting
the highest level of consciousness as compared with one CRS-R.

Inconsistencies between both scales were mainly associated
with the detection of behaviors assessed differently in the
SECONDs versus the CRS-R (Table 2):

� visual pursuit;
� command-following;
� functional communication.

Regarding visual pursuit, the SECONDs requires that the eye
movement last at least 2 sec to be considered as a visual pursuit,
unlike the CRS-R, which requires an eye movement of 458. Even if
the discrepancies may be due to within-day variability of visual
tracking [23], the repetition of the SECONDs did not allow for
detecting visual pursuit in 3 participants who showed this sign
with the CRS-R, so the SECONDs criteria for this item might be

4 successful trials. This led to one participant being diagnosed as
MCS+ by the SECONDs and MCS- by the CRS-R (‘‘move your leg’’:
2 of 3 [SECONDS] and 2 of 4 [CRS-R]). The type of movements
prompted by the different examiners, which could not be
controlled due to the blinding process, might also have affected
the detection rate of this behavior. For example, P21 showed an
adequate response for only the command ‘‘move your leg’’, which
was not asked during the CRS-R administration, whereas P26
showed an adequate response for only the command ‘‘move your
head’’, which was not tested with the SECONDs.

Third, the ‘‘functional communication’’ item of the SECONDs
requires 5 correct answers to 5 yes/no questions, whereas the CRS-
R requires correct answers to 6 questions. Moreover, the SECONDs
includes autobiographical questions when assessing communi-
cation, which is not the case with the CRS-R. In line with previous
research [17], DoC individuals provided better answers when
using autobiographical questions (e.g., name recognition) than
situational questions. Given that this item did not lead to
discrepancies between the SECONDs and the CRS-R when
considering the best SECONDs diagnosis, the differences in the
diagnoses given on the same day are more likely due to a
fluctuation in cognitive abilities.

Of note, the item ‘‘functional use of objects’’ included in the
CRS-R also enabled the diagnosis of 2 participants as EMCS (i.e., P24
and 38), but these individuals had a diagnosis of MCS with the
SECONDs. It is noteworthy that these are the only discrepancies
linked to items that are not included in the SECONDs. According to
Giacino et al. (p. 351) [24], ‘‘[the] recovery from MCS to higher
states of consciousness occurs along a continuum in which the
upper boundary is necessarily arbitrary.’’ The functional use of
objects was consequently chosen as a criterion of EMCS along with
functional communication because these behaviors are typically
observed during recovery of consciousness. Nevertheless, the
attentional resources necessary for object use, which highly
depends on motor function, are considered lower than those
required for accurate yes/no communication by some authors
[25]. Besides, the recovery of functional communication is a more
critical milestone in rehabilitation than the use of objects.

Taking everything into account, evidence-based guidelines are
lacking regarding the best way to assess visual pursuit, the number
of trials and type of commands required for command-following,
or the type and number of questions that should be administered

Table 2
Number of patients showing agreements and discrepancies between the Coma Recovery Scale-Revised (CRS-R) and the Simplified Evaluation of CONsciousness Disorders

(SECONDs).

Same-day SECONDs Best SECONDs

UWS MCS- MCS+ EMCS UWS MCS- MCS+ EMCS

CRS-R UWS 11 1 0 0 10 2 0 0

MCS- 3 8 3 0 3 8 3 0

MCS+ 0 4 8 2 0 1 11 2

EMCS 0 0 3 14 0 0 0 17

Left: comparison between the CRS-R and the SECONDs administered on the same day. Right: comparison between the CRS-R and the best SECONDs diagnosis. Shaded cells

show disagreement in diagnosis. Light grey cells include patients with a better diagnosis using the SECONDs versus the CRS-R. Dark grey cells include patients with a better

diagnosis using the CRS-R versus the SECONDs. Specifically, P3 was diagnosed as MCS- with the SECONDs and UWS with the CRS-R, whereas the opposite was found in P1, P6

and P31. Regarding both categories of MCS, P21, P28 and P55 were diagnosed as MCS+ with the SECONDs and MCS- with the CRS-R, whereas the opposite was observed in P2,

P26, P54 and P57. Finally, P33 and P50 were diagnosed as EMCS with the SECONDs and MCS+ with the CRS-R, whereas the opposite was found in P18, P24 and P38. UWS,

unresponsive wakefulness syndrome; MCS-, minimally conscious state minus; MCS+, minimally conscious state plus; EMCS, emergence from the minimally conscious state.
more conservative.
The second item responsible for the discrepancies between

both scales was command-following. The number of requested
trials might have affected some diagnoses. Specifically, the
SECONDs considers 2 of 3 successful trials as a sufficient proof
of command-following capacity, whereas the CRS-R requires 3 of
5

to assess communication in individuals with DoC. For example, the
well-known Glasgow Coma Scale (GCS) [26] and the FOUR [18],
which are used in acute settings, require 1 and 3 different
commands, respectively. This lack of guidelines was also
highlighted by a recent review that recommended international
consensus development on definitions, operational criteria and
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ssessment procedures for visual pursuit and fixation [27]. There-
ore, future studies should aim for evidence-based (or at least
onsensus-based) guidelines regarding the best stimuli and
rocedures to assess responses classically associated with
iagnostic criteria (e.g., visual pursuit/fixation, command-follow-

ng, functional communication and object use).
The SECONDs presents several advantages, because the use of a

cale that is fast to administer may allow for repeated
ssessments, decrease the effect of the duration on patients’
atigue or collaboration and, consequently, reduce the misdiag-
osis rate in this population [11]. The SECONDs is more likely to be

mplemented efficiently in settings where time constraints
reclude a comprehensive assessment of the level of conscious-
ess in these individuals and could be used in rehabilitation to
asily track their progress over time. With this in view, further
tudies should focus on the validation of the SECONDs in acute
ettings such as intensive care units, where it could be compared
o other bedside assessment scales such as the GCS or the FOUR.
ur scale additionally offers the advantage of providing a total

core corresponding to one diagnosis (from 0 = coma, 1 = UWS, 2-
 = MCS-, 6-7 = MCS+ to 8 = EMCS). By contrast, the CRS-R total
core cannot be used to infer the diagnosis. A CRS-R cut-off score of
0/23 has been associated with high sensitivity to the presence of
igns of consciousness (i.e., individuals in a MCS-, MCS + or EMCS),
lthough 22% of individuals demonstrating conscious awareness
ased on CRS-R diagnostic criteria had total scores < 10 and were
herefore considered to be unconscious based on the cut-off
8]. Also, the SECONDs provides an easy-to-use assessment that
equires less material (i.e., only a mirror) and potentially a shorter
raining (given the low number of items) as compared with the
RS-R, whose reliability was shown to be influenced by raters’

evel of experience [28]. However, the smaller number of items
ested in this shorter scale precludes the examiner from assessing
uditory, visual and (oro-)motor functions as thoroughly as with
he CRS-R. The SECONDs also does not solve the problem of
phasia in evaluating consciousness after severe brain injury [29],
hich was highlighted with the CRS-R [30], and does not bring

ew clues to better detect the presence of cognitive-motor
issociation at the bedside [31]. Further investigations are
ecessary to judge how much these 2 aspects affect the SECONDs’
cores.

This inaugural study of the SECONDs presents several
imitations. First, because our study was performed in one main
ospital (for 30/57 patients) and 3 rehabilitation centers (for 27/57

ndividuals), an external validation in a larger sample is needed.
oreover, even if the total number of included individuals is

obust (n = 57), they form a very heterogeneous population spread
cross the spectrum of DoC profiles, and thus, the number of
ndividuals in each diagnostic category is limited. Here we did not
nclude repeated CRS-R because our 2-day protocol was built to
ptimize measures related to concurrent validity as well as intra-/

nter-rater reliability. Hence, other studies should consider a
omparison of SECONDs vs CRS-R diagnoses based on repeated
ssessments [11,12]. A prospective longitudinal study should
urther assess the predictive value of our scale with regard to the
egree of functional recovery. Because this new tool was
eveloped at the request of clinicians internationally in order to
eet the field constraints efficiently, the next major step should be

o focus on the validation of the scale in English and other
anguages as well as its characteristics when used routinely by
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