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Disorders of consciousness (DOC) are a common conse-
quence of severe brain injuries, and clinical evaluation is
critical to provide a correct diagnosis and prognosis.
The revised Motor Behavior Tool (MBT-r) is a clinical
complementary tool aiming to identify subtle motor
behaviors that might reflect residual cognition in DOC.
In this prospective study including 30 DOC patients in
the early stage after brain injury, we show that the
revised MBT-r has an excellent inter-rater agreement
and has the ability to identify a subgroup of patients,
underestimated by the Coma Recovery Scale-Revised,
showing residual cognition and a subsequent recovery

of consciousness.
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Disorders of consciousness (DOC) are a common con-
sequence of severe brain injuries. Physicians in inten-
sive care units (ICUs) are challenged with providing
diagnoses and prognoses, which, in turn, lead to complex
therapeutic and ethical decisions. In addition, bedside
clinical examinations may be hampered by several factors,
which often lead to misdiagnosing conscious patients as
unconscious.' ™

Using complementary methods, including functional
brain imaging and electroencephalography, residual cogni-
tion has been identified in patients who are behaviorally
indistinguishable from those with unresponsive wakefulness
syndrome (UWS), leading to a new terminology called
cognitive-motor dissociation (CMD).>” In this respect, the
validated scales used in the clinical evaluation of DOC are
mainly based on residual motor output, therefore limiting
their ability to unmask a patient’s cognitive abilities to inter-
act, in case of impaired motor efference/output. The Motor
Behavior Tool (MBT)® was developed as a complement to
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the Coma Recovery Scale-Revised (CRS-R),” to identify
subtle motor behavior not taken into account in the CRS-R
that could be useful to identify residual cognition in
DOC patients. A previous preliminary study reported the
usefulness of the MBT to predict outcome early after severe
brain injury.®

A new version of the MBT, with a simplified scoring
method not requiring any post-hoc computation, has been
conceived to be used as a stand-alone bedside clinical
motor observational tool complementing the CRS-R
assessment.

In this prospective study, we therefore administered
the revised MBT (MBT-1) to a cohort of 30 patients with
DOC in the early stage after brain injury to (1) assess inter-
rater agreement and (2) support previous findings suggesting
that the MBT-r can unmask a subgroup of patients with
DOC, underestimated by the CRS-R, thus providing a reli-

able early prediction of consciousness/awareness recovery.

Patients and Methods

The study has been approved by the CHUV Hospital
review board and an informed consent obtained from the
patient’s relatives.

Patients admitted in 2017 to the ICU, following a
severe brain injury were consecutively included in the study.
Inclusion criteria were (1) age = 16 years, (2) legally autho-
rized surrogate available to provide informed consent, (3) his-
tory of severe acquired brain injury within the last 28 days,
(4) Glasgow Coma Scale total score between 3 and 8 at the
time of enrollment, and (5) continuous therapeutic sedation
stopped at least 24 hours before the first assessment. Exclu-
sion criteria included paroxysmal autonomic instability with
dystonia and/or intractable/lunmanageable hemodynamic
instability and/or seizure disorders.

All therapeutic decisions, including withdrawal of life-
sustaining therapies, were performed using a multimodal
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approach'® by physicians at the ICU who were not involved
in the present study and blinded to the MBT-r results.

Three examiners, blinded to the patients’ imaging
and clinical history, independently assessed (within
24 hours) each patient with the CRS-R,” using the MBT-
r to score additional motor and behavioral responses
observed during the CRS-R. The test administration and
examiner’s tasks were pseudo-randomized to prevent order
effects.

The MBT-r (see Table 1 for details) was designed to
detect “positive” motor signs expression of residual cognition

(limb, facial, ocular, or oral intentional or nonreflexive

environment or signs of verbal or behavioral interaction, not
always reproducible).

Residual cognition was considered present when at
least one positive item was scored. Negative signs were not
considered in the scoring, but only used as red flags to
suspect brainstem or pyramidal tract lesions.

Inter-rater agreement of the MBT-r was measured for
each clinical item as well as for the MBT-r classification
(ie, presence/absence of residual cognition). Cohen’s kappa
coefficient (k) was used to measure inter-rater agreement;
acceptable inter-rater agreement was set at k > 0.7.

According to the best CRS-R scores out of the three -

. . 9 . .
movements appearing spontaneously or in response to the assessments, patients were classified as coma, UWS,
TABLE 1. The Motor Behavior Tool Revised
Item Notes/Instructions Cohen’s ¥
Positive 1 Spontaneous nonreflexive Observation of the patient without any stimulation. At least one  0.786
signs movements nonreflexive movements defined as intentional motor pattern
nonstereotypical, not contextualized, and nonrepetitive
2 Response to command Any scorable response to verbal command 0.703
3 Visual fixation or visual pursuit Any clearly discernible visual fixation or visual pursuit in any 0.869
direction
4 Responses in a motivational Any increased in the frequency of nonreflexive motor responses ~ 0.525
context in a salient context (eg, mother tongue, patient’s own name)
5 Defensive nonreflexive response to  Twisting the patient’s nipple while keeping the patient’s healthier  0.850
a noxious stimulation: nipple arm between the patient’s body and the examiner’s arm. Any
attempt to push away the examiner’s arm that is not a
sterotypical posture involving extension and internal rotation of
the arms
6 Defensive nonreflexive response to  Deep pressure to nailbeds of four extremities. Any limb 0.725
a noxious stimulation: nailbed movement whose kinematics differs from a motor reflex response
in terms of orientation planes and the type of elicited muscles is
scored as defensive.
7 Response to a noxious Observation of at least one grimace during administration of 0.765
stimulation: grimace noxious stimulation
Negative 8 Abnormal motor or Observation of slow, stereotyped flexion or extension of the 0.585
Signs neurovegetative responses to upper and/or lower extremities after noxious stimulation or
stimulation neurovegetative responses (ie, tachycardia, hypo-/
hyperventilation, hypertension, excessive sweating) to stimulation
9 Signs of roving eyes or absence of ~ Slowly roving eyes movements are typical of metabolic 0.700
oculocephalic reflex encephalopathy indicating diffuse cerebral dysfonction.
Oculocephalic responses imply intact brainstem pathways.
The revised Motor Behavior Tool (MBT-r) aims to identify “signs of residual cognition” in behaviorally unresponsive or minimally responsive patients
according to the CRS-R. This tool consists of a set of seven items that explore different positive motor signs (items 1-7) as well as various reflex
responses (items 8 and 9, negative signs). The MBT-r uses a noncumulative binary scoring system, with 1 and 0 indicating the presence or absence of
a clinical item, respectively. Patients with at least one “positive” sign are classified as having “signs of residual cognition.” “Negative” signs are used to
identify patients with abnormal autonomic responses or brainstem dysfunction and are not considered in the final MBT-r scoring. The “positive” item
“response in a motivational context” has a k < 0.7; therefore, it might not be considered as a reliable isolated sign to detect residual cognition.
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minimally conscious state (MCS), or emergence from
MCS (EMCS) and grouped as unconscious (coma/UWS)
or conscious (MCS/EMCS).

The Glasgow Outcome Scale (GOS) score at hospital
discharge and 3 and 6 months later was used to determine
each patient’s outcome. GOS scores were dichotomously
categorized as favorable for patients with consciousness
recovery (ie, good recovery, moderate disability, or severe
disability) or unfavorable for patients without consciousness
recovery (ie, vegetative state or death).

Favorable and unfavorable outcomes were compared
according to the CRS-R (conscious/unconscious) and
MBT-r classification (presence/absence of residual cogni-
tion) by means of 2 X 2 contingency tables and chi-squared
tests. Results were considered significant at p < 0.05.

Results

Table 2 lists the patient’s demographics, clinical character-
istics, and outcomes. No etiology effect was observed on
the outcomes (data not shown; p = 0.804, Fisher’s
exact test).

The CRS-R diagnosed 24 patients as unconscious
and 6 patients as conscious, with all three examiners gen-
erating identical classifications.

The MBT-r diagnosed 6 patients without signs of
residual cognition and 24 patients with signs of cognition.

The MBT-r-based classifications exhibited excellent
inter-rater reliability (k = 1). Inter-rater agreement for each
MBT-r item is listed in Table 2. Only one item showed an
inter-rater agreement with a k < 0.7 (see Table 2).

Among the 24 patients classified as unconscious with
the CRS-R, 18 (75%) showed signs of residual cognition
with the MBT-r; all 6 patients (100%) classified as con-
scious with the CRS-R showed signs of residual cognition
with the MBT-r (Fig 1A).

Among the 24 patients identified as unconscious by
the CRS-R, 10 (41.7%) had a favorable outcome whereas
none of the 6 identified as conscious by the CRS-R had
an unfavorable outcome (p = 0.019, Fisher’s exact test).

Among the 24 patients identified as showing residual
cognition by the MBT-r, 16 (66.7%) had a favorable out-
come, whereas the 6 remaining patients without residual
cognition all had an unfavorable outcome (p = 0.005,
Fisher’s exact test; Fig 1B).

A strong consistency between the outcomes mea-
sured at hospital discharge and at 3 and 6 months was
observed (see Table 2).

The 8 patients with residual cognition at MBT-r but
unfavorable outcome were older (75.1 4+ 10.9 versus
59.0 £ 15.9; p = 0.018, ¢ test) and displayed a higher rate
of negative signs (25% versus 50%; p = 0.22, Fisher’s
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exact test) than patients with favorable outcome, without

any difference in etiology (p = 0.74, Fisher’s exact test).

Discussion

The present study reports an excellent inter-rater agree-
ment of the MBT-r for classifying patients with or with-
out residual cognition, early after therapeutic sedation
withdrawal. In addition, the MBT-r identified signs of
residual cognition in 75% of patients who were classified
as unconscious (coma/UWS) by the CRS-R. Moreover,
presence of residual cognition at an early stage was related
to subsequent consciousness recovery, in agreement with
previous findings with the first version of the MBT.® Our
data, prospectively obtained in an ICU setting, support
the notion that a wide range of cognitive capacities might
be detected early after brain injury, and, more important,
that their assessment is critical for determining an accurate
prognosis.' "> The integration, as early as possible in the
ICU setting, of MBT-r—based clinical observation might
improve/contribute to outcome prediction based on elec-
trophysiological and functional neuroimaging.”

When examining brain-damaged patients with
altered states of consciousness, it remains challenging to
reliably document the presence or the absence of any
motor behavior that reflects conscious/cognitive activity.
The MBT-r allows for assessing subtle motor/behavioral
signs that may indicate nonreflexive intentional responses
rather than reflexive motor reactions. Nonreflexive inten-
tional responses may reflect the expression of residual/pre-
served interactive capacity, which has been proposed as a
Furthermore, the MBT-r
considers facial grimacing after noxious stimulation as a

. 13
marker fOI‘ consciousness.

positive interaction sign, even in the absence of appropri-
ate motor responses. As originally described,'*"> the
absence of motor responses, if accompanied by facial gri-
macing, suggests that the defect is motor instead of con-
sciousness related.

The MBT-r—based outcome prediction, in terms of
consciousness recovery, may indeed highlight the involve-
ment of blocked motor efference/output, rather than a
true consciousness disorder, in a subset of patients with
DOC who show minimal responsiveness at the bedside.
Given the prognostic implications,' "' establishing whether
a patient has residual cognition is of great significance, and
we believe that the MBT-r may serve as a simple and eco-
nomic tool for distinguishing CMD from other DOC.
However, without valid references to confirm the presence
of CMD,>” this should be regarded as a working hypothe-
sis and further confirmed by experiments comparing/
integrating the MBT-r with functional neuroimaging

. 1
and/or neurophysiological measurements.'®
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10
11
12
13
14
15
16
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18
19
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21
22
23
24
25
26
27
28
29
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30
Mean + SD

Age

56
73
58
68
72
71
58
78
27
25
56
65
70
69
34
82
53
73
40
57
54
75
69
83
73
72
77
84
59
87
63.9 + 16.0

Etiology

Hemorrage
Hemorrage
Hemorrage
Metabolic
Hemorrage
Trauma
Hemorrage
Hemorrage
Trauma
Trauma
Hemorrage
Hemorrage
Stroke
Hemorrage
Anoxia
Anoxia
Hemorrage
Trauma
Trauma
Metabolic
Metabolic
Hemorrage
Hemorrage
Hemorrage
Hemorrage
Trauma
Hemorrage
Trauma
Anoxia

Hemorrage

Time to
clinical
Appraisal
(days)

12

17
16

11

12
15

23
14
11

11

5

12

7

20

2

9.7 £ 4.9

CRS-R

Coma
MCS
MCS
UWwSs
Coma
Coma
Coma
UWS
MCS
Coma
Coma
Coma
Coma
EMCS
Coma
UwWsS
Coma
MCS
UwWsS
Coma
UWwSs
EMCS
UWS
Coma
UwsS
Coma
MCS
Uws
UWS
UWS

*Withdrawal of life support measures because of neurological complications.

MBT-r
Residual
Cognition
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PWithdrawal of life support measures because of non-neurological complications.

TABLE 2. Patient’s Demographics, Clinical Characteristics, and Outcomes

Time to
Discharge
(days)

211
47
21
36

29

29
17
19

13
39

35
34
44
15
10
35
50

22

26

7

16.8 £ 15.0

GOS at
Discharge

la

N W W

GOS at

3 Months 6 Months

B

MCS = minimally conscious state; UWS = unresponsive wakefulness syndrome; EMCS = emergence from minimally conscious state; NA = not avail-

able (the patient moved to another country); SD = standard deviation; MBT-r = revised Motor Behavior Tool; GOS = Glasgow Outcome Scale.

GOS at

NV BV BV
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FIGURE 1: CRS-R classification and residual cognition as
detected by MBT-r (A) and prediction of consciousness recovery
according to CRS-R and MBT-r (B). CRS-R = Coma Recovery
Scale-Revised; ECMS = emergence from minimally conscious
state; MBT-r = revised Motor Behavior Tool; MCS = minimally
conscious state; UWS = unresponsive wakefulness syndrome.

The findings from this study should be viewed in the
context of several limitations. First, our results may not be
generalizable to all patients with DOC attributed to the rel-
atively small and heterogeneous cohort. To avoid selection
bias, we consecutively included all ICU cases, including
aged patients and severe cases, often having a fatal outcome.
It has to be noted that all the therapeutic decisions, includ-
ing withdrawal or limitation of life-sustaining treatment,
were taken by physicians blinded to the study results fol-
lowing a consolidated multimodal approach.'® We believe
therefore that the risk of self-fulfilling prophecy is limited
in our study. However, multicenter studies in larger popu-
lations involving different countries with different regula-
tions are needed to confirm these results.

In conclusion, our data confirm that the MBT-r,
used as a complement to CRS-R, is a useful clinical tool
that identifies signs of residual cognition underestimated
by the CRS-R and predicts consciousness recovery in
acute patients with DOC.
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