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Abstract

Background The principal conditions differentiating disorders of consciousness (DOC) patients are the unresponsive wake-
fulness syndrome/vegetative state (UWS/VS) and the minimally conscious state (MCS). Many individuals who suffer from
sudden-onset severe brain injury move through stages of UWS/VS and MCS before regaining full awareness. In some patients,
the DOC condition is protracted for years (PDOC). In this study, we observed PDOC patients for 6 months to assess possible
changes in their level of consciousness.

Methods We enrolled 40 PDOC patients, 23 UWS/VS and 17 MCS hosted in a dedicated unit for long-term brain injury
care. The time from injury was 472 + 533 days for UWS/VS and 1090 + 1079 days for MCS. The Wessex Head Injury Matrix
(WHIM), Coma Recovery Scale-R (CRS-R), and Nociception Coma Scale were administered monthly for 6 months.
Results During the period of assessment, the percentage of UWS/VS shifted from 58 to 45%, while for the MCS, from 42
to 55%. A positive correlation was found for the UWS/VS patients between the months of observation with the CRS-R total
score and WHIM total numbers of behaviors (TNB). In the UWS/VS group, the CRS-R auditive and visual subscales cor-
related positively with the observation time. During the whole period of observation, 8 patients had constant CRS-R total
scores while the WHIM TNB changed in 7 of them.

Conclusion Our findings demonstrated that the monthly assessment of PDOC by means of the CRS-R and WHIM was able
to detect also subtle changes in consciousness level.

Keywords WHIM - CRS-R - NCS - Prolonged disorders of consciousness - Unresponsive wakefulness syndrome -
Minimally conscious state

Introduction

Consciousness is a complex concept that has several facets.
It comes from the Latin conscientia that in turn derives from
the verb conscio, conscire, and is created by the fusion of
the preposition cum (with) and the verb scio (to know) [1].
The Latin root indicates the knowledge shared with another
and, for extension, with oneself. The Oxford Companion to
Philosophy states that “consciousness exists, but it resists
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definition” [2], implying the risk of being inaccurate when
we define it.

With the term consciousness, we generally refer to the
waking state (i.e., in the neurological field, consciousness is
often associated with the waking state and with the ability to
respond to stimuli in an integrated manner); to the percep-
tual awareness (i.e., to denote the perceptual awareness of
a person or an animal); and to the intentional state (i.e., any
mental state that has propositional content, such as a belief,
fear, hope, expectation, or purpose) [3].

Among the several definitions of consciousness proposed
[4], the one by William James [5] is helpful for describing
disorders of consciousness (DOC) along a continuum: “at
its least, normal human consciousness consists of a serially
time-ordered, organized, restricted and reflective awareness
of self and the environment. Moreover, it is an experience
of graded complexity and quantity.” However, the intimate
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relationship between arousal level and the fundamental neu-
ropsychological elements of normal conscious brain func-
tion, which supply the contents of consciousness, is omitted
from this definition.

According to neurological studies, consciousness is
characterized by two essential characteristics: wakefulness
(i.e., the presence of spontaneous periods of opening the
eyes) and awareness (i.e., the capacity of a subject to react
to internal and external stimuli in an integrated manner) [6,
7]. A variety of disorders impacting one’s capacity to engage
with the outside world are referred to as DOC [8], such as
the unresponsive wakefulness syndrome/vegetative state
(UWS/VS), the minimally conscious state (MCS), locked-
in syndrome, and akinetic mutism [9, 10]. However, locked-
in syndrome and akinetic mutism are different conditions
from the DOC. The locked-in syndrome is characterized
by quadriplegia, lower cranial nerve paralysis, and mutism.
The consciousness is intact, but voluntary motor control is
impaired except for some eye movements [11]. The akinetic
mutism is characterized by diminished neurologic drive with
a decrease in nearly all motor functions. Also, facial expres-
sions, gestures, and speech output are impaired, but visual
tracking is preserved [11]. The differential diagnosis among
UWS/VS, MCS, akinetic mutism, and locked-in syndrome
could not be as simple [10].

The principal conditions that differentiate UWS/VS and
MCS are that the first is characterized by the spontaneous
opening of the eyes and reflexive responses to external stim-
uli, while in the second [7, 12], the patients exhibit minimal
but discernible signs of non-reflex behaviors, which occur
reproducibly (yet inconsistently) as a response to visual,
auditory, tactile, or noxious stimuli. Given the clinical
heterogeneity of MCS patients, those that show an intel-
ligible verbalization or gestural or verbal yes/no intentional
communication, consistent command-following, and the
presence of functional object use are generally classified
as MCS +, while those without these criteria are classified
MCS —[13, 14].

DOC can be caused by either traumatic (such as car acci-
dent) or non-traumatic (such as surgery, infection, anoxia,
and cardiac arrest) events that cause widespread functional
changes or by more widespread injuries.

Patients may or may not transition sequentially through
each state of consciousness when experiencing DOC. Many
individuals who suffer from sudden-onset severe brain injury
move through UWS/VS and MCS before regaining full
awareness. In some patients, this change may happen over
a few days or weeks, while for others, the DOC condition is
protracted for years (PDOC) [7, 15]. Some patients reach a
plateau remaining the rest of their lives in UWS/VS or MCS
[7]. It was observed that the restoration of cerebral network
activity and consequent recovery of consciousness in PDOC
patients [16], when present, could be slow [17, 18].
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Accurate differential diagnosis is critical in the clinical
management of DOC patients. The approach to treatment is
driven by the diagnosis, which is strongly associated with
functional outcome.

Diagnostic taxonomies based on pathophysiological
mechanisms have yet to be developed, so DOC are classified
primarily based on observable behavioral features and their
inferred relationship to the level of consciousness.

Scales such as the Coma Recovery Scale-Revised (CRS-
R) [19] and Wessex Head Injury Matrix (WHIM) [20] were
developed to assess patients with DOC but using different
approaches.

The CRS-R was developed to differentiate and diagnose
UWS/VS, MCS conditions, and the emersion from MCS
using the Aspen criteria [21]. Its scoring is based on the
existence or absence of specific behavioral reactions (i.e.,
auditory, visual, motor, and oro/verbal functions, com-
munication, and arousal) to standardized sensory stimuli.
Following these criteria, a CRS-R total score higher than 8
indicates a higher probability of diagnosing an MCS, and
a score of 10 or higher can be interpreted as a marker of
conscious aware [22, 23]. Furthermore, in the CRS-R, some
items are indicative of MCS (e.g., fixation in the visual func-
tion scale, reproducible movement to command in the audi-
tory function scale, or localization to noxious stimulation
in the motor function scale) or emersion from MCS (e.g.,
functional object use in the motor function scale).

Similarly, behavioral responses are used to assess pain in
DOC patients. With this aim, the Nociception Coma Scale
(NCS) [24] and its revised version (NCS-R) [25] were devel-
oped and used in assessing DOC patients, observing that a
score of 5 and 3 for NCS and NCS-R, respectively, could
be predictive of change of the level of consciousness from
UWS/VS to MCS [26].

The WHIM does not directly distinguish UWS/VS and
MCS patients but monitors subtle behavioral changes. It
was developed to identify sequences of recovery processes
encompassing cognitive, social, behavioral, attentive, and
communicative aspects and is composed of 62 items and
two scores that define the most advanced behavior (MAB)
and total number of different behaviors items (TNB) [27].

In the CRS-R, the examiner, in line with the hierarchi-
cal organization of the scale, starts assessing the highest
item (i.e., the item indicating contents of consciousness).
The behavioral response to the stimulus must be repeated
at least three times to assign the score. Then, once an item
is scored, the examiner moves to the next subscale. The
WHIM scale assesses behavioral responses with increasing
complexity, and the score is based on the presence of the
observed behavior.

The different approaches between CRS-R and WHIM in
assessing the patients make the WHIM potentially more sen-
sible in detecting subtle changes in PDOC patients.
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In this study, we aim to observe the possible modification
of the behavioral response in PDOC patients, with a time
from injury of a minimum of 6 months, hosted in a dedicated
care unit, and if the WHIM can help to detect subtle changes.
With this aim, the behavioral responses were assessed by the
CRS-R, WHIM, and NCS.

Considering the characteristics of the used scales, we
expect to find a correlation between the behavioral scales
and a higher sensitivity of the WHIM in observing a subtle
change in the behavioral responses. When present, we also
assume to find a correlation between a change in the level
of consciousness assessed with CRS-R and WHIM and the
observation period. Moreover, a higher variation in the MAB
and TNB scores of the WHIM compared to the total score
of the CRS-R and NCS is also conceivable.

Materials and methods
Patient population and setting

We enrolled 40 PDOC patients, 23 UWS/VS (8 female, age
56 +12; 15 male, age 54+ 10) and 17 MCS (5 female, age
58+ 11; 12 male 50 + 18) with an educational level ranged
between secondary school and graduate, hosted in the S.
Anna Institute in a dedicated unit for long-term brain injury
care. The time from injury was 472 +533 days for UWS/VS
and 1090 + 1079 days for MCS (Table 1).

Inclusion criteria were a diagnosis of UWS/VS or MCS
based on the CRS-R and more than 180 days from the injury.
Patients were excluded if they had clinical instability, sepsis,
COVID-19 infection, and previous neurological or psychi-
atric disorders.

Outcome measures and procedures

The patients were administered CRS-R, WHIM, and NCS
once a month for 6 months (Tables 2, 3, and 4), for an over-
all time from the first assessment to the last of 5 months,
by an expert rater with more than 15 years of experience
treating DOC patients. The patients were assessed between
09:30 a.m. and 11:30 a.m., considering the fluctuation in
the arousal [7] and following the indication in Candelieri
[28] and Cortese [29], who observed a higher probability
of obtaining a behavioral response in this time range. The
assessment modality was the same across the patients and
the time points. The time of administration of the WHIM
takes around 30 min and never more than 40 min. Differ-
ently, the time of administration of the CRS-R lasted no
more than 20 min and the NCS around 5 min.

The CRS-R consists of 23 items divided into six sub-
scales (i.e., auditory, visual, motor, oromotor/verbal, com-
munication, and arousal subscales), which are arranged

hierarchically. The scale assesses brain stem, cortical, and
sub-cortical functioning. The scoring is based on the pres-
ence or absence of specific behavioral reactions to standard-
ized sensory stimuli. The lowest items of the scale represent
a reflexive activity, and the higher items a cognitively medi-
ated response [19].

The WHIM is composed of 62 items hierarchically
organized. The sequence is organized in a well-defined
category of observation regarding the individual’s level of
responsiveness and interaction with the environment. It was
designed to observe spontaneous behaviors (e.g., opening
eyes or attempting to remove a nasogastric tube), behavioral
responses to environmental stimuli presented accidentally
(e.g., turning the head briefly toward a noise), and to a stand-
ard set of stimuli (e.g., calling the patient’s name). All the
observed behavior was marked with “—"" if they met the
operational definitions; otherwise were marked with “+.”
After ten consecutive not-observed behaviors, the assess-
ment ended. The last marked item represents the MAB
score, and the number of observed items is the TNB score
[20].

NCS consists of 12 items divided into four subscales to
assess motor, verbal, visual, and facial responses to noxious
stimulation, while the revised version does not include the
visual subscale. Each subscale ranges from 0O (no response)
to 3 (appropriate response). The behavioral response was
assessed by nailbed pressure applied to the four limbs for 5 s
and ended as soon as a behavioral response was observed.
Behavioral responses were recorded for 10 s after each
noxious stimulus. The best-observed response was used to
assign the score [24].

Statistical analyses

The correlation between the CRS-R and NCS total score
WHIM TNB and MAB and the correlation between months
of assessment and scales were explored by the Spearman
correlation test.

The correlation between the months of observation and
the CRS-R, NCS, and WHIM subscales was also explored.
We additionally clustered the WHIM’s items following the
criteria of the CRS-R in TNB visual, auditive, arousal, oro-
motor/verbal, and communication subscales (Fig. 1, Table 5)
to assess the correlation between each behavioral function
and period of observation as assessed for the CRS-R.

Variation between the level of consciousness between the
first assessment and the successive ones was compared by
paired ¢-test. For multiple comparisons, the p-value was set
to 0.005.

The study was approved by the Ethical Committee
(Regione Calabria Comitato Etico Sezione Area Centro,
n.320, December 21, 2017). The patients’ relatives and car-
egivers were informed about the experimental procedure and
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Table 1 Demographics

. . Patient Diagnosis Sex Educational Age Etiology Time from
information level injury
(days)
1 UWS/VS Male H 62 TBI 490
2A G 47 394
3A S 62 258
4 H 56 HEM 297
SA G 51 295
6+t S 65 273
G 59 968
G 52 ANOX 180
H 42 2291
10 G 61 197
11 S 70 187
12+® H 39 257
13 H 64 214
14A H 47 OTHER 189
15A G 39 184
16 UWS/VS Female S 64 HEM 180
17 H 56 219
18 S 75 281
19+ H 58 874
20 G 49 538
21%® G 39 ANOX 190
22A H 65 1705
23 G 42 203
24 MCS Male H 27 TBI 411
25% H 19 181
26 H 44 3012
27 S 69 2568
28 S 70 3325
29 G 47 1488
30 G 40 317
31 S 76 HEM 2143
3% G 64 1021
33V H 41 277
34 H 66 193
35+@ G 42 ANOX 226
36 MCS Female S 65 HEM 196
37 H 48 366
38 G 47 1040
39 S 71 1591
40V H 58 OTHER 190

UWS/VS, unresponsive wakefulness syndrome; MCS, minimally conscious state; 7BI, traumatic brain
injury; HEM, hemorrhagic; ANOX, anoxic; OTHER, other etiology; A, change the level of conscious-
ness in MCS; 'V, change the level of consciousness in UWS/VS; *discarged after 4 months; * +died after
4 months; *@ discarged after 4 months and died in the successive months; G, graduate; H, high school; S,
secondary school

gave their consent. The study was conducted according to Results
the World Medical Association’s Declaration of Helsinki.
Comparing MCS and UWS/VS groups for age and gender,
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Table2 CRS-R assessment Total score (auditory/visual/motor/oromotor-verbal/communication/arousal)

Patient Diagnosis Month

1 2 3 4 5 6
1 UWS/VS 7 7 7 7 7 7
QIU/1/0/2)  (/1/1/02)  (2/1/1/1/0/2) (2/1/1/1/012)  (2/1/1/1/0/2) (2/1/1/1/0/2)
2 6 12 9 10 9 10
O3/1/1/0/1)  (3/3/172/172)  (213/1/1/0/2) (2/3/1/2/012) (2/3/1/1/0/2) (2/3/1/2/0/2)
3 5 10 9 10 10 9
(LI0/2/1/0/1)  (4/0/3/1/072)  (3/0/3/1/0/2) (4/0/3/1/0/2) (4/0/3/1/0/2) (2/1/3/1/0/2)
4 7 7 7 7 5 6
QI12/1/0/1)  (2/2/1/0/1)  (2/172/1/0/1) (2/1/2/1/0/1)  (2/0/2/1/0/0) (2/0/2/1/0/1)
5 6 6 9 9 10 10
(/1/2/1/001)  (1/1/2/100/1)  (2/212/1/0/2) (2/3/1/1/0/2) (2/312/1/0/2) (2/3/2/1/0/2)
6 6 6 6 6
(1/0/2/1/0/2)  (1/0/2/1/0/2)  (1/0/2/1/0/2) (1/0/2/1/0/2)
7 6 5 6 5 5 5
(1/0/2/1/0/2)  (1/0/2/1/0/1)  (1/0/2/1/0/2) (1/0/2/1/0/1) (1/0/2/1/0/1) (1/0/2/1/0/1)
8 5 5 4 5 6 5
(1/0/2/1/0/1)  (1/0/2/1/0/1)  (1/0/2/1/0/0) (1/0/2/1/0/1) (1/0/2/1/0/2) (1/0/2/1/0/1)
9 5 5 5 5 4 5
(1/1/1/0/0/2)  (1/1/1/0/0/2) (1/1/1/0/0/2) (1/1/1/0/0/2) (1/1/1/0/0/1) (1/1/1/0/0/2)
10 4 4 4 5 5 5
(1/0/1/1/0/1) - (1/0/1/1/1/0)  (1/0/1/1/0/1) (1/0/1/1/072) (1/0/2/1/0/1) (1/0/2/1/0/1)
11 7 6 7 7 5 6
QI0/2/1/0/2) (L/0/2/1/0/2)  (2/0/2/1/0/2) (2/0/2/1/0/2) (1/0/2/1/0/1) (1/0/2/1/0/2)
12 5 5 7 7
(1/0/2/1/0/1)  (1/0/2/1/0/1)  (1/172/1/0/2) (1/1/2/1/0/2)
13 4 5 6 6 5 5
(/0/1/1/0/1)  (1/1/171/0/1) - (1/171/1/0/2) (1/1/1/1/0/2)  (1/1/1/1/0/1)  (1/1/1/1/0/1)
14 8 8 11 11 9 9
(1/1/2/2/0/2) (1/1/2/2/002)  (3/3/1/2/0/2) (3/3/1/2/0/2) (3/3/1/1/0/1) (3/3/1/1/0/1)
15 4 10 11 12 16 17
(LO/L/1/0/1)  (3/3/1/1/012)  (31312/1/0/2)  (3/3/2/1/112)  (4/512/11212)  (4/5/2/1/2/3)
16 4 5 5 5 5 6
(1/0/2/0/0/1)  (1/0/2/1/0/1)  (1/0/2/1/0/1) (1/0/2/1/0/1)  (1/0/2/1/0/1)  (1/0/2/1/0/2)
17 6 6 6 8 8 8
(U/12/1/0/1)  (U1/2/1/0/1)  (1/172/1/0/1) (2/1/2/1/0/2) (2/1/2/1/0/2) (2/1/2/1/0/2)
18 6 6 6 6 6 6
O/1/2/1/0/2)  (0/1/2/1/072)  (1/0/2/1/0/2) (1/0/2/1/0/2) (1/1/2/1/0/1) (1/0/2/1/0/2)
19 6 6 6 6
(1/0/2/1/0/2)  (1/0/2/1/072)  (1/0/2/1/0/2) (1/0/2/1/0/2)
20 4 5 4 5 5 5
(LO/1/1/0/1)  (L/0/1/1/072)  (L/0/1/1/0/1) (1/0/1/1/0/2)  (1/0/1/1/0/2) (1/0/1/1/0/2)
21 8 6 6 6
Q/1/2/1/012)  (1/0/2/1/072)  (1/0/2/1/0/2) (1/0/2/1/0/2)
2 7 9 9 9 9 9
(/1/2/1/012)  (2/172121002)  (2/172/2/0/2) (2/1/2/2/0/2) (2/1/2/2/0/2) (2/1/2/2/0/2)
23 6 6 8 8 8 8

(17172/1/0/1)  (1/1/2/1/0/1) (2/1/2/1/0/2) (2/1/2/1/0/2) (2/1/2/1/0/2) (2/1/2/1/0/2)
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Table 2 (continued)

Total score (auditory/visual/motor/oromotor-verbal/communication/arousal)

Patient Diagnosis Month
1 2 3 4 5 6
24 MCS 10 10 10 11 11 11
(2/3/2/1/0/2)  (2/3/2/1/0/2) (2/3/2/1/0/2) (3/3/2/1/0/2) (3/3/2/1/0/2) (3/3/2/1/0/2)
25 9 11 11 11
(3/1/2/1/0/2)  (3/3/2/1/0/2) (3/3/2/1/0/2) (3/3/2/1/0/2)
26 12 12 12 12 12 13
(0/3/5/2/0/2)  (0/3/5/2/0/2) (0/3/5/2/0/2) (0/3/5/2/0/2) (0/3/5/2/0/2) (0/4/5/2/0/2)
27 10 10 10 10 10 8
(2/3/2/1/0/2)  (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2) (1/3/2/1/0/1)
28 12 12 12 12 10 10
(2/2/5/1/0/2)  (2/2/5/1/0/2) (2/2/5/1/0/2) (2/2/5/1/0/2) (2/1/5/1/0/1) (2/0/5/1/0/2)
29 9 10 10 10 10 10
(2/3/1/1/0/2)  (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2)
30 9 9 10 9 10 10
(2/2/2/1/0/2)  (2/2/2/1/0/2) (2/3/2/1/0/2) (2/2/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2)
31 10 10 10 10 10 10
(2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2)
32 13 13 13 13
(2/3/412/0/2) (2/3/412/0/2) (2/3/4/2/0/2) (2/3/4/2/0/2)
33 10 4 4 3 5 7
(3/3/1/1/0/2) (1/0/1/1/0/1) (1/0/1/1/0/1) (1/0/1/1/0/0) (1/0/1/1/0/2) (2/1/1/1/0/2)
34% 12 17 17 16 16 15
(3/3/3/1/0/2) (4/5/5/1/0/2) (4/5/5/1/0/2) (4/3/5/2/0/2) (4/3/5/2/0/2) (3/3/5/2/0/2)
35 10 10 10 10
(2/3/172/0/2)  (2/3/1/2/0/2) (2/3/1/2/0/2) (2/3/1/2/0/2)
36 9 9 9 10 10 10
(2/3/2/1/0/1) (2/3/2/1/0/1) (2/3/2/1/0/1) (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2)
37 15 10 12 15 15 16
(4/3/5/2/0/1) (2/3/2/1/0/2) (3/3/2/2/0/2) (3/4/5/1/0/2) (3/4/4/2/0/2) (3/5/4/2/0/2)
38 10 10 10 10 10 10
(2/3/2/1/0/2)  (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2) (2/3/2/1/0/2)
39 11 12 11 13 13 13
(2/3/3/1/0/2)  (2/3/3/2/0/2) (2/3/3/2/0/1) (2/3/4/2/0/2) (2/3/4/2/0/2) (2/3/4/2/0/2)
40 9 6 7 6 5 5
(3/3/1/1/0/1)  (1/0/1/2/0/2) (2/1/1/1/0/2) (1/1/1/1/0/2) (1/0/1/1/0/2) (1/0/1/1/0/2)

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

“MCS plus

"*MCS plus with a fluctuation to minus at the second assessment and returning to plus at the other assess-

ment

MCS minus are characterized by visual fixation and pursuit, automatic motor reactions (e.g., scratching,
pulling the bed sheet) and localization to noxious stimulation. MCS plus has in addition: follow simple
commands, intelligibly verbalize or intentionally communicate [14]

no differences were found. Significant differences were
found for time from injury (#(38)=2.17, p=0.04) with
higher values for MCS groups, and for the etiology (X>=8.5,
p=0.04) with higher number of traumatic brain injury (TBI)
patients in MCS group and higher anoxic patients in UWS/
VS group.

After 4 months, 3 MCS patients and 2 UWS/VS returned
home, while 2 UWS/VS patients died. Six UWS/VS patients
(i.e., 1 anoxic, 1 hemorrhagic, 2 traumatic brain injury, 2
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other etiology) changed the level of consciousness in MCS,
and 2 MCS patients (i.e., 1 hemorrhagic, 1 other etiology)
in UWS/VS. For the patients who changed the diagnosis of
the level of consciousness, the range from the acute event to
the first assessment in the dedicated unit for long-term brain
injury care was from 184 to 1705 days for the UWS/VS and
from 190 to 277 days for the MCS. During the 6 months of
assessment, the percentage of UWS/VS shifted from 58 to
45%, while for the MCS, from 42 to 55% (Fig. 2), without
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Table 3 NCS assessment Total score (motor/verbal/visual/facial)
Patient Diagnosis Months
1 2 3 4 5 6
1 UWS/VS 4 5 4 4 4 4
(1/1/1/1) (1/1/172) (2/1/0/1) (1/0/1/2) (1/0/1/2) (1/0/1/2)
2 2 3 3 3 3 3
(1/0/1/0) (1/0/1/1) (1/0/1/1) (1/0/1/1) (1/0/1/1) (1/0/1/1)
3 3 6 6 6 6 6
(2/0/0/1) (3/0/2/1) (3/0/2/1) (3/0/2/1) (3/0/2/1) (3/0/2/1)
4 3 3 3 4 4 4
(2/0/0/1) (1/0/0/2) (1/0/0/2) (2/0/0/2) (2/0/0/2) (2/0/0/2)
5 1 2 3 5 5 5
(1/0/0/0) (2/0/0/0) (2/0/1/0) (1/0/2/2) (2/0/2/1) (2/0/2/1)
6 8 8 8 8
(2/2/2/2) (2/2/212) (2/21212) (2/2/2/2)
7 2 2 2 2 2 2
(1/0/0/1) (1/0/0/1) (1/0/0/1) (1/0/0/1) (1/0/0/1) (1/0/0/1)
8 4 2 2 2 3 3
(2/0/1/1) (2/0/0/0) (2/0/0/0) (2/0/0/0) (2/0/1/0) (2/0/1/0)
9 2 2 2 2 2 2
(1/0/0/1) (1/0/0/1) (1/0/0/1) (1/0/0/1) (1/0/0/1) (1/0/0/1)
10 2 3 2 3 3 3
(1/0/1/0) (1/0/1/1) (1/0/1/0) (1/0/1/1) (1/0/1/1) (1/0/1/1)
11 5 5 5 5 5 4
(2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/1/1)
12 3 4 2 2
(2/0/0/1) (2/0/0/2) (2/0/0/0) (2/0/0/0)
13 2 3 3 3 3 3
(1/0/0/1) (1/0/1/1) (1/0/1/1) (1/0/1/1) (1/0/1/1) (1/0/1/1)
14 7 7 6 6 4 4
(2/2/1/2) (2/2/112) (1/2/1/2) (1/2/1/2) (1/1/1/1) (1/1/1/1)
15 1 2 3 5 7 7
(1/0/0/0) (2/0/0/0) (2/0/1/0) (2/0/2/1) (2/0/3/2) (2/0/3/2)
16 3 3 3 3 3 3
(2/0/1/0) (2/0/1/0) (2/0/1/0) (2/0/0/1) (2/0/0/1) (2/0/0/1)
17 5 5 5 5 5 4
(2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/0/2)
18 4 5 5 5 5 5
(2/0/1/1) (2/0/2/1) (2/0/2/1) (2/0/2/1) (2/0/2/1) (2/0/2/1)
19 4 4 4 4
(2/0/1/1) (2/0/1/1) (2/0/1/1) (2/0/1/1)
20 4 4 4 4 4 4
(2/0/1/1) (2/0/1/1) (2/0/1/1) (2/0/1/1) (2/0/1/1) (2/0/1/1)
21 3 4 5 5
(2/0/0/1) (2/0/0/2) (2/0/1/2) (2/0/1/2)
22 6 6 5 5 6 5
(2/1/112) (2/1/172) (2/0/1/2) (2/0/1/2) (2/1/172) (2/0/1/2)
23 5 5 5 5 5 5
(2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/1/2)
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Table 3 (continued)

Total score (motor/verbal/visual/facial)

Patient Diagnosis Months
1 2 3 4 5 6
24 MCS 6 6 5 5 6 4
(2/0/212) (2/0/212) (2/0/112) (2/0/112) (2/0/2/2) (2/0/2/0)
25 3 3 3 3
(2/0/0/1) (2/0/0/1) (2/0/0/1) (2/0/0/1)
26 7 7 7 7 7 4
(2/17212) 2117212) (2/11212) (2/11212) (2/17212) (2/1/1/0)
27 4 5 5 5 5 5
(2/0/1/1) (2/0/2/1) (2/1/111) (2/0/2/1) (2/0/2/1) (2/0/2/1)
28 5 5 5 5 4 7
(2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/1/2) (2/0/1/1) (2/2/112)
29 3 3 3 3 3 3
(2/0/0/1) (2/0/0/1) (2/0/0/1) (2/0/0/1) (2/0/0/1) (2/0/0/1)
30 6 7 7 6 7 7
(2/1/172) (2/11173) (2/1/1/3) (2/1/172) (2/1/1/3) (2/1/1/3)
31 4 4 4 4 4 4
(1/0/1/2) (1/0/1/2) (1/0/1/2) (1/0/172) (1/0/172) (1/0/1/2)
32 6 7 6 7
(2/0/212) (2/0/312) (2/01212) (2/0/3/2)
33 5 2 2 1 1 2
(1/0/212) (1/0/1/0) (1/0/1/0) (1/0/0/0) (1/0/0/0) (1/0/1/0)
34 5 5 5 7 7 7
(3/0/1/1) (2/0/2/1) (2/0/2/1) (2/0/3/2) (2/0/3/2) (2/0/312)
35 7 8 8 8
(1727272) (2/21212) (2/2/2/2) (2/2/2/2)
36 7 7 7 7 6 4
(2/0/2/13) (2/0/2/3) (2/0/2/3) (2/0/2/3) (2/0/212) (2/0/1/1)
37 6 6 5 6 8 8
(2/0/3/1) (2/0/3/1) (2/0/2/1) (2/0/3/1) (2/1/312) (2/1/312)
38 5 5 5 5 6 6
(2/0/112) (2/0/112) (2/0/172) (2/0/1/2) (2/0/212) (2/0/212)
39 10 8 8 8 8 8
(3/2/3/2) (3/172/2) (3/172/2) (3/172/2) (3/172/2) (3/17272)
40 3 3 2 2 2 3
(1/0/1/1) (1/0/1/1) (1/0/1/0) (1/0/1/0) (1/0/0/1) (1/0/1/1)

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

any significant differences between the first and the succes-
sive months of observation (Table 1).

At the Spearman correlation test, considering the diag-
nosis of consciousness level in the first month, all the total
scores scales were correlated between them (all patients:
0.52<rh0<0.92; p<0.0001; MCS: 0.51 <rho<0.81
p<0.0001; UWS/VS 0.30<rh0<0.92, 0.0005 <p <0.0001).
A positive correlation was found for the UWS/VS patients
between the months of observation with the CRS-R total
score (rho=0.19; p=0.03) and WHIM TNB (rho=0.18;
p=0.04), while no correlations were for the MCS patients.
In UWS/VS group, the CRS-R auditive subscale corre-
lated positively with the time of observation (rtho=0.28,
p=0.001). Furthermore, considering the WHIM, in the
UWS/VS group, a positive correlation was found between
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time and cluster of auditive (rho=0.18, p=0.04) and visual
(tho=0.20; p=0.02) items.

During the whole period of observation, 8 patients had
constant CRS-R total scores (Table 2,n. 1, 6, 18, 19, 31, 32,
35, 38), while the WHIM TNB changed in 7 (Table 4, n. 1,
6, 18, 19, 32, 35, 38) and WHIM MAB changed in 6 of them
(Table 4, n. 1, 6, 18, 19, 35, 38).

Considering the first four assessments, the CRS-R total
score remained constant in 13 patients (Table 2, n. 1, 4, 6, 9,
18, 19,26—28, 31, 32, 35, 38). In contrast, the WHIM TNB
remains constant in 9 patients (Table 4, n. 9, 11, 16, 23, 24,
28, 30, 31, 39) and the WHIM MAB in 15 patients (Table 4,
n. 9, 10-13, 17, 23, 27-32, 36, 39). Considering six assess-
ments, the CRS-R total score was constant in 4 patients
(Table 2, n. 1, 18, 31, 38). In comparison, the WHIM TNB
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Table 4 WHIM assessment MAB/TNB TNB-clusters: (vigilance-attention/auditive/visulal/oroverbal/communication)

patient Diagnosis Months

1 2 3 4 5 6
1 UWS/VS  20/7 20/7 20/7 7/4 7/4 7/4
(/0/2/3/0)  (2/0/2/3/0)  (2/0/2/3/0)  (2/0/1/1/0)  (2/0/1/1/0)  (2/0/1/1/0)
2 26/8 34/19 30/17 30/17 30/17 30/17
QIO3/2/1)  (2/2/8/4/3)  (2/2/9/4/0)  (2/2/9/4/0)  (2/2/9/4/0)  (2/2/9/4/0)
3 73 22/9 22/9 22/9 22/9 16/7
QIOI0/1/0)  (1273/171)  Q/273/1/1)  Q/2/3/1/1)  (22/3/1/1)  (2/0/3/2/0)
4 14/6 7/4 7/4 23/9 23/9 23/9
(B/0/0/3/0)  0/1/1/0)  QIO0/1/1/0)  (2/2/3/1/1)  (2/2/3/1/1)  (2/2/3/1/1)
5 22/9 22/6 28/10 22/11 22/12 22/12
Q/5/1/0)  QI0/3/1/0)  (2/3/5/1/0)  /U/T/10)  (B/U/T/10)  (2/2/7/1/0)
6 13/5 /4 7/4 714
(/0/2/1/0)  (2/0/1/1/0)  (2/0/1/1/0)  (2/0/1/1/0)
7 12/5 12/6 14/5 14/6 14/6 14/6
Q/0/2/1/0)  (2/0/2/2/0)  (2/0/2/1/0)  (2/0/2/2/0)  (2/0/2/2/0)  (2/0/2/2/0)
8 412 42 4n 73 13/5 /4
(2/0/0/0/0)  (2/0/0/0/0)  (2/0/0/0/0)  (2/0/0/1/0)  (2/0/2/1/0)  (2/0/1/1/0)
9 713 73 73 73 73 773
(VO/1/1/0)  (1/0/1/1/0)  (1/0/1/1/0)  (1/0/1/1/0)  (1/0/1/1/0)  (1/0/1/1/0)
10 73 7/4 7/4 7/4 7/4 7/4
(1/0/1/1/0)  Q/0/1/1/0)  (2/0/1/1/0)  (2/0/1/1/0)  (2/0/1/1/0)  (2/0/1/1/0)
11 14/7 14/7 14/7 14/7 14/7 23/6
(310/2/2/0)  (3/0/2/2/0)  (30/2/2/0)  (3/0/2/2/0)  (3/0/2/2/0)  (2/0/1/2/1)
12 15/6 15/5 15/5 15/5
QI2010)  QU110)  Q/71/1/0)  (2/1/1/1/0)
13 12/4 12/5 12/5 12/5 12/5 12/5
Q/0/1/1/0)  (2/0/2/1/0)  (2/0/2/1/0)  (2/0/2/1/0)  (2/0/2/1/0)  (2/0/2/1/0)
14 8/6 23/16 36/17 36/18 24/11 24/11
QI0/21200)  (121T/41)  Q12/8/372)  (2/2/8/412)  (2/1/6/2/0)  (2/1/6/2/0)
15 73 28/13 28/15 41/22 41/23 41/22
QI0/0/1/0)  (2/3/7/210)  (2/3/9/2/0)  (4/5/13/1/1)  (4/5/13/2/1)  (4/5/13/1/1)
16 7/4 13/4 13/4 7/4 7/4 7/4
QIO/1/1/0)  Q0/1/1/0)  (200/1/1/0)  (2/0/1/1/0)  (2/0/1/1/0)  (2/0/1/1/0)
17 11/4 11/5 11/5 11/5 11/5 11/5
QO/1/1/0)  (3/0/1/1/0)  (3/0/1/1/0)  (3/0/1/1/0)  (3/0/1/1/0)  (3/0/1/1/0)
18 7/4 7/4 8/5 14/5 14/5 7/4
QIO1/1/0)  QIO/1/1/0)  (200/2/1/0)  (2/0/172/0)  (2/0/1/2/0)  (2/0/1/1/0)
19 14/4 4/3 4/3 413
QI0/1/1/0)  (2/0/1/0/0)  (2/0/1/0/0)  (2/0/1/0/0)
20 14/5 14/5 7/4 714 7/4 714
/0117210y  (2/0/1/2/0)  (2/0/1/1/0)  (2/0/1/1/0)  (2/0/1/1/0)  (2/0/1/1/0)
21 13/3 13/4 15/6 15/6
Q/0/0/1/0)  QI0/1/1/0)  (2/1/2/1/0)  (2/1/2/1/0)
22 20/7 22/8 22/13 22/14 22/12 22/10
Q/0/2/3/0)  (2/172/3/0)  (2/1/6/4/0)  (2/1/6/4/1)  (2/1/4/4/1)  (2/1/3/4/0)
23 23/6 23/6 23/6 23/6 23/6 23/6

(2/072/171) ~ (2/0/2/1/1) ~ (2/0/2/1/1)  (2/0/2/1/1) ~ (2/0/2/1/1)  (2/0/2/1/1)
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Table 4 (continued)

MAB/TNB TNB-clusters: (vigilance-attention/auditive/visulal/oroverbal/communication)

patient Diagnosis Months
1 2 3 4 5 6
24 MCS 24/12 24/12 22/12 22/12 22/13 22/11
@Iy Uy 22177100y (2/12/7/1/0) - (2/2/8/1/0) - (2/2/6/1/0)
25 15/5 18/8 25/16 25/16
2/1/1/1/0)  (2/1/4/1/0) ~ (3/2/7/212)  (3/2/7/2/2)
26 38/19 38/19 38/19 36/18 36/18 35/13
(3/0/11/4/1)  (3/0/11/4/1) (3/0/11/4/1) (3/0/10/4/1) (3/0/10/4/1) (2/0/8/3/0)
27 22/10 22/11 22/15 22/14 22/12 22/12
(2/1/6/1/10)  (2/1/7/1/0) ~ (2/2/8/3/0)  (2/2/8/2/0)  (2/2/7/1/0)  (2/2/7/1/0)
28 31/10 31/10 31/10 31/10 31/9 22/10
Q/1/4/12/1)  (2/1/472/1)  (2/1/472/1)  (2/1/4/2/1)  (2/1/4/1/1)  (2/1/3/4/0)
29 24/12 24/13 24/13 24/13 24/13 24/13
3/0/6/2/1)  (3/1/6/2/1)  (3/1/6/2/1)  (3/1/6/2/1)  (3/1/6/2/1)  (3/1/6/2/1)
30 24/15 24/15 24/15 24/15 24/15 24/15
(172/6/5/1)  (172/6/5/1)  (1/2/6/5/1)  (1/2/6/5/1)  (1/2/6/5/1)  (1/2/6/5/1)
31 23/10 23/10 23/10 23/10 23/10 23/10
3/0/5/1/1) ~ (3/0/5/1/1)  (3/0/5/1/1)  (3/0/5/1/1)  (3/0/5/1/1)  (3/0/5/1/1)
32 36/20 36/19 36/20 36/19
(2/3/10/4/1)  (2/3/10/3/1)  (2/3/10/4/1)  (2/3/10/3/1)
33 24/13 7/3 7/3 7/4 7/5 13/8
(2/2/8/1/0)  (2/0/0/1/0)  (2/0/0/1/0)  (2/0/1/1/0)  (2/0/2/1/0)  (3/0/4/1/0)
34 29/12 33/16 33/16 33/18 36/22 36/21
(2/3/6/3/0)  (2/4/9/3/0)  (2/4/9/3/0)  (2/3/9/5/0)  (2/4/11/4/1) (2/4/12/4/1)
35 24/14 24/14 36/18 36/18
272/7/12/11)  (2/2/7/2/1)  (2/2/10/3/1)  (2/2/10/3/1)
36 22/12 22/13 22/13 22/13 22/13 22/8
(2/1/6/2/1)  (2/1/6/3/1)  (2/1/6/3/1)  (2/1/6/3/1)  (2/1/6/3/1)  (2/1/4/1/0)
37 23/16 23/16 29/17 29/17 29/17 29/17
(2/217/411)  (212/7/4/1)  (2/4/9/3/1)  (2/4/9/3/1)  (2/4/9/3/1)  (2/4/9/3/1)
38 22/9 35/15 35/16 35/14 36/16 36/16
(1/1/5/2/0)  (2/1/10/1/1)  (2/1/10/1/2)  (2/1/9/1/1) ~ (2/1/10/1/2)  (2/1/10/1/2)
39 40/25 40/25 40/25 40/25 40/25 39/25
(4/3/12/472)  (4/1/11/3/6)  (4/1/11/3/6) (4/1/11/3/6) (4/1/11/3/6) (4/1/11/4/5)
40 24/9 24/9 16/5 16/4 16/4 16/4
(3/0/4/2/0)  (3/0/4/2/0)  (2/0/2/1/0)  (2/0/1/1/0)  (2/0/1/1/0)  (2/0/1/1/0)

UWS/VS, unresponsive wakefulness syndrome/vegetative state; MCS, minimally conscious state; MAB,
most advanced behaviors; TNB, total numbers of different behaviors; TNB-cluster, total numbers of differ-
ent behaviors in the cluster subdivision

was constant in 6 patients (Table 4, n. 9, 16, 23, 30, 31, 39)
and WHIM MAB in 10 patients (Table 4, n. 9, 10, 13, 17,
23,27,29-31, 36).

Of the 13 patients with constant CRS-R total scores in the
first 4 assessments, the WHIM TNB changed in 10 (Table 4,
n. 1,4, 6, 18, 19, 26, 27, 32, 35, 38) and WHIM MAB in 8
(Table 4,n. 1,4, 6, 18, 19, 26, 35, 38) of them, while consid-
ering 6 assessments, the CRS-R total score was constant in 4
patients, and the WHIM TNB/MAB changed in 3 (Table 4,
n. 1, 18, 38) of them.

For MCS and UWS/VS groups, comparing by the
paired ¢-test the scales total scores and relatives sub-
scales scores in the first month with the assessments in the
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successive months, no difference was found after Bonfer-
roni’s correction.

Discussion

Modern emergency treatments and life-support systems
have significantly improved the treatment of severe head
injuries due to traumatic or non-traumatic causes. However,
10-15% of these patients enter a condition known as DOC,
which encompasses the syndromes of coma, UWS/VS, and
MCS [7, 12]. PDOC refers to UWS/VS and MCS patients
that remain in these pathological conditions for more than
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Fig. 1 On the left are the
subscales of the CRS-R; on the

CRS-R

WHIM

right are the WHIM items (see

/

Table 5). The color represents ; E‘“ b 'f’”ef]’;_ S—
. R . . . Attention . Yes open for extended period
the WHIM items’ clusterization Eve O ) To Stirmulati 3. Eyes open and move but do not focus on object/person
* YOI DS G TE U 4. Attention held momentarily by dominant stimulus
based on the CRS-R SUbSC.ales' * Eye Opening with Stimulation 5. Looks at person briefly -
In red, the vigilance-attention +  Unarousable .
items (CRS-R arousal subscale);
in light blue, the visual items ’ R—— % akeseyeeptiny
g o | 9. Looks at person talking
(CRS-R visual subscale); in 10. Expletive utterance (‘Get off!’, etc.)
yellow, the oro-verbal items :5 I:lanrklgx:larousal/agitatitfn prio;" uril;.at'il!n/dcfccz\linn
L. Lyes Tollow person moving in line ol vision
(CRS'R oromotor/verbal sub- Object R i 13. Looks at person giving attention
scale); in green, the communi- JRCL SOs0gMon, )

i it (CRS R L2 o_b]eCt Local',zauon' Reaching 15. Performs physical movement on verbal request
C‘fl 10? 1ems -_ commu- * V!sugl Pursuit 16. Turns head/eyes to look when someone is talking
nication subscale); in blue, the 2 \Flﬁxat"l’gt - 17. Watches person moving in line of vision

. . . +  Visual Startle b, s Chon BN e
audltory items (CRS—R audltory 5 Nore 18. Tracks for 3-5 scconds
subscale); in gray, the items
: Visual scale :
that are not possible to cluster g; o —
. . racks a source of sound
fOllOWIHg the CRS'R subscz?les. 23. Shows selective response to preferred people
Items 28 and 29 are in the visual 24. Maintains eye contact over 5 seconds
. 25. Sile ing
and auditory clusters because + Functional Object Use 25. Silent mouthing
they have characteristics of both 2 Aoll‘)?;:;a“tn':m°l§?a'£ﬁsp°”se 27. Is able to ignore distraction
the CRS-R subscales. In the . Loéalizationﬁo s Sirion 3: 2.1‘m|w at llu-l<f|1i«-rl'\‘\ hen requested*
. 29. ¥ et W o5t
dashed box, the items observed +  Flexion Withdrawal i il o ol e
in the patient’s group Qbm;:‘la' P,gsm”“g 31. Imitates gesture (blink x 2, thumb up, ctc.)
One/iiaccH 32. Indicates understanding by headshake, nod, gesture, ete

Motor scale

Intelligible Verbalization
Vocalization/Oral Movement
Oral Reflexive Movement
None

33. Seeks eye contact

34. Monosyllabic or single words in response to questions

35. Looks at, and apparently explores, pictures, magazine, TV etc.

36. Switches gaze from one person to another, spontancously

37. Speech is fluent but rambling. Lots of words but meaning hard
to discern

38. Looks for object that has been shown and then removed from
line of vision

39. Can attend to task, TV etc., but concentration is vaulnerable

40. Monosyllabic or single words to express mood or need

41. Is momentarily distracted by external stimulus but can return
to task

42. Can find a specific playing card from a selection of four

44. Uses writing, typing or other communication aid, but is hard to
understand

«  Functional: Accurate
+ Non-Functional: Intentional
* None

45. Can say what part of the day it is
46. Brief phrases

47. Points with eyes

48. Initiates conversation

Communication scale

50. Speech is established — but contents indicative of problems
51. Conventional speech but with few words
52. Uses one or two gestures

+ Reproducible Movement to
Command

* Localization to Sound

+ Auditory Startle

« Consistent movement to command

+  None
\ Auditory scale

/

4 weeks [7, 12]. These conditions may be transient, and
some patients may progress from UWS to MCS before
regaining full consciousness [7].

The patients that remain in UWS/VS after 4 weeks are
classified as being in a persistent UWS/VS condition [30].
The diagnosis of the patients is permanent UWS/VS some
months after a non-traumatic brain injury (i.e., three in the
USA and six in the UK) or 1 year after a traumatic injury
[30]. Others, however, have PDOC that will last the rest of
their lives [12, 15].

In this study, we found that (1) some patients diagnosed
with PDOC change their level of consciousness also after
several years after the acute event; (2) also if the observed
change in the level of consciousness regards few patients,
it seems to be independent of the etiology of trauma and
time from the injury; (3) CRS-R and WHIM well detect
the change in the level of consciousness but the WHIM can
detect subtle modification in the patients’ behavioral when
the CRS-R remain constant. This latter point is the main
finding and deserves further investigation and confirmation.
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Table 5 Cluster of WHIM items
following the CRS-R criteria

Cluster

CRS-R subscales

WHIM items
Auditive 15, 22,28, 29, 31
Visual 3,5,8,9,12, 13,16, 17, 18, 24, 28,
29, 33, 35, 36, 38, 42,47
Oro-verbal 6,7, 14, 19, 20, 26, 30, 43, 49
Communication 10, 21, 23, 25, 32, 34, 37, 40, 44,
45, 46, 48, 50, 51, 52
Arousal/attention 1,2,4,11, 27, 39, 41
Motor n/a
Other 53, 54, 55, 56, 57, 58, 59, 60, 61, 62

Fig.2 Number of UWS/VS and
MCS patients during the months
of observation. The number of

patients is 40 from months 1 to 25
4 and 33 from 5 to 6

T/

PATIENTS

Indeed, it can be challenging to distinguish between
reflexive and voluntary behaviors, and subtle signs of con-
sciousness may go unnoticed, making it hard to distinguish
MCS from UWS/VS. The established diagnostic criteria for
MCS would reduce the incidence of misdiagnosis, but sev-
eral recent studies found that about 40% of patients thought
to be in UWS/VS are misdiagnosed [31]. The rate of misdi-
agnosis is similar also in PDOC patients [32]. Several factors
can concur in formulating an incorrect diagnosis, such as the
examiner’s experience. Fluctuation of arousal and lack of a
series of assessments with sufficient observation time could
hamper capturing the full range of behavior. Again, pain,
motor impairment, cortical sensory deficits, and cognitive
deficits, such as aphasia, could make it difficult to detect
signs of consciousness [33].

It was observed how the presence of relatives and the use
of familiar objects might reduce the misdiagnosis [34-37].
During the assessment, the inclusion of the relative can help
detect changes in the clinical status, improving the patient’s
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diagnosis [10]. Sattin and colleagues highlighted the impor-
tance of caregivers’ presence in assessing patients with DOC
and how they can contribute to the definition of the optimal
setting for the behavioral evaluation of patients [38].

All these aspects should be considered in the assessment
and rehabilitation of PDOC patients. Indeed, it was reported
that, with appropriate treatment and specialized rehabilita-
tion, two-thirds of patients with PDOC recovered conscious-
ness after traumatic brain injury [39, 40] and that one-fifth
of MCS patients may regain functional independence, with
almost 18% capable of working [39, 41]. The recovery in
these patients, when present, could be slow [17, 18]. In
6 months of observation, we found a change in the ratio
between UWS/VS and MCS in our patients’ group. Initially,
the UWS/VS patients were 58%, and after 6 months, 45%.
However, in patients hospitalized for a long time, observ-
ing changes in behavioral responses may be less accurate
because the assessment with the behavioral scales is less
frequent.
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Moreover, the less intensive rehabilitative intervention
might make it challenging to detect eventual behavioral
changes. Nevertheless, with an assessment per month, we
found that the CRS-R total score and the WHIM TNB were
positively correlated with the time of observation in the
UWS/VS patients independently from the etiology. Further-
more, the same correlations were for the WHIM TNB visual
and auditive clusters.

Our findings suggest that visual and auditive items of
used scales could be predictors in the change of the con-
sciousness levels, confirming the study of Lee [42] and col-
leagues, which suggest higher auditory, communication,
arousal, and total CRS-R scores as important predictors of
patients who emerged from PDOC.

In our sample, 5 UWS/VS change the level of conscious-
ness in MCS between 184 and 394 days from the acute event
(1 hemorrhagic, 2 traumatic brain injury, and 2 other etiol-
ogy) and one (brain anoxia) after 1705 days. Three of these
patients showed a marked increase in the CRS-R total score
in the second assessment. This could be due to the accidental
low arousal on the first assessment or other clinical onset,
as well as to a spontaneous improvement of consciousness
state.

It is interesting to note that in some patients (i.e., n.ro
10, 13, 17, 23, 30, and 39), the WHIM is constant or change
from the first to the second assessment, whereas the CRS-R
show more fluctuations. This is due to the intrinsic char-
acteristic of the scoring in these scales. Since to assign an
item with the WHIM is sufficient to observe a behavioral
response, it could be already present in the WHIM but does
not meet the criteria to be assigned in the CRS-R. This
could produce a successive change in the CRS-R total score
(because the criteria to assign the item are satisfied) but not
in the WHIM (because the item was already present).

Furthermore, ten patients (25%) were hospitalized in the
unit for a period ranging from 3 to 9 years. These results
highlight the importance of assessing PDOC patients after
a long time and that a continuous, also if not intensive, pro-
gram of stimulation might induce a change in the level of
consciousness.

To explain the progressive return of behavioral respon-
siveness across different levels of DOC, it was postulated
that restoration of function within the anterior forebrain
mesocircuit substantially correlates with activation of the
frontoparietal network. This model, known as the “meso-
circuit” model, points attention to the role of central tha-
lamic neurons and their frontostriatal connection [43]. The
recovery of consciousness depends on increasing metabolic
activity and functional connectivity between the forebrain
mesocircuit and frontoparietal network [44, 45], as well as
on the functional recovery of the ascending reticular activat-
ing system [46]. A recent work [47] supports this model,
evidencing how in PDOC patients is disrupted the function

of the inhibitory role of the anterior forebrain mesocircuit
on the Default Mode Network, which is involved, with the
medial prefrontal cortex, posterior cingulate, and precuneus,
in mediating the internal awareness [48]. In a recent study
with high-density electroencephalography (hdEEG), Bare-
ham and colleagues [16] evidenced that the decrease in theta
power and increases in alpha connectivity are predictors of
changes in CRS-R scores over time. These finds suggest
that the improvements in functional brain networks could
precede changes in the level of consciousness in PDOC
patients. However, the late recovery of consciousness in
PDOC patients was observed to depend on etiology, age,
and time since the brain injury [17], which could influence
the restoration of cerebral network activity.

In any case, the first 2 years following an injury were
reported as critical because, in this range of time, the
patients are most vulnerable to life-threatening complica-
tions [17, 18]. In our study, two of the assessed patients
died 4 months after the study’s start. Both were UWS/VS
affected by brain hemorrhage, but one died almost 1 year
after the acute event and the second after 3 years. Five other
patients (3 MCS and 2 UWS/VS) were transferred at home
after 4 months after the study’s start. Of these, two UWS/
VS and one MCS (all affected by brain anoxia) died within
1 year of discharge.

Predicting the longer-term prognosis of PDOC patients
following brain damage is challenging for clinicians also
because few studies have rigorously monitored patients’
recoveries. The difficulty of conducting longitudinal stud-
ies involving systematic follow-up of PDOC patients derives
from transferring them to nursing homes, specialist neuro-
logical centers, or their families with consequent incomplete
records of the clinical course and outcomes.

The length of time in observing patients with DOC is rel-
evant to highlight changes in their consciousness level. Gia-
cino describes a “nihilistic attitude” toward PDOC patients
and their exclusion from rehabilitation in some health cul-
tures and that the standard 6-week programs available in the
USA are frequently incompatible with the course of recovery
in this group [49]. On the contrary, the UK provides reason-
ably good care for PDOC patients. Indeed, before achiev-
ing a clinical diagnosis, the patients can have an average of
4 months of intense therapy in the acute environment, fol-
lowed by 2—7 months of comprehensive examination under
optimal settings [50].

In our institute, TBI patients undergo an intensive reha-
bilitation program until 1 year after the acute event, and
patients with other etiology until 6 months. The patients who
have not evolved from UWS/VS or MCS and are unsuitable
for discharge or home care are transferred to a dedicated
unit. Here, complete nursing and medical care, appropriate
nutrition and hydration, wheelchair adaption, and passive
motor therapy are all provided, and ad hoc procedures are
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used to track any potential progress toward a (partial) return
of awareness. With the goal of reintroducing the patient to
their home environment, the family is trained to care for
them at home for brief periods of time when it is practical. It
is also possible to extend the healthcare and neurorehabilita-
tion at the patient’s home under remote control, thanks to a
collaboration between our institute, the local government,
and the healthcare organization [51].

The long stay in UWS/VS and MCS makes difficult the
assessment of subtle changes in the consciousness level, and
in this frame, the WHIM seems to be a useful assessment
tool. The CRS-R was developed to diagnose patients with
DOC with scoring based on standardized stimuli neces-
sary to observe more times to assign the observed behavior.
Instead of arranging stimuli and responses in a modality-
based grouping of behaviors, the WHIM comprises 62 items
of increasing complexity that occurred spontaneously or fol-
lowing stimulation during observation [52]. The modality of
WHIM in observing patients with PDOC could help detect
subtle changes in everyday life, helping identify short-term
goals [27, 52, 53]. The subtle changes could be characterized
by differences in spontaneous behaviors, such as increas-
ing time in eye-opening, or different behavioral responses
to environmental stimuli presented accidentally. These slight
behavioral changes may not have a statistically significant
meaning but may be significant in changing the approach
with the patients.

It was observed that the serial WHIM evaluations that
produced a trajectory of change also predicted 68% of the
variation in PDOC status on discharge from inpatient reha-
bilitation [50], and that may be more sensitive to some signs
of higher levels of consciousness than the CRS-R [54]. How-
ever, the WHIM is less clinically applicable than CRS-R
because its outcome and diagnosis are not directly linked
(i.e., the assessment is done without giving any diagnosis
since that does not incorporate criteria to make a diagnosis
of DOC) [55].

Dhamapurkar and colleagues [56] reported that regular
WHIM assessments might identify early signs of infections
in PDOC patients. They correlated this scale scores with the
pre-infection period and with post-infection and observed
that the decrease in WHIM scores was related to the infec-
tion insurgence. Turner-Stokes and colleagues highlight
the diagnostic utility of the scale and that the trajectory of
change is an outcome predictor, suggesting a new order for
the WHIM items and proposing future studies [50].

Our findings confirm the Turner-Stokes results, show-
ing the importance of the combined CRS-R and WHIM
assessment in PDOC patients to have at the same time a
diagnostic assessment and the possibility of tracking subtle
changes. In fact, while the CRS-R was developed to diag-
nose UWS/VS, MCS, or emersion from MCS, the WHIM
was developed to identify sequences of recovery processes.

@ Springer

The different criteria in the scoring attribution and different
modality in assessing the patients make the WHIM poten-
tially more sensible in detecting subtle behavioral changes.
Moreover, WHIM is generally simple to use in neuroreha-
bilitation settings, requires less staff training, and although
WHIM takes relatively more time to administer, it allows a
regular or routine serial examination. These aspects could
make WHIM useful to help therapists and relatives to iden-
tify which stimuli, in different environments (e.g., in the
context of domiciliary care), work better for the patient [51].

The treatment approach, modality for observing and
tracking behavioral changes in patients with PDOC, could
play a crucial role in accurately assessing their level of con-
sciousness. It should be noted that changes in their behav-
ioral response may reflect a favorable clinical trend rather
than simply a spontaneous recovery of consciousness or a
variation in arousal.

Our sample allowed us to observe a slow change in the
consciousness level in PDOC patients thanks to the num-
ber of patients, different etiology, and different time from
the acute event (i.e., from 6 months to 9 years). However,
the single-center study, one monthly assessment, and only
6 months of observation represent a limitation. A long-term
follow-up and more monthly assessments could help better
observe changes in consciousness levels in these patients and
predict possible outcomes.

In conclusion, this study has demonstrated that the
monthly assessment of PDOC by means of the CRS-R and
WHIM was able to detect also subtle changes in conscious-
ness level. Therefore, these tools should be more frequently
administered in long-term care for a better management and
a more tailored rehabilitation of these very frail and vulner-
able individuals.

Author contribution MDC conceived and designed the study. FA and
MDC collected the data. FA and MV analyzed and interpreted the
data. FR and MV drafted the manuscript. MDC, PT, and RSC revised
critically the manuscript. All authors approved the final version of the
manuscript.

Declarations
Conflict of interest The authors declare no competing interests.

Ethical approval None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will



Neurological Sciences (2023) 44:3107-3122

3121

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

13.

14.

15.

16.

Lewis CS (1990) Studies in words; Cambridge University Press;
ISBN 978-0-521-39831-2

Flanagan O (1995) Consciousness. In The Oxford companion to
philosophy; Honderich, T., Ed.; Oxford University Press

Zeman AZ, Grayling AC, Cowey A (1997) Contemporary theories
of consciousness. J Neurol Neurosurg Psychiatry 62:549-552
Searle JR, Willis S (2002) Consciousness and language; Cam-
bridge University Press; ISBN 0-521-59744-7.

James W (1894) The physical basis of emotion. Psychol Rev
1:516-529. https://doi.org/10.1037/h0065078

Di Perri C, Thibaut A, Heine L, Soddu A, Demertzi A, Laureys S
(2014) Measuring consciousness in coma and related states. World
J Radiol 6:589-597. https://doi.org/10.4329/wjr.v6.i8.589
Giacino JT, Katz DI, Schiff ND, Whyte J, Ashman EJ, Ashwal
S, Barbano R, Hammond FM, Laureys S, Ling GSF et al (2018)
Comprehensive systematic review update summary: disorders
of consciousness: report of the Guideline Development, Dis-
semination, and Implementation Subcommittee of the American
Academy of Neurology; the American Congress of Rehabilitation
Medicine; and the National Institute on Disability, Independent
Living, and Rehabilitation Research. Neurology 91:461-470.
https://doi.org/10.1212/WNL.0000000000005928

Kondziella D, Bender A, Diserens K, van Erp W, Estraneo A,
Formisano R, Laureys S, Naccache L, Ozturk S, Rohaut B et al
(2020) European Academy of Neurology guideline on the diag-
nosis of coma and other disorders of consciousness. Eur J Neurol
27:741-756. https://doi.org/10.1111/ene.14151

Giacino JT (1997) Disorders of consciousness: differential diagno-
sis and neuropathologic features. In Proceedings of the Seminars
in neurology; [New York]: Thieme Medical Publisher Inc., vol 17,
pp 105-112

Formisano R, D’Ippolito M, Risetti M, Riccio A, Caravasso CF,
Catani S, Rizza F, Forcina A, Buzzi MG (2011) Vegetative state,
minimally conscious state, akinetic mutism and parkinsonism
as a continuum of recovery from disorders of consciousness: an
exploratory and preliminary study. Funct Neurol 26:15-24
Surdyke L, Fernandez J, Foster H, Spigel P (2017) Difterential
diagnosis and management of incomplete locked-in syndrome
after traumatic brain injury. Case Rep Neurol Med 2017:6167052.
https://doi.org/10.1155/2017/6167052

Schnakers C (2020) Update on diagnosis in disorders of con-
sciousness. Expert Rev Neurother 20:997-1004. https://doi.org/
10.1080/14737175.2020.1796641

Bruno M-A, Vanhaudenhuyse A, Thibaut A, Moonen G, Laureys
S (2011) From unresponsive wakefulness to minimally conscious
PLUS and functional locked-in syndromes: recent advances in our
understanding of disorders of consciousness. J Neurol 258:1373—
1384. https://doi.org/10.1007/s00415-011-6114-x

Aubinet C, Larroque SK, Heine L, Martial C, Majerus S, Lau-
reys S, Di Perri C (2018) Clinical subcategorization of minimally
conscious state according to resting functional connectivity. Hum
Brain Mapp 39:4519-4532. https://doi.org/10.1002/hbm.24303
Scolding N, Owen AM, Keown J (2021) Prolonged disorders of
consciousness: a critical evaluation of the new UK guidelines.
Brain 144:1655-1660. https://doi.org/10.1093/brain/awab063
Bareham CA, Roberts N, Allanson J, Hutchinson PJA, Pickard JD,
Menon DK, Chennu S (2020) Bedside EEG predicts longitudinal
behavioural changes in disorders of consciousness. Neuroimage
Clin 28:102372. https://doi.org/10.1016/j.nicl.2020.102372

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Yelden K, Duport S, James LM, Kempny A, Farmer SF, Leff
AP, Playford ED (2018) Late recovery of awareness in prolonged
disorders of consciousness -a cross-sectional cohort study. Disabil
Rehabil 40:2433-2438. https://doi.org/10.1080/09638288.2017.
1339209

Estraneo A, Moretta P, Loreto V, Lanzillo B, Santoro L, Trojano
L (2010) Late recovery after traumatic, anoxic, or hemorrhagic
long-lasting vegetative state. Neurology 75:239-245. https://doi.
org/10.1212/WNL.0b013e3181e8e8cc

Giacino JT, Kalmar K, Whyte J (2004) The JFK Coma Recovery
Scale-Revised: measurement characteristics and diagnostic utility.
Arch Phys Med Rehabil 85:2020-2029. https://doi.org/10.1016/j.
apmr.2004.02.033

Shiel A, Horn SA, Wilson BA, Watson MJ, Campbell MJ,
Mclellan DL (2000) The Wessex Head Injury Matrix (WHIM)
main scale: a preliminary report on a scale to assess and monitor
patient recovery after severe head injury. Clin Rehabil 14:408-
416. https://doi.org/10.1191/0269215500cr3260a

Giacino JT, Zasler ND, Katz DI, Kelly JP, Rosenberg JH, Filley
CM (1997) Development of Practice guidelines for assessment
and management of the vegetative and minimally conscious
states. ] Head Trauma Rehabil 12:79

Bodien YG, Carlowicz CA, Chatelle C, Giacino JT (2016) Sen-
sitivity and Specificity of the Coma Recovery Scale-Revised
total score in detection of conscious awareness. Arch Phys Med
Rehabil 97:490-492.el. https://doi.org/10.1016/j.apmr.2015.08.
422

Annen J, Filippini MM, Bonin E, Cassol H, Aubinet C, Carriére
M, Gosseries O, Thibaut A, Barra A, Wolff A et al (2019) Diag-
nostic accuracy of the CRS-R index in patients with disorders of
consciousness. Brain Inj 33:1409-1412. https://doi.org/10.1080/
02699052.2019.1644376

Riganello F, Cortese MD, Arcuri F, Candelieri A, Guglielmino
F, Dolce G, Sannita WG, Schnakers C (2014) A study of the reli-
ability of the Nociception Coma Scale. Clin Rehabil 29(4):388—
393. https://doi.org/10.1177/0269215514546767

Chatelle C, De Val M-D, Catano A, Chaskis C, Seeldrayers P,
Laureys S, Biston P, Schnakers C (2016) Is the Nociception Coma
Scale-Revised a useful clinical tool for managing pain in patients
with disorders of consciousness? Clin J Pain 32:321-326. https:/
doi.org/10.1097/AJP.0000000000000259

Cortese MD, Arcuri F, Nemirovsky IE, Lucca LF, Tonin P, Soddu
A, Riganello F (2021) Nociceptive response is a possible marker
of evolution in the level of consciousness in unresponsive wake-
fulness syndrome patients. Front Neurosci 15:771505. https://doi.
org/10.3389/fnins.2021.771505

Wilson BA, Coleman MR, Pickard JD (2008) Neuropsychological
assessment and management of people in states of impaired con-
sciousness: an overview of some recent studies. Brain Impairment
9:28-35. https://doi.org/10.1375/brim.9.1.28

Candelieri A, Cortese MD, Dolce G, Riganello F, Sannita WG
(2011) Visual pursuit: within-day variability in the severe disorder
of consciousness. J Neurotrauma 28:2013-2017. https://doi.org/
10.1089/neu.2011.1885

Cortese MD, Riganello F, Arcuri F, Pugliese ME, Lucca LF,
Dolce G, Sannita WG (2015) Coma Recovery Scale-r: variability
in the disorder of consciousness. BMC Neurol 15:186. https://doi.
org/10.1186/s12883-020-01758-5

Bender A, Jox RJ, Grill E, Straube A, Lulé D (2015) Persistent
vegetative state and minimally conscious state. Dtsch Arztebl Int
112:235-242. https://doi.org/10.3238/arztebl.2015.0235

Wade DT (2018) How often is the diagnosis of the permanent
vegetative state incorrect? A review of the evidence. Eur J Neurol
25:619-625. https://doi.org/10.1111/ene.13572

Wang J, Hu X, Hu Z, Sun Z, Laureys S, Di H (2020) The mis-
diagnosis of prolonged disorders of consciousness by a clinical

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1037/h0065078
https://doi.org/10.4329/wjr.v6.i8.589
https://doi.org/10.1212/WNL.0000000000005928
https://doi.org/10.1111/ene.14151
https://doi.org/10.1155/2017/6167052
https://doi.org/10.1080/14737175.2020.1796641
https://doi.org/10.1080/14737175.2020.1796641
https://doi.org/10.1007/s00415-011-6114-x
https://doi.org/10.1002/hbm.24303
https://doi.org/10.1093/brain/awab063
https://doi.org/10.1016/j.nicl.2020.102372
https://doi.org/10.1080/09638288.2017.1339209
https://doi.org/10.1080/09638288.2017.1339209
https://doi.org/10.1212/WNL.0b013e3181e8e8cc
https://doi.org/10.1212/WNL.0b013e3181e8e8cc
https://doi.org/10.1016/j.apmr.2004.02.033
https://doi.org/10.1016/j.apmr.2004.02.033
https://doi.org/10.1191/0269215500cr326oa
https://doi.org/10.1016/j.apmr.2015.08.422
https://doi.org/10.1016/j.apmr.2015.08.422
https://doi.org/10.1080/02699052.2019.1644376
https://doi.org/10.1080/02699052.2019.1644376
https://doi.org/10.1177/0269215514546767
https://doi.org/10.1097/AJP.0000000000000259
https://doi.org/10.1097/AJP.0000000000000259
https://doi.org/10.3389/fnins.2021.771505
https://doi.org/10.3389/fnins.2021.771505
https://doi.org/10.1375/brim.9.1.28
https://doi.org/10.1089/neu.2011.1885
https://doi.org/10.1089/neu.2011.1885
https://doi.org/10.1186/s12883-020-01758-5
https://doi.org/10.1186/s12883-020-01758-5
https://doi.org/10.3238/arztebl.2015.0235
https://doi.org/10.1111/ene.13572

3122

Neurological Sciences (2023) 44:3107-3122

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

consensus compared with repeated Coma-Recovery Scale-Revised
assessment. BMC Neurol 20:343. https://doi.org/10.1186/
$12883-020-01924-9

Schnakers C, Laureys S (eds) (2018) Coma and disorders of con-
sciousness. Springer International Publishing, Cham. https://doi.
org/10.1007/978-3-319-55964-3

Dolce G, Riganello F, Quintieri M, Candelieri A, Conforti D
(2008) Personal interaction in the vegetative state: a data-mining
study. J Psychophysiol 22:150-156. https://doi.org/10.1027/0269-
8803.22.3.150

Heine L, Tillmann B, Hauet M, Juliat A, Dubois A, Laureys S,
Kandel M, Plailly J, Luauté J, Perrin F (2017) Effects of prefer-
ence and sensory modality on behavioural reaction in patients
with disorders of consciousness. Brain Inj 31:1307-1311. https://
doi.org/10.1080/02699052.2017.1306108

Machado C, Korein J, Aubert E, Bosch J, Alvarez MA, Rodriguez
R, Valdés P, Portela L, Garcia M, Pérez N et al (2007) Recogniz-
ing a mother’s voice in the persistent vegetative state. Clin EEG
Neurosci 38:124—-126. https://doi.org/10.1177/155005940703800
306

Sun Y, Wang J, Heine L, Huang W, Wang J, Hu N, Hu X, Fang X,
Huang S, Laureys S et al (2018) Personalized objects can optimize
the diagnosis of EMCS in the assessment of functional object use
in the CRS-R: a double blind, randomized clinical trial. BMC
Neurol 18:38. https://doi.org/10.1186/s12883-018-1040-5

Sattin D, Giovannetti AM, Ciaraffa F, Covelli V, Bersano A, Nigri
A, Ferraro S, Minati L, Rossi D, Duran D et al (2014) Assessment
of patients with disorder of consciousness: do different Coma
Recovery Scale scoring correlate with different settings? J Neurol
261:2378-2386. https://doi.org/10.1007/s00415-014-7478-5
Nakase-Richardson R, Whyte J, Giacino JT, Pavawalla S, Barnett
SD, Yablon SA, Sherer M, Kalmar K, Hammond FM, Greenwald
B et al (2012) Longitudinal outcome of patients with disordered
consciousness in the NIDRR TBI Model Systems Programs. J
Neurotrauma 29:59-65. https://doi.org/10.1089/neu.2011.1829
Whyte J, Nakase-Richardson R, Hammond FM, McNamee S, Gia-
cino JT, Kalmar K, Greenwald BD, Yablon SA, Horn LJ (2013)
Functional outcomes in traumatic disorders of consciousness:
5-year outcomes from the National Institute on Disability and
Rehabilitation Research Traumatic Brain Injury Model Systems.
Arch Phys Med Rehabil 94:1855-1860. https://doi.org/10.1016/j.
apmr.2012.10.041

Luauté J, Maucort-Boulch D, Tell L, Quelard F, Sarraf T, Iwaz
J, Boisson D, Fischer C (2010) Long-term outcomes of chronic
minimally conscious and vegetative states. Neurology 75:246—
252. https://doi.org/10.1212/WNL.0b013e3181e8e8df

Lee HY, Park JH, Kim AR, Park M, Kim T-W (2020) Neurobehav-
ioral recovery in patients who emerged from prolonged disorder of
consciousness: a retrospective study. BMC Neurol 20:198. https://
doi.org/10.1186/s12883-020-01758-5

Schiff ND (2010) Recovery of consciousness after brain injury: a
mesocircuit hypothesis. Trends Neurosci 33:1-9. https://doi.org/
10.1016/j.tins.2009.11.002

Lant ND, Gonzalez-Lara LE, Owen AM, Fernandez-Espejo D
(2016) Relationship between the anterior forebrain mesocircuit
and the default mode network in the structural bases of disorders
of consciousness. Neuroimage Clin 10:27-35. https://doi.org/10.
1016/j.nicl.2015.11.004

Fridman EA, Beattie BJ, Broft A, Laureys S, Schiff ND (2014)
Regional cerebral metabolic patterns demonstrate the role of

@ Springer

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

anterior forebrain mesocircuit dysfunction in the severely injured
brain. Proc Natl Acad Sci U S A 111:6473-6478. https://doi.org/
10.1073/pnas.1320969111

Snider SB, Bodien YG, Bianciardi M, Brown EN, Wu O, Edlow
BL (2019) Disruption of the ascending arousal network in acute
traumatic disorders of consciousness. Neurology 93:e1281—1287.
https://doi.org/10.1212/WNL.0000000000008163

Coulborn S, Taylor C, Naci L, Owen AM, Fernandez-Espejo D
(2021) Disruptions in effective connectivity within and between
default mode network and anterior forebrain mesocircuit in pro-
longed disorders of consciousness. Brain Sci 11:749. https://doi.
org/10.3390/brainscil 1060749

Buckner RL, DiNicola LM (2019) The brain’s default network:
updated anatomy, physiology and evolving insights. Nat Rev Neu-
rosci 20:593-608. https://doi.org/10.1038/s41583-019-0212-7
Giacino JT, Fins 1], Laureys S, Schiff ND (2014) Disorders of
consciousness after acquired brain injury: the state of the sci-
ence. Nat Rev Neurol 10:99-114. https://doi.org/10.1038/nrneu
r0l.2013.279

Turner-Stokes L, Bassett P, Rose H, Ashford S, Thu A (2015)
Serial measurement of Wessex Head Injury Matrix in the diag-
nosis of patients in vegetative and minimally conscious states: a
cohort analysis. BMJ Open 5:¢006051. https://doi.org/10.1136/
bmjopen-2014-006051

Dolce G, Lucca LF, Quintieri M, Leto E, Rogano S, Riganello
F, Pignolo P (2012) Neurorehabilitation for severe disorder of
consciousness: the S. Anna—RAN operational model. J Rehabil
Med 44:512. https://doi.org/10.2340/16501977-0975

Doig EJ, Lane-Brown AT (2012) Responsiveness of instruments
to assess disorders of consciousness: a literature review. Brain
Impairment 13:285-315. https://doi.org/10.1017/BrImp.2012.29
Majerus S, De Linden MV, Shiel A (2000) Wessex Head Injury
Matrix and Glasgow/Glasgow-Liege Coma Scale: a validation and
comparison study. Neuropsychol Rehabil 10:167-184. https://doi.
org/10.1080/096020100389237

Verity Stokes, Gunn S, Schouwenaars K, Badwan D (2018) Neu-
robehavioural assessment and diagnosis in disorders of conscious-
ness: a preliminary study of the Sensory Tool to Assess Respon-
siveness (STAR). NeuropsycholRehabil 28:966-983.https://doi.
org/10.1080/09602011.2016.1214604

Gosseries O, Vanhaudenhuyse A, Bruno M-A, Demertzi A,
Schnakers C, Boly MM, Maudoux A, Moonen G, Laureys S
(2011) Disorders of consciousness: coma, vegetative and mini-
mally conscious states. In: Cvetkovic D, Cosic I (eds) States of
consciousness: experimental insights into meditation, waking,
sleep and dreams. Springer Berlin Heidelberg, Berlin, Heidelberg,
pp 29-55

Dhamapurkar S, Wilson B, Rose A, Florschutz G, Watson P, Shiel
A (2018) Does a regular Wessex Head Injury Matrix (WHIM)
assessment identify early signs of infections in people with pro-
longed disorders of consciousness (PDOC)? Brain Inj 32:1103—
1109. https://doi.org/10.1080/02699052.2018.1484165

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1186/s12883-020-01924-9
https://doi.org/10.1186/s12883-020-01924-9
https://doi.org/10.1007/978-3-319-55964-3
https://doi.org/10.1007/978-3-319-55964-3
https://doi.org/10.1027/0269-8803.22.3.150
https://doi.org/10.1027/0269-8803.22.3.150
https://doi.org/10.1080/02699052.2017.1306108
https://doi.org/10.1080/02699052.2017.1306108
https://doi.org/10.1177/155005940703800306
https://doi.org/10.1177/155005940703800306
https://doi.org/10.1186/s12883-018-1040-5
https://doi.org/10.1007/s00415-014-7478-5
https://doi.org/10.1089/neu.2011.1829
https://doi.org/10.1016/j.apmr.2012.10.041
https://doi.org/10.1016/j.apmr.2012.10.041
https://doi.org/10.1212/WNL.0b013e3181e8e8df
https://doi.org/10.1186/s12883-020-01758-5
https://doi.org/10.1186/s12883-020-01758-5
https://doi.org/10.1016/j.tins.2009.11.002
https://doi.org/10.1016/j.tins.2009.11.002
https://doi.org/10.1016/j.nicl.2015.11.004
https://doi.org/10.1016/j.nicl.2015.11.004
https://doi.org/10.1073/pnas.1320969111
https://doi.org/10.1073/pnas.1320969111
https://doi.org/10.1212/WNL.0000000000008163
https://doi.org/10.3390/brainsci11060749
https://doi.org/10.3390/brainsci11060749
https://doi.org/10.1038/s41583-019-0212-7
https://doi.org/10.1038/nrneurol.2013.279
https://doi.org/10.1038/nrneurol.2013.279
https://doi.org/10.1136/bmjopen-2014-006051
https://doi.org/10.1136/bmjopen-2014-006051
https://doi.org/10.2340/16501977-0975
https://doi.org/10.1017/BrImp.2012.29
https://doi.org/10.1080/096020100389237
https://doi.org/10.1080/096020100389237
https://doi.org/10.1080/09602011.2016.1214604
https://doi.org/10.1080/09602011.2016.1214604
https://doi.org/10.1080/02699052.2018.1484165

	Behavioral scales variability in patients with prolonged disorders of consciousness
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patient population and setting
	Outcome measures and procedures
	Statistical analyses

	Results
	Discussion
	References


