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Abstract. - OBJECTIVE: To evaluate changes
in mismatch negativity (MMN) and P300 response
in vegetative state (VS) and minimally conscious
state (MCS) patients before and after treatment,
and their value for prediction of prognosis.

PATIENTS AND METHODS: Event-related po-
tentials (ERPs), performed on 11 patients classi-
fied as VS (n = 6) or MCS (n = 5), and five healthy
participants (i.e., control group). We performed
a six months telephone follow-up to monitor
changes in consciousness recovery.

RESULTS: Comparison of the three groups
showed significantly higher MMN latency elic-
ited by salient stimuli and P300 elicited by the
subject’s own name for the VS group, as well as
significant difference in amplitudes of MMN elic-
ited by frequent stimuli and P300 elicited by oth-
er first names for this group. The source of MMN
and P300 responses was the frontal lobe for the
control group, and temporal lobe for the VS and
MCS groups.

CONCLUSIONS: The sudden increase in MMN
amplitude and latency shortening may indicate
an improvement in the state of consciousness.
Neurophysiological evaluations suggest that pa-
tients with vegetative state (VS) and minimally
conscious state (MCS) may preserve patterns
of higher-order cerebral processing similar to
those observed in conscious patients.
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Abbreviations
VS: vegetative state; MCS: minimally conscious state;

UWS: unresponsive wakefulness syndrome; ERPs:
event-related potentials; DOC: disorder of consciousness;

MMN: Mismatch Negativity; CRS-R: Coma Recovery
Scale-Revised; BAEP: Brainstem Auditory Evoked Po-
tentials; N/A, not applied.

Introduction

Disorders of consciousness are common symp-
toms after brain injury and among them vege-
tative state (VS) and minimally conscious state
(MCS) are frequently observed. Patients with
MCS have severely impaired consciousness con-
tent and significantly decreased consciousness
clarity, but still show minimal, yet specific, pres-
ervation of self or environmental awareness, as
well as voluntary eye-opening and sleep-wake
cycles. Although conscious behavioral activities
are not continuous, these are reproducible or can
be maintained long enough to be differentiat-
ed from primitive reflexive behaviors'>. MCS is
significantly different from VS; although the pa-
tient’s consciousness level is far from being stable
or allow the capacity for mutual communication,
there is robust evidence for behaviors showing
self or environmental awareness. The next stage
of recovery for MCS patients is to be awakened.
However, VS or MCS can last a very long time,
even until the patient’s death’. Currently, eval-
uation of consciousness disorders mainly relies
on clinical manifestations of patients, as well as
in various assessment scales. The Coma Recov-
ery Scale-Revised (CRS-R) is an internationally
recognized VS assessment scale*, which can be
used to evaluate multiple aspects of patients in a
vegetative state, including auditory, visual, per-
ception, movement, communication, as well as
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to reflect symptom changes in patients in a more
sensitive manner. Therefore, this is the main
method used to diagnose, track, and evaluate
MCS in clinical research. However, such clinical
scales are highly subjective, and have difficulties
in reflecting subtle changes in consciousness. On
the other hand, nerve electrophysiology assess-
ments possess certain advantages for the eval-
uation of patients with consciousness disorders
because of their strong objectivity and high tem-
poral resolution. In recent years, many research-
ers have used event-related potential (ERP) to
provide prognosis for patients with consciousness
disorders’. Evidence-based medical analysis of
auditory ERP components (i.e., N100, mismatch
negativity and P300) has shown that mismatch
negativity (MMN) and P300 are relatively better
predictors for patients with low responsiveness
in comatose or other conditions®. Earlier studies’
had focused on the use of electrophysiology to
predict consciousness recovery in VS patients af-
ter traumatic brain injury. Fischer et al® found that
MMN, which is a component of ERP, can be re-
corded in patients with consciousness disorders.
A single salient auditory stimulus interspersed
among a series of frequent regular auditory stim-
uli triggers MMN in the auditory cortex, and it
can predict the consciousness recovery in coma
patients. Schnakers et al’ showed that they were
able to record P300 in 6 out of 11 VS patients,
which is consistent with previous studies showing
that P300 can be elicited in 38% of VS patients.
At the same time, it was observed that in MCS
patients, P300 latency generated by the patient’s
own names was longer than in VS patients. It is
believed that such replicable ERP wave forms,
which are related to recognition and processing,
show that patients with traumatic brain injury
can execute a certain type of cognitive functions,
and that the longer latency of P300 can be used
to distinguish VS from MCS. Previous studies
showed that the occurrence of MMN and P300
can help determine the prognosis of patients
with consciousness disorders® '* since dynamics
changes in MMN seem to reflect consciousness
recovery in patients with consciousness disor-
ders. As patients recovered a certain level of
consciousness, their capability to distinguish au-
ditory stimuli slowly improved, and the abrupt
increase in MMN amplitude showed that patients
were able to communicate with their environ-
ment®%B, Wijnen et al'? used P3 and MMN to
predict functional recovery in 10 patients who
were in permanent vegetative state (PVS), and

found that increased MMN amplitude indicated
improved consciousness, while ERP assessments
showed that patients with a high amplitude and
short latency of MMN usually recovered to a
relatively higher level of consciousness. Cavinato
et al'* compared the latency and amplitude of N1
and P3 waves in different groups of patients, in-
cluding 6 patients with PVS and 11 with MCS as
well as 10 healthy volunteers, by exposing them
to sinusoidal sound waves, their own names, and
sinusoidal sound waves with the names of others.
Results showed that P3 latency slowly became
longer in all the healthy volunteers and patients
with MCS as the complexity of auditory stimuli
increased, whereas there was no change in pa-
tients with PVS. This indicated that prolongation
of P3 latency in response to complexity of sound
stimuli may represent activity in high-level pro-
cessing and integration centers, which predicted
the transition from VS to MCS in non-conscious
patients without corresponding changes in their
clinical symptoms. Cavinato et al’ conducted fol-
low-up visits, measurements with the disability
rating scale, as well as electroencephalograms
(EEG), brainstem auditory evoked potentials
(BAEP), somatosensory evoked potentials, and
P3assessments of 34 patients with VS within 2-3
months after injury. They found that 26 patients
(76%) recovered consciousness, and P3 was the
only parameter contributing significantly to pre-
diction of conscious recovery. Fischer et al® found
that MMN can be recorded in some patients with
PVS or MCS, suggesting that these patients still
retained some conscious activity, with the possi-
bility of further recovery. However, these authors
did not conduct follow-up visits in their study,
thus there was no indication of outcomes for these
patients. Lew et al"® conducted an auditory ERP
study in 22 patients with consciousness disorders
after traumatic brain injury, and found that the
occurrence of P300 in these patients was linked
to a better outcome. Fischer et al'® conducted an
auditory ERP study in 50 coma patients (includ-
ing patients with brain injury, stroke, and hypox-
ic-ischemic encephalopathy), and found that the
occurrence of P300, but not MMN, was relevant
for the determination of patient awakening. Tak-
en together, the results of the analysis of the two
above-mentioned component waves show that
the occurrence of MMN and P300 is valuable to
predict patient awakening.

Because of the large variations in electro-
physiology results generated using various para-
digms, an increasing number of researchers have
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begun to think about the concept of “conscious-
ness”. Consciousness may not be a single con-
cept; instead, it contains multiple functions that
are correlated with each other'’®. We designed
this study based on this idea; therefore, electro-
physiological method was used to study patients
with consciousness disorders. In addition, clin-
ical follow-ups were conducted for 6 months, in
order to investigate the difference between VS
and MCS, as well as to assess the correlation
between electrophysiological and clinical evalu-
ation results, with the hope of further elucidat-
ing the remaining brain function in patients with
consciousness disorders.

Patients and Methods

Patients

All patients were hospitalized and diagnosed
with consciousness disorders at the Neural Re-
habilitation Department in Beijing Boai Hospital
between March 2013 and April 2014. Patients
selected for this study included six patients with
VS (four males and two females; age 26-60 years
old) and five patients with MCS (four males and
one female; age 18-54 years old).

This study was approved by the appropri-
ate Institutional Review Board, and was in
accordance with the Helsinki Declaration on
research with human subjects (1975, 2000).
Written informed consent was obtained for all
participants or their guardians prior to the start
of the study.

Patients had to meet the following criteria to be
included in the study: (1) A clear history of brain
injury; (2) Patients with severe consciousness
disorders were required to meet the diagnostic
standards of VS or MCS; (3) Disease duration
was longer than 3 months, and age was between
18 and 65 years; (4) Patients with impaired audi-
tory nerves were excluded using auditory evoked
potentials; (5) No use of drugs (e.g. sedatives) that
could affect the study and our observations for at
least one week before the study.

Patient presenting the following characteristics
were excluded from the study: (1) Patients with
hypersomnia, locked-in syndrome, or mental dis-
orders that should be distinguished from VS or
MCS; (2) Age less than 18 or more than 65 years;
(3) Patients who were unable to complete the as-
sessments included in our study; (4) Patients who
had a large area of the skull damaged or missing;
(5) Patients who had severe diseases of the heart,
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lung, liver, kidney, or other important organs;
(6) Patients whose families refused to sign the
informed consent forms.

Control Group

Healthy volunteers between 18 and 65 years of
age were selected. The group included four males
and one female. Age, gender, and education back-
ground were matched to the patient groups.

Clinical Data Collection

General Data

Medical history of all participants, including
course of disease, was collected by physicians.
In addition, we collected relevant demographic
and individual characteristics including gender,
age, education background, and left/right hand-
edness.

Physical Examination of Neural System

The neural systems of all participants were
assessed in detail by physicians to record positive
physical characteristics.

Brain Imaging Data and
Electrophysiological Examination

All patients underwent computed tomogra-
phy head scans (GE Healthcare, Little Chalfont,
Buckinghamshire, UK) at the start of the study
in order to determine the injury site. In addition,
brain stem auditory evoked potentials (BAEP)
examination was conducted to exclude organic
damage to the ear or cochlear nerve, and to en-
sure that participants were able to hear auditory
stimuli.

Treatment

All patients with consciousness disorders re-
ceived comprehensive rehabilitative treatment
including physical therapy for limb and body
function, hyperbaric oxygen therapy, and acu-
puncture.

Clinical Evaluation

The CRS-R (Coma Recovery Scale-Revised)
was used to evaluate patients with consciousness
disorders in six aspects, including communica-
tion, arousal, as well as auditory, visual, motor,
and verbal functions according to the previous
study'’. The criteria used for the inclusion of
patients in the VS or MCS group are presented
in Table I.
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Table I. Diagnostic standard for vegetative state and
minimally conscious state patients.
CRS-R Vegetative Minimally
function state conscious state

Auditory <2 3-4

Visual <1 2-5

Motor <2 3-5

Verbal <2

Communication <0

Arousal N/A N/A

The CRS-R comprises six functional catego-
ries including auditory (score 0-4), visual (score
0-5), motor (score 0-6), verbal (score 0-3), com-
munication (score 0-2), and arousal (score 0-3),
with a total score ranging from 0-23. The first five
scales were used to distinguish vegetative state
(VS) vs. minimally conscious state (MCS) pa-
tients, while arousal was not used for diagnosis.
Note that to classify a patient as VS all five-mea-
surement score criteria were met, while for MCS
the presence of any of the measurement criteria
was enough to consider the patient as MCS.

Since error rates for clinical diagnosis in pa-
tients with severe consciousness disorders is as
high as 40%, two medical practitioners trained
for scale evaluation diagnoses the patients in this
study, and patients who had consistent diagnoses
were ultimately recruited. Activities of patients
with severe consciousness disorders were affect-
ed by time; therefore, scale evaluation was con-
ducted in patients at four different time points.
Patients were evaluated once every 15 days, and
ERP examination was conducted if there was any
change in the evaluation results at any time. An
ERP reexamination was conducted if evaluation
results were unchanged for two months.

Examination of Event-Related Potentials

Preparation Before Examination

Participants were asked to wash their hair be-
fore examination, and use of any hair oil or con-
ditioner was avoided to prevent wave disappear-
ance or disturbance. Examination was conducted
1 or 2 hours after a meal to avoid the influence of
low blood sugar on test results. Researchers tried
to ensure that patients were quiet and relaxed.

Equipment and Software
We used an EEG system manufactured by
Electrical Geodesics Incorporated (EGI, Nash-

ville, TN, USA). E-prime software (Grand Island,
NY, USA) was used to present stimuli, a Net-
Station system (San Diego, CA, USA) was used
to record evoked potentials, and NetStationv4.3
analysis software (San Diego, CA, USA) was
used to analyze ERP data.

Event-Related Potentials Stimulus Array

Participants sat in an electrically shielded and
quiet testing room, keeping their body relaxed.
In order to complete a task, participants heard a
series of continuous sounds interrupted by spe-
cific stimuli through double-channel earphones.
(1) Pure tone stimuli: frequent stimuli were 1000
Hz, and salient stimuli were 1500 Hz. Both were
presented in an oddball paradigm with an 80:20%
ratio. Sounds were presented 300 times in total;
with duration of 75 ms, bandwidth of 400 Hz,
and sound intensity of 90 dB. (2) Name stimuli:
subject’s own name (SON) and three other first
names (OFNs) formed by characters with a sim-
ilar word frequency to the patient’s own name
from the Chinese Han character word frequency
Table were used. The OFNs could not be the same
or similar to the names of the patient’s relatives.
Four names were presented in an oddball para-
digm, with four arrays, 80 words per array (each
name was 25%), and a 1300-1400 ms interval
between each stimulus. All names were present-
ed using the same female voice with a moderate
tone, and the voice intensity was 90 dB.

Electrode Placement and Event-Related
Potentials Recording

Patients wore an electrode cap with 128 chan-
nels (EGI). Each patient had tasks from two
stimuli arrays. MMN was recorded from the pure
tone stimuli array, and P300 was recorded from
the name stimuli array.

Data Processing ad Analysis

Brain electrical signals were continuously
collected, with a sample collection rate of 1024
Hz, band-pass filter wave of 0-30 Hz, notch filter
of 50 Hz, and scalp resistance maintained at less
than 5 KQ. When recording, bilateral mastoids
were used as reference electrodes, and during
data analysis their readings were set as the mean
value for readings from all electrodes. A level
of 100 ms before stimuli presentation was set as
baseline, eye movement was set at an amplitude
> 60 uV, eye blinking was set at an amplitude
> 200 pV, and other electromyography arti-
facts were removed when then mean was taken.



X.-Y. Wang, H.-Y. Wu, H.-T. Lu, T.-T. Huang, H. Zhang, T. Zhang

MMN was defined as the maximum negative
wave 100-250 ms after stimuli presentation,
and P300 was defined as the maximum positive
wave 300-600 ms after stimuli presentation. The
electrode location with the clearest waveform
was set as the point of analysis: Fz point was
selected for MMN, and Cz point was selected for
P300. The main parameters for analysis were the
amplitude and peak value latency period of the
various waveforms.

Source localization analysis: The Standardized
Low-Resolution Electromagnetic Tomography
(SLORETA) method was used for the source
localization of evoked potentials on the scalp,
which is included in the EGI analysis software
package.

Statistical Analysis

Data were analyzed using SPSS v16.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Quantita-
tive results were presented as mean + standard
errors, and comparison between groups was done
using One-way ANOVA test followed by Least
Significant Difference (LSD). In addition, quali-
tative results were examined using the modified
small-sample y’-test. Differences were consid-
ered significant when p < 0.05.

Results

We summarize in Table II the medical history
data collected for patients included in the study,
overall CRS-R scores, as well as the results of as-
sessing ERPs and diagnosis determination based
on follow-up interviews.

There were no significant differences (¢-test, p
> (0.05) in age of disease onset (41 £ 8.33 vs. 44
+ 5.2), or years of education (9.33 £2.78 vs. 9.4 £
1.68) between the vegetative state (VS) and min-
imally conscious state (MCS) groups.

Comparison of Mismatched Negativity
and P300 Waves in the Three Groups

MMN was elicited in five out of six patients
of the VS group, while P300 was elicited in four
out of six patients. Both MMN and P300 were
elicited in all five patients with MCS, as well
as in all five healthy volunteers of the control
group. The superimposed averaged waveforms
of all groups are shown in Figure 1. The compar-
ison of the amplitudes and latency periods for
MMN and P300 for the three groups is shown
in Table III.
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Table Il. Patients’ medical history, CRS-R scores, event-related potentials, and diagnosis after follow-up interview.

Elicited Follow-up
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Figure 1. Mismatch negativity and P300 response graphs. Panels on the left present mismatch negativity (MMN) response
graphs for the control (upper panel), vegetative state (VS; middle panel), and minimally conscious state (MCS; lower panel)
groups. Panels on the right present P300 response graphs for the control (upper panel), VS (middle panel), and MCS (lower

panel) groups.

Source Localization Analysis

In the Control Group (Figure 2, upper panel),
MMN elicited by salient stimuli was located at
-3, 52, -6, with an intensity of 0.010099 nA, at
Brodmann area 10 (i.e., middle frontal gyrus of
the frontal pole). MMN elicited by frequent stim-
uli was located at -3, 52, -6, with an intensity of
0.011403 nA, at Brodmann area 10.

In the VS Group (Figure 2, middle panel),
MMN elicited by salient stimuli was located at
-52, -67, 6, with an intensity of 0.024283 nA, at
Brodmann area 19 (i.e., middle temporal gyrus
of the occipital pole). MMN elicited by frequent
stimuli was located at -59, -39, -20, with an inten-

sity of 0.039062 nA, at Brodmann area 20 (upper
inferior temporal gyrus of the temporal pole).

In the MCS Group (Figure 2, lower panel),
MMN elicited by salient stimuli was located at
46, 10, -34, with an intensity of 0.070311 nA, at
Brodmann area 21 (i.e., middle superior temporal
gyrus of the occipital pole). MMN elicited by
frequent stimuli was located at -3, -81, 1, with an
intensity of 0.066694 nA, at Brodmann area 18
(i.e., lingual gyrus).

In the Control Group (Figure 3, upper panel),
P300 elicited by SON was located at -3, 52, -6,
with an intensity of 0.037858 nA, at Brodmann
area l1(i.e., middle frontal gyrus of the frontal
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Abbreviations: MCS: minimally conscious state; N: number of times; VS: vegetative state. “Indicates a significant difference compared to the control group (p < 0.05). *Indicates

a significant difference compared to the MCS group (p < 0.05).

pole). P300 elicited by OFNs was located at -3,
52, -6, with an intensity of 0.019716nA, at Brod-
mann area 10.

In the VS Group (Figure 3, middle panel),
P300 elicited by SON was located at -52, -67, 1,
with an intensity of 0.093389nA, at Brodmann
area 37 (i.e., middle temporal gyrus). P300 elic-
ited by OFNs was located at -52, -67, 1, with an
intensity of 0.071744nA, at Brodmann area 37.

In the MCS Group (Figure 3, lower panel),
P300 elicited by SON was located at 46, -67, -6,
with an intensity of 0.110801nA, at Brodmann ar-
ea 37 (i.e., lower superior temporal gyrus). P300
elicited by OFNs was located at 4, -81, 1, with an
intensity of 0.063377nA, at Brodmann area 18
(i.e., lingual gyrus).

Discussion

Consciousness disorders include three differ-
ent states: comatose, VS, and MCS'. In order to
improve the diagnostic accuracy of VS and MCS,
this study evaluated patients with consciousness
disorders using the CRS-R scale at four different
time points. Patients were included in the VS or
MCS group depending on the results obtained
using the CRS-R scales. In addition, a control
group composed of healthy volunteers was also
included. Pure tone stimuli were used to elicit
MMN, while name stimuli were used to elicit
P300. MMN occurred in five out of six patients
with VS, P300 occurred in four patients, while
both MMN and P300 occurred in all patients
with MCS. In spite of this, there were no signif-
icant differences between the two groups. Pre-
vious studies have reported variable results on
the occurrence rate of MMN and P300. Similar
to our study, Perrin et al' used name stimuli
(I SON, 7 OFNs) for their assessment of P300,
they found that P300 was elicited in three out of
five patients with VS, and in all six patients with
MCS. In 2010, Fischer et al® used pure tone (with
varied durations) and name (presented by differ-
ent voices) stimuli to investigate MMN and P300.
They found that MMN and P300 were elicited
in three out of 11 patients with MCS, and MMN
was elicited in two; also, P300 was elicited in
three out of 16 patients with VS. Possible reasons
for such variability in experimental results in-
clude different evaluation methods for conscious-
ness disorders, different course of disease, varied
stimuli presentation methods, and varied ERP
data analysis methods.
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Comparison of Mismatched Negativity
and P300 Waves in the Three Groups

In the VS group, MMN amplitude elicited by
salient stimuli was significantly lower than in the
MCS and control groups, while MMN latency
was significantly longer than in the MCS and
control groups. The abrupt increase in MMN am-
plitude and shortened latency by salient stimuli
may suggest the recovery of the conscious state,
which is consistent with the study by Wijnen et
al'2. P300 latency elicited by SON stimuli in the
VS group was significantly longer than in the
MCS group, suggesting that to a certain extent
VS patients were aware of their own names. On
the other hand, P300 amplitude elicited by OFNs
stimuli in the VS and MCS groups was signifi-

cantly lower than in the control group, indicating
that there was a lower awareness for unfamiliar
names stemming from the remaining brain func-
tion in patients with VS and MCS. Comparison
of the MCS and control groups showed that there
was a significant difference in P300 amplitude
elicited by OFNs stimuli, but no difference for
other stimuli. The results above showed that the
amplitude and latency of ERP may be valuable to
predict the difference between VS and MCS, and
to determine whether VS can transition to MCS.

Source Localization Analysis

MMN responses were located in the frontal
lobe (Brodmann area 10) in the control group,
while they were located in the temporal lobe
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— e

HSOD=M

1D 750Locates: -3,52. -5 hrwty 0030093 rA  Brocraann Arma 10 Cyri Mecial fronesl e Lobe fromtal Lade

VS Group

] S L L tersseampmncrerperiize Time: 00200250 Palemme o [ | | Senagessgavechumis?it bic Tise 0302.50.290 Paleze
e ——— A Data free — = T : _

| our

LA Coronal

10 1238 Location: ~32.-67, 15tensay: 0.024283 A Bodrare Avea 19 Gyt Méeie Terporal Taras Lobe: Dcopeal Lode

'S
T T womtra

D 234 Latatian: ~30.-33,-30irteraty O.0IIIE PA  Brocmars Arvea 33 Cpeb Wferiar Temperal Cyrus Lode Terparal Lote

MCS Group

T T e Cuta from:  salies

5| W) Dewemmad] [ L wangraceeenis 25132524 1640 e 20000208
a5

gittal

Poette | B gy [EemuEl] [ | wasovcmeye 21505 seen Tere 28000284 Paece
/= | ___ (Txee )

T T werra Ows freer freguere

B coons

ID: 30Lscsen 46,10,-34 irtenuty DO7031LnA  Brodmarn Arex 21 Gyri: Mde Temsora! Cyrus Lobe: Temparal Labe

O £27 toction: -3,-8L 1 Weevity 0066634 A  Brocrirs Asea: 18 Cyvi Uegesd Crus Lebe =

Figure 2. Mismatch negativity brain images. The upper, middle, and lower panels present brain images for the control,
vegetative state (VS), and minimally conscious state (MCS) groups, respectively. For each group, sagittal, coronal and axial

images are presented (left, mid, and right, respectively).
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Figure 3. P300 response brain images. The upper, middle, and lower panels present brain images for the control, vegetative
state (VS), and minimally conscious state (MCS) groups, respectively. For each group, sagittal, coronal and axial images are

presented (left, mid, and right, respectively).

in the VS (Brodmann area 19 or 20) and MCS
groups (Brodmann area 18 or 21). P300 in the
control group was mainly located in the frontal
lobe (Brodmann area 10 or 11), while in VS and
MCS groups it was located in the temporal lobe
(Brodmann area 18 or 37). The source for MCS
was mainly located in the superior temporal and
middle temporal gyri (i.e., closer to the high-
er-level cortices of the frontal lobe), while the
source for VS was mainly located in the middle
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and inferior temporal gyri. Despite there was no
significant difference in the amplitude and laten-
cy between MCS and control groups, the source
location in the MCS group (i.e., the temporal
lobe) was clearly different from the control group,
which is likely the reason why MCS patients
have better clinical responses than VS patients.
Although they were still not fully awake, and
remained as MCS clinically. Therefore, although
VS and MCS had poorer responses to the envi-
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ronment, they still presented various levels of
awareness responses, which were mostly located
at the level of the auditory cortex.

Patient’s Follow-up and Effect of
Treatment on Mismatched Negativity
and P300 Responses

In this work, no significant differences were
found between MCS and VS groups pre-and
post-treatment, which was likely related to the
fact that the selected patients were mostly in
recovery, and the time of follow-up visit was rel-
atively short.

Furthermore, we interviewed all patients (or
their families) over the phone after six months.
Among the four patients in the VS group who pre-
sented MMN and P300 responses, two were still
VS, one was awake, and the other transitioned
to MCS. Noteworthy, the patient who presented
MMN responses (but not P300) had transitioned
to MCS, while the patient who did not respond to
MMN or P300 was still VS. In the MCS group,
where all five patients presented MMN and P300
responses, two were awake at the time of fol-
low-up interview, while the other three were still
MCS. One of the patients awoke 1 month after
leaving the hospital, and after reviewing the ERP
results of this patient, we found that the MMN
before leaving the hospital also showed a trend
with high amplitude and short latency, consis-
tent with the above-mentioned conclusion. The
other patient awoke four months after leaving
the hospital, although no similar MMN could be
observed in this patient. This may be because a
long time passed between ERP and the time the
patient awoke; therefore, this result was not re-
corded. This suggests that there may be a specific
time window for the change in ERP results. More
continuous clinical monitoring will be needed to
further understand similar cases.

Based on the results of ERP amplitudes and
latency of this study, the abrupt changes of am-
plitude and latency in patients may be valuable
to predict changes in consciousness state; how-
ever, there was no enhanced ERP amplitude or
prolonged latency as the CRS score improved,
suggesting that there is limited value for the
amplitude and latency of MMN and P300 to
predict or distinguish between VS and MCS.
Variations in the source localization of MMN
may show that although MMN can be elicited
when patients were not paying attention, MMN
generated from healthy volunteers requires an
attentive state, as well as other high-level cog-

nitive processes, which are mainly located in
the frontal lobes. While MMN and P300 in VS
are mainly located in the sensory cortex of the
temporal lobes, which suggests that processing
of auditory stimuli in patients was primarily fo-
cused in the auditory cortex, further processing
of the information was limited, which may be
the primary reason why these patients failed to
respond well to the external environment. The
results of the four ERP examinations performed
supported this view. MCS patients had better
clinical responses than VS patients, and their
source localization was closer to higher-level
cortices in the frontal lobes.

Conclusions

We believe that there is limited value for
MMN and P300 responses as predictors of the
recovery of conscious state, although the abrupt
changes of amplitude and latency may have
some relevance for the change of conscious
state. Source localization may be more persua-
sive evidence to determine conscious state, and
may be valuable to distinguishing and diagnose
VS and MCS. Our study had a relatively small
sample size, and the follow-up interview period
was relatively short, while patients had a rel-
atively long course of disease of at least three
months, and their recovery was relatively slow.
Therefore, clinical studies with larger sample
sizes and long-term clinical follow-ups will be
needed to verify this view, which will be our
next research focus. Moreover, the recovery
from consciousness disorders is related to ma-
ny factors in the patients, including cause of
disease, age, degree of pathological changes,
course of disease, which should be considered
in future research.
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