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Abstract—Background: A challenge in the management of severely brain-damaged patients with altered states of
consciousness is the differential diagnosis between the vegetative state (VS) and the minimally conscious state (MCS),
especially for the gray zone separating these clinical entities. Objective: To evaluate the differences in brain activation in
response to presentation of the patient’s own name spoken by a familiar voice (SON-FV) in patients with VS and MCS.
Methods: By using fMRI, we prospectively studied residual cerebral activation to SON-FV in seven patients with VS and
four with MCS. Behavioral evaluation was performed by means of standardized testing up to 3 months post-fMRI. Results:
Two patients with VS failed to show any significant cerebral activation. Three patients with VS showed SON-FV induced
activation within the primary auditory cortex. Finally, two patients with VS and all four patients with MCS not only
showed activation in primary auditory cortex but also in hierarchically higher order associative temporal areas. These two
patients with VS showing the most widespread activation subsequently showed clinical improvement to MCS observed 3
months after their fMRI scan. Conclusion: The cerebral responses to patient’s own name spoken by a familiar voice as
measured by fMRI might be a useful tool to preclinically distinguish minimally conscious state–like cognitive processing in
some patients behaviorally classified as vegetative.
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Vegetative state (VS) and minimally conscious state
(MCS) are considered different clinical entities, but
their bedside differential diagnosis remains chal-
lenging. The underlying functional neuroanatomy of
VS and MCS is only partly understood.1,2 Using neu-
roimaging, previous studies in patients with VS have
shown that simple auditory stimuli activated pri-
mary cortices,3,4 whereas in patients with MCS, audi-
tory stimuli elicited more widespread activation.4

However, some case studies showed that complex
auditory stimuli elicited activation beyond the pri-
mary cortex even in patients with VS.5,6 If these
cases of VS were strictly diagnosed, it should be
tested in a larger group of patients whether such
“high level“ cortical activation is the rule rather than

the exception. Furthermore, it will be even more sig-
nificant in that the separation of patients with VS
according to their brain activation to such stimuli
might herald further recovery (as was previously
shown in two case reports)7,8 in this very challenging
patient population.

Among emotionally laden auditory stimuli, a
person’s own name is the most powerful one to
gain entry to awareness, as demonstrated in the
“cocktail party” phenomenon.9 It has been reported
that the subject’s own name (SON) activated the
cerebral cortex more extensively vs nonself refer-
ential emotional stimuli in patients with MCS.10

Furthermore, the SON spoken by a familiar voice
(SON-FV), vs an unfamiliar voice, elicited stronger
event-related potential (ERP) responses.11 Given
these findings, we have chosen to present the
SON-FV to maximize our chances of detecting re-
sidual brain function in patients with VS and MCS
using fMRI.

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the March 20 issue to find the title link for this article.
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Methods. Patients. This study was prospectively performed in
12 severely brain-damaged patients. None of these patients has
been previously reported. Their clinical and structural imaging
data are summarized in table 1. All but two patients (VS 1 and 3)
were suffering from traumatic brain injury. Patient age ranged
from 21 to 61 years, and the time of study ranged from 2 to 48
months post-injury. To make behavioral diagnosis as accurate as
possible, special care was taken to evaluate consciousness in each
patient using validated behavioral scales. In addition to the
Glasgow-Liège Scale (GLS),12 which adds evaluation of brainstem
reflexes to the Glasgow Coma Scale (GCS),13 we employed multiple
specially devised and standardized behavioral consciousness
scales adapted to the VS and MCS population: the Coma Recovery
Scale–Revised (CRS-R),14 the Wessex Head Injury Matrix
(WHIM),15 the Clinical Unawareness Assessment Scale (CUAS),16

and the Chinese Vegetative State Scale (CVSS)17 (table 2). Based
on extensive and repeated clinical testing, seven patients were
classified as patients with VS and five with MCS (one patient with
MCS was excluded because her head motion synchronized with
the auditory stimuli, making it impossible to disentangle true
SON-induced blood oxygenation level– dependent (BOLD) in-
creases from movement-induced artifacts).

To examine the prognostic value of our fMRI study, longitudi-
nal behavioral assessments were repeatedly conducted by means
of the CRS-R at the time of scanning, and 1, 2, and 3 months after
fMRI acquisition. Informed written consent was obtained from the
families of all patients, and the study was approved by the Ethics
Committee of Zhejiang University School of Medicine.

Image data acquisition and analysis. We digitally recorded
and adapted the SON-FV, which was done by a first-degree family
member using GoldWave software (GoldWave Inc.). fMRI scan-
ning was performed using a block design, with six active blocks
and seven baseline blocks for each patient. Each active block
lasted 12 seconds and seven SON-FVs were presented, whereas
each baseline block lasted 18 seconds, in which only the attenu-
ated machine noise was presented. The auditory stimuli were

presented through MRI-compatible noise-attenuated headphones
(Resonance Technology, Inc., Los Angeles, CA). Data were col-
lected using a 1.5-T General Electrics Sigma Horizon MRI system
(GE Medical Systems, Milwaukee, WI). First, 22 axial anatomic
images were collected using a T1-weighted spin echo (SE) se-
quence (repetition time [TR] � 500 msec, echo time [TE] � 9 msec,
field of view [FOV] � 240 � 240 mm, slice thickness � 5 mm,
skip � 1 mm, matrix � 256 � 256, with the resolution of three
dimensions of one voxel: x � 0.9375 mm, y � 0.9375 mm, z � 6
mm). Next, 120 images per slice were acquired using a gradient-
echo echo planar imaging (EPI) (TR � 3,000 msec, TE � 60 msec,
matrix � 64 � 64, with the resolution of three dimensions of one
voxel: x � 3.75 mm, y � 3.75 mm, z � 6 mm). Finally, a fast
spoiled gradient recalled (SPGR) sequence (TR � 27 msec, TE � 6
msec, FOV � 240 � 240 mm, matrix � 256 � 256, with the
resolution of three dimensions of one voxel: x � 1.3 mm, y �
0.9375 mm, z � 0.9375 mm) was used in a sagittal plane to collect
three-dimensional images covering the entire volume of the brain.
The imaging procedures and parameters were similar to those of
our previously published studies.18,19

AFNI software20 was used for data preprocessing and analysis.
After correcting for two- and three-dimensional head motion, the
functional images were smoothed using an isotropic gaussian ker-
nel (full width at half maximum � 6 mm). We then used multiple
linear regression analysis (using the 3Ddeconvolve program in
AFNI) to further correct the head movement artifacts (six esti-
mated motion-induced time series used as noninterest regressors)
and to generate activation maps21 and identify SON-FV–induced
BOLD signal increases.18,19 p values were calculated to test the fit
between the estimated response and the observed signal for each
voxel and corrected for multiple comparisons by combination of
individual voxel probability thresholding and minimum cluster
size thresholding.21 The significantly activated voxels were then
superimposed on anatomically defined primary and associative
auditory cortices. Accurately identifying these cortical areas in
deformed brains may be difficult. Thus, special care was taken to

Table 1 Clinical data of the patients with VS and MCS

Pts. Sex/age, y Cause

Time of
fMRI (mo

after insult)
Lesions
on MRI

Deep tendon
reflex

Skeletal
muscle tone

Babinski
sign

Response to
noxious

stimulation

VS

1 M/58 Anoxic 4 Right temporal gyrus
(diffuse cortical atrophy)

Increased Rigid Bilateral Flexion withdraw

2 M/61 Traumatic 8 Left temporal frontal cortex Absent Extensor Absent Extension

3 M/29 Anoxic 48 Diffuse cortical atrophy Increased Rigid Bilateral Flexion

4 M/42 Traumatic 2 Diffuse left hemisphere/right
temporal and parietal cortex

Normal Flaccid Absent Extension

5 F/52 Traumatic 2 Right frontal and left temporal
cortex

Increased Rigid Bilateral Flexion withdraw

6 M/38 Traumatic 4 Left occipital cortex and
bilateral basal ganglia

Decreased Flaccid Left Extension

7 M/21 Traumatic 4 Right temporal, frontal, and
parietal cortex

Increased Rigid Bilateral Flexion withdraw

MCS

1 M/30 Traumatic 2 Right temporal and frontal
cortex

Normal Flaccid Absent Flexion withdraw

2 F/24 Traumatic 3 Bilateral frontal subdural
hematoma, brainstem

Increased Flexor Left Flexion withdraw

3 M/38 Traumatic 6 Bilateral temporal and
frontal cortex

Normal Rigid Bilateral Flexion

4 M/30 Traumatic 26 Left temporal and bilateral
frontal cortex

Increased Rigid Bilateral Flexion withdraw

All patients, although suffering bilateral paralysis, had normal breathing and also retained gag reflex.

Pts. � patients; MCS � minimally conscious state; VS � vegetative state.
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segment the bilateral primary and associative auditory cortices of
each patient by repeatedly and simultaneously checking the ana-
tomic landmarks22,23 in three orthogonal cross-sectional views
(axial, coronal, and sagittal) of the individual high-resolution
three-dimensional brain images, as described elsewhere.24 Specifi-
cally, Heschl gyrus (HG) was defined as the primary auditory
cortex (if two HG were present, the anterior gyrus was termed
area 41 and the posterior gyrus area 42),22 whereas the planum
temporale, the planum polare,23 and the posterior and lateral ex-
tensions of HG were defined as the associative auditory cortices
and term as area 21/22.

The presence of gross hydrocephalus and focal pathology in
nine of 11 patients caused by traumatic head injury complicated
the spatial normalization to a standardized stereotactic template.
Hence, instead of normalizing these fMRI images through refer-
ence to a healthy brain, we chose to fit the activation maps indi-
vidually to their respective structural MRI data and performed
patient-level rather than group-level analyses.

Results. Patients 1 and 2 with VS failed to show signifi-
cant cerebral activation at p � 0.05 (corrected), although
at a lower threshold (p � 0.005, uncorrected), both pa-
tients showed SON-FV–induced activation within the au-
ditory cortex. While Patients 3, 4, and 5 did show
significant activation within these auditory cortices, more
widespread activation not only encompassing HG but ex-
tending to areas 21 to 22 was observed in Patients 6 and 7
(figure).

All four patients with MCS showed significant activa-
tion in primary auditory cortices (HG and areas 41 to 42)
extending to higher order associative auditory cortices (in-
cluding areas 21 to 22). Location and volume of activation
clusters are shown in table 3.

Longitudinal behavioral assessments are summarized
by means of the CRS-R subscores. Only Patients 6 and 7
with VS showed clinically assessable significant improve-
ment observed 3 months after the fMRI study. Patient 6
could repeatedly follow a command to raise his right arm,

and Patient 7 could repeatedly follow command to raise his
arms and head and could track visual stimuli with his
right eye, indicating that both patients evolved to an MCS.
Meanwhile, the other patients with VS remained vegeta-
tive, and the patients with MCS remained minimally con-
scious at 3-month follow-up (see figures E-1 and E-2 on the
Neurology Web site at www.neurology.org).

Discussion. Both clinical and functional neuroim-
aging studies in patients with VS and MCS are
methodologically difficult. As mentioned above, the
behavioral diagnosis of these clinical entities is theo-
retically and practically challenging. In the present
study, we employed a multitude of adapted stan-
dardized test including the recently validated CRS-R
scale to minimize the possibility of misdiagnosis of
patients with VS.25,26 fMRI data acquisition and anal-
ysis are even more challenging in patients with VS
and MCS.1 One major source of activation artifacts
in noncollaborative brain-damaged patients relates
to their head movement in the scanner. Patients
with VS and MCS often show reflexive, uncontrolled
head, trunk, and limb movements and the MRI scan-
ning noise often tends to increase movement in these
patients. To limit head movement during scanning,
we used noise-attenuated headphones and home-
made head-fixation devices. In the preprocessing
procedure of data analysis, head movement was fur-
ther corrected for by using two- and three-
dimensional registration. Finally, using multiple
linear regressions, we excluded all the artifactual
time points due to major head movement. In one of
our patients, however, head motion synchronized

Table 2 Consciousness scores in the patients with VS and MCS

Patients GLS score* (EVMR) WHIM score† CUAS score‡ CVSS score§

VS

1 14 (4-1-4-5) 14 4 (1-1-1-1) 7 (0-0-2-0-3-2)

2 12 (4-1-2-5) 3 2 (0-0-1-1) 1 (0-0-1-0-0-0)

3 13 (4-1-3-5) 14 4 (1-1-1-1) 5 (0-0-1-0-3-1)

4 12 (4-1-2-5) 3 1 (0-0-1-0) 3 (0-0-1-0-1-1)

5 14 (4-1-4-5) 14 4.5 (1-1.5-1-1) 5 (0-0-2-0-2-1)

6 12 (4-1-2-5) 14 4.5 (1-1.5-1-1) 3 (0-0-1-0-1-1)

7 14 (4-1-4-5) 3 3.5 (0-1.5-1-1) 5 (0-0-2-1-1-1)

MCS

1 15 (4-2-4-5) 29 5.5 (1-1.5-2-1) 5 (0-1-2-0-1-1)

2 14 (4-1-4-5) 29 4 (1-1-1-1) 3 (0-0-2-1-0-0)

3 13 (4-1-3-5) 21 3 (0-1-1-1) 2 (0-0-1-0-0-1)

4 15 (4-2-4-5) 35 6.5 (1.5-1.5-2-1.5) 6 (0-1-2-1-2-0)

* GLS (Glasgow-Liège Scale): E (eye response), V (verbal), and M (motor) are scored as in the Glasgow Coma Scale; R (brainstem re-
flexes): score of 5 indicates preserved fronto-orbicular, oculovestibular, and pupillary reflexes).

† WHIM (Wessex Head Injury Matrix) scores range from 1 (brief eye opening) to 62 (correctly performs posttraumatic amnesia test).
‡ CUAS (Clinical Unawareness Assessment Scale) assesses auditory; visual, and tactile awareness and motor output.
§ CVSS (Chinese Vegetative State Scale) assesses command performance, verbal function, limb and trunk movement, eye movement,

swallowing, and emotional reactions.

MCS � minimally conscious state; VS � vegetative state.
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with the auditory stimuli, invalidating further statis-
tical analyses of the data. Hence, this patient was
excluded from further analysis. Thus, the reported
activation maps seem unlikely to be induced by mo-
tion artifacts.

SON-FV elicited significant activation in primary
auditory cortex in five of seven patients with VS,
whereas the remaining two did not show activation
at a significance level of p � 0.05 (corrected for mul-
tiple comparisons) but did show activation in these

regions at a lower threshold (p � 0.005, uncorrected).
These results confirm previous PET studies on a co-
hort of patients with VS, in whom simple auditory
stimuli elicited group-level activation in primary au-
ditory cortex.3,4 Hence, the “classic pattern” of discon-
nected primary sensory cortex activation in patients
with VS could be reproduced at the single-patient
level using our fMRI SON-FV paradigm.

Our most surprising finding was the atypical
SON-FV–induced activation encompassing not only
primary but also hierarchically higher order associa-
tive temporal areas in two of seven behaviorally
well-documented patients with VS. Such an activa-
tion pattern encompassing associative areas was also
observed in all four patients with MCS and is in line
with previous PET studies of the MCS.4,27 The ob-
served activation cluster included the right posterior
ending of the superior temporal sulcus, which was
previously shown to be involved when hearing one’s
own name or performing SON-related tasks in
healthy controls.28-30

More interestingly, only the two patients with VS
showing atypical activation spreading to associative
areas subsequently recovered to an MCS 3 months
after scanning, whereas the other patients remained
clinically unchanged. In our opinion, these two pa-
tients were already with MCS during fMRI scanning
but behavioral signs of consciousness could (even us-
ing the best clinical assessments available) only be
shown 3 months later. This interpretation is in line
with previous reports7,8 showing unusual activation
of higher order areas (using respectively presenta-
tion of familiar faces7 and verbal stimuli8) followed
by clinical recovery some months later. Hence, fMRI
seems to offer a higher sensitivity to identify cogni-
tive processing in patients emerging from a VS com-
pared to bedside clinical tools.

Figure. Areas showing significant (p �
0.05, corrected) activation in patients in
a vegetative state (VS) (Patients 3, 4, 5,
6, and 7) (A) and patients in a mini-
mally conscious state (MCS) (B). Green
contours denote the boundary of the pri-
mary auditory areas as defined by ana-
tomic landmarks (see text for details).
The patients with VS (Patients 6 and
7), and all four patients with MCS
showed activation in associative areas
beyond the primary auditory cortex.
Left is on the right of the image.

Table 3 The location, volume (mm3), and voxel number (in
parentheses) of activation (significance threshold at p � 0.05,
corrected for multiple comparisons) elicited by SON-FV in
primary and higher order auditory cortices in each patient

HG and areas 41 and 42 Areas 21 and 22

Patients L R L R

VS

1 0 0 0 0

2 0 0 0 0

3 506 (6) 0 0 0

4 0 422 (5) 0 0

5 84 (1) 0 0 0

6 3,459 (41) 1,688 (20) 9,957 (118) 5,231 (62)

7 675 (8) 422 (5) 591 (7) 759 (9)

MCS

1 759 (9) 0 2,278 (27) 0

2 675 (8) 0 1,941 (23) 4,050 (48)

3 0 928 (11) 338 (4) 4,894 (58)

4 0 1,181 (14) 0 9,028 (107)

SON-FV � subject’s own name spoken by a familiar voice; HG �
Heschl gyrus; VS � vegetative state; MCS � minimally con-
scious state.
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Our study emphasizes that functional neuroimag-
ing might subcategorize the clinical entities of VS
and MCS and thus may provide an important aid to
the differentiation of noncommunicative coma survi-
vors. Although further research is needed to better
understand the clinical meaning of the cerebral acti-
vations in higher order levels observed in some of
our patients with VS, our preliminary data warrant
larger scale (multicenter) longitudinal studies in-
cluding a much larger number of patients to address
the prognostic value of the proposed fMRI paradigm.
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