











[ Figure 1 fMRI results for the covert picture naming for individual patients ]

Colored voxels indicate blood oxygenation level-dependent (BOLD) responses elicited by the task. Activations are overlaid
on each patient's brain and shown in a representative slice for each anatomic area (top row). Color bars reflect the range of
BOLD signal intensity changes with corresponding t values. EMCS  emerged from minimally conscious state; LIS
locked-in syndrome; MCS  minimally conscious state; VS  vegetative state.
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Figure 2 Relationship between Revised Coma Recovery Scale (CRS-R) scores
and preservation of the picture-naming network
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Patients with disorders of consciousness are grouped according to preservation of the
naming network previously observed in healthy volunteers: complete network: patients
with activation of all brain areas observed in healthy volunteers (left superior temporal gy-
rus, left ventral inferior frontal gyrus, left dorsal inferior frontal gyrus, and pre-
supplementary motor area); partial network: patients with activation of some brain areas
observed in healthy volunteers; and 3) absent network: patients with no activation of any
brain areas observed in healthy volunteers. The bars show the average CRS-R score for
each group with the corresponding SD.

patients (GFi(v), table 2 and figure 1). In addition,
LIS, EMCS, MCS1, MCS2, MCS3, VS1, and VS3
activated the right ventral inferior frontal gyrus. Left
dorsal inferior frontal gyrus [GFi(d), table 2 and fig-
ure 1] is reported to be related to selection of lexical
representations® and preparation for overt articula-
tion of language®® and was engaged by LIS, EMCS,
MCS1, MCS2, MCS3, MCS4, VS2, and VS3.
MCST1 also activated the right hemisphere GFi(d),
while VS1 only activated the right hemisphere
GFi(d).

Engagement of the pre-supplementary motor area
(preSMA) in the medial frontal gyrus, reportedly re-
lated to cognitive control*! and volitional aspects of
cognition,* was noted in patients with the highest
CRS-R scores: LIS, EMCS, MCS1, and MCS2. An
exception to this pattern was VS2, who showed acti-
vation in left preSMA. We also observed activation
of superior frontal gyrus in LIS, MCS1, and VSI
(table e-1).

Our data demonstrate variations in underlying
brain activity of the MCS patients for the command-
following task (figure 2). The comparison of the
naming network observed in healthy volunteers with
our patients with DOC suggests a functional differ-
entiation of patients into 3 groups: 1) complete net-
work: patients with activation of all brain areas
observed in healthy volunteers; 2) partial network:
patients with activation of some brain areas observed
in healthy volunteers; and 3) absent network: pa-
tients with no activation of any brain areas observed
in healthy volunteers. This classification is shown in

the last column of table 2. Our findings show that
these neural categories can be generally related to be-
havioral measures of status. As expected, patients
with high CRS-R scores, including LIS, EMCS,
MCS1, and MCS2, show a pattern of activity similar
to those of healthy subjects elicited by picture-
naming task (complete network group). Conversely,
patients with low CRS-R scores, i.e., VSI, show a
very unresponsive brain as expected for this popula-
tion (absent network group). Remarkably, patients in
the partial network group are characterized by lack of
activation in the medial frontal gyrus and lower
CRS-R scores, i.e., MCS3 to MCS5.

Nonetheless, we do not observe a strict correspon-
dence between behavioral profile and overall brain
activation in agreement with previous studies of lan-
guage comprehension in patients with DOC.*7 Two
patients in VS present evidence for some preserved
picture-naming activity similar to controls (VS2 in
the complete network group and VS3 in the partial
network group).

DISCUSSION In this study, we employed fMRI
during covert picture naming (internal speech) as a
command-following task in a series of patients with a
range of DOC and behavioral profiles. We observed
complete networks expected for the object-naming
task in the LIS patient and the ECMS patient, in 2 of
the 5 MCS patients, and 1 of the 3 VS patients.
These findings demonstrate apparent preservation of
some command-following capacity in patients with
minimal or no signs of awareness as evidenced by the
conventional behavioral examination. Nonetheless,
even with these exceptions, we demonstrate a general
correspondence between the integrity of the language-
specific network and the bedside assessment (CRS-R).
These data suggest that fMRI during object-naming
tasks may provide additional insight regarding cognitive
status for patients with compromised ability to respond
by conventional methods.

Picture naming is considered a complex process
that recruits both stimulus-driven (bottom-up)?* and
purpose-driven (top-down)** pathways including vi-
sual input, language, short-term memory, and motor
and executive functions. Using a supramodal ap-
proach, we previously reported that this task re-
cruited activity in the superior temporal gyrus
Brodmann area (BA) 22 (including Wernicke area),
inferior frontal gyrus BA 44/45 (including Broca
area), and medial frontal gyrus (pre-SMA, BA
6/8).21% Similar patterns of activity have also been
reported by other groups and including parietal re-
gions BA 39/40.%7 These regions are thought to
form a complete long-range network during picture
naming. The left BA 22 of the superior temporal
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gytus, also referred to as Wernicke area, has been
associated with semantic knowledge**2® and phono-
logic code retrieval®®; the left ventral region of the
inferior frontal gyrus, BA 44/45, has been linked to
phonologic processing,” selection of competing se-
mantic representations,?® and phonetic sequencing®’;
and dorsal BA 44/46 has been associated with execu-
tive processes to select a lexical representation® and
processes related to motor programming and plan-
ning of articulation.®® Previous imaging reports have
associated frontal midline regions with cognitive
control’! and volitional actions.*!>3? Although em-
phasis has been commonly placed in the linguistic
aspects of picture naming, here we used it as a probe
of command following.

Although passive viewing of objects is known to re-
cruit occipital and temporal lobe areas,?® the active task
of naming adds an additional load to the neural cir-
cuitry that engages other frontal regions and presump-
tive attention-related resources. In this study, we
observed the expected automatic perceptual and object
recognition areas during viewing plus the naming-
related areas that involve the use of controlled atten-
tional resources.** Our observations are consistent with
previous EEG, magnetoencephalography, and fMRI
studies that have reported brain signals limited to occip-
ital and temporal areas associated with object percep-
tion and recognition during passive viewing, and have
shown that activity extends to frontal regions during
covert and overt picture naming distinguishing the ac-
tive task from passive viewing. 410

The comparison of naming networks with pa-
tients and healthy volunteers allows a classification of
patients into 3 categories: patients who retain all
components of the reference network (complete net-
work), patients who engage only some of those brain
regions (partial network), and patients who show no
activation of any of those components (absent net-
work). For the MCS cohort, activation of neural net-
works associated with language contrasts with the
lack of consistent verbal expression in these patients.
The results for the VS cohort suggest that even be-
haviorally unresponsive patients who typically score
low in the CRS-R can show signs of awareness using
this technique. The finding of unresponsiveness at
the behavioral level accompanied by extensive preser-
vation of cognitive networks, as in VS2, challenges
our convention to identify VS by behavioral assess-
ment alone in some patients and documents a need
for further evaluation of these patients.

Given that picture naming is a nonautomatic
(effortful) process,” the observation of expected pat-
terns of activity suggests preserved command-
following capacities in these patients. The general
correspondence to CRS-R measures suggest that
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neural correlates of object naming can be used as an
index of cognitive capacity when motor responses are
not sufficient. The engagement of the naming net-
work may suggest at least partial preservation of pur-
poseful behavior. However, we cannot rule out that
neural reorganization in some cases may have oc-
curred outside the naming network in patients who
have been injured long before the study. The full
extent to which the volitional capacity of patients
with DOC can be equated to the experience of
awareness in healthy volunteers remains a topic for
further investigation.

The high proportion of patients who retain brain
activations suggestive of command-following capac-
ity (3 of the 8 patients who remain in a DOC state)
in our study in comparison to previous studies using
other imagery tasks may suggest that the recovery of
language capacities antecedes other observed brain or
behavioral responses. Alternatively, it could be that
the use of visual activity as inclusion criterion biases
our sample toward patients with this ability or that
motor-compromised patients have more difficulty
with gross motor imagery tasks. Importantly, assess-
ing the integrity of the expressive language system
may provide a proxy for the capacity to harness assis-
tive communication systems, although our data do
not directly address this possibility.

Command-following paradigms have a number of
inherent limitations. All of these tasks require coordina-
tion of multiple cognitive systems (visual, auditory, lan-
guage, working memory) and the absence of brain
response could be due to damage or lack of recruitment
of one or more of these systems. The functional capacity
of these systems can be influenced by anxiety and fluc-
tuations in arousal and awareness. In addition to
these caveats, fMRI data acquisition may be com-
promised by head motion, and interpretation of
imaging data can be challenged by the presence of
structural abnormalities, a temporal mismatch be-
tween presentation of the target stimulus and the
patient’s response, or BOLD signal characteristics
different from those of healthy controls.

Information provided by fMRI and an object-
naming task as an indicator of command following
may be indicated particularly in cases with move-
ment impairments. These findings, particularly in
the case of VS2, indicate a clear need to consider the
capacity for covert cognitive processing in addition
to the overt behaviors when conducting diagnostic
assessment. Determining where patients lie on the
spectrum of consciousness is key to optimal clinical
management, and delivery of available therapies for
maximization of quality of life for this population.
fMRI and the network assessment approach pre-
sented here provides additional information regard-
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ing the potential cognitive capabilities of such
patients, thereby offering a novel means of assessing
cognitive status that cannot be documented by tradi-
tional methods.
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The AAN Provides a New Resource for Your Patients

Written by Ronald DeVere, MD, Director of the Taste and Smell Disorders Clinic in Austin, Texas
and Marjorie Calvert, Food Consultant at the clinic, Navigating Smell and Taste Disorders includes
causes, treatment options, and 36 recipes and additional tips that will make food appealing again.
“More than 200,000 people visit doctors each year for smell and taste problems, which often are the
first sign of neurologic disorders, such as Alzheimer’s disease, Parkinson’s disease, head injury, or
multiple sclerosis,” said DeVere.

“An enlightening guide. . . this patient-oriented approach should be hailed as a groundbreaking
book. It is highly recommended for any patients suffering from these often undiagnosed and un-
treated disorders and the relatives who help care for them.”

—Alan R. Hirsch, MD, neurological director at the Smell and Taste Treatment and Research
Foundation in Chicago

Invite your patients to visit www.aan.com/view/smellandtaste for more information about this invalu-
able resource. Available from all major booksellers.

Neurology 75 November 23,2010
Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.




A network approach to assessing cognition in disorders of consciousness
D. Rodriguez Moreno, N.D. Schiff, J. Giacino, et al.
Neurology 2010;75;1871-1878 Published Online before print October 27, 2010

DOI 10.1212/WNL .0b013e3181feb259

Thisinformation is current as of October 27, 2010

Updated Information &
Services

Supplementary Material

References

Citations

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://www.neurol ogy.org/content/75/21/1871.full.html

Supplementary material can be found at:
http://www.neurol ogy.org/content/suppl/2010/10/28/WNL .0b013
€3181feh259.DC1.html

This article cites 38 articles, 11 of which you can access for free
at:

http://www.neurol ogy.org/content/75/21/1871.full.html##ref-list-
1

This article has been cited by 2 HighWire-hosted articles:
http://www.neurol ogy.org/content/75/21/1871.full.ntml##otherart
icles

This article, along with others on similar topics, appearsin the
following collection(s):

All Ethicsin Neurology/L egal issues
http://www.neurology.org//cgi/collection/all_ethics_in_neurology
_legal_issues

Assessment of cognitive disorder sdementia
http://www.neurology.org//cgi/collection/assessment_of _cognitiv
e disorders dementia

Brain trauma
http://www.neurology.org//cgi/collection/brain_trauma

fMRI

http://www.neurol ogy.org//cgi/collection/fmri

Information about reproducing this article in parts (figures,tables)
or inits entirety can be found online at:
http://www.neurol ogy.org/misc/about.xhtml#permissions

Information about ordering reprints can be found online;
http://www.neurol ogy.org/misc/addir.xhtml#reprintsus

AMERICAN ACADEMY OF

NEUROLOGY.



http://www.neurology.org/content/75/21/1871.full.html
http://www.neurology.org/content/suppl/2010/10/28/WNL.0b013e3181feb259.DC1.html
http://www.neurology.org/content/75/21/1871.full.html##ref-list-1
http://www.neurology.org/content/75/21/1871.full.html##otherarticles
http://www.neurology.org//cgi/collection/all_ethics_in_neurology_legal_issues
http://www.neurology.org//cgi/collection/assessment_of_cognitive_disorders_dementia
http://www.neurology.org//cgi/collection/brain_trauma
http://www.neurology.org//cgi/collection/fmri
http://www.neurology.org/misc/about.xhtml#permissions
http://www.neurology.org/misc/addir.xhtml#reprintsus

