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Locked in, but not out?

The most devastating aspect of amyotrophic lateral
sclerosis (ALS) may not be the loss of mobility or
spontaneous respiration but the inability to commu-
nicate. For people with ALS who elect mechanical
ventilation, the inexorable disease progression can
lead to an incomplete locked-in syndrome (LIS)1,2

and then to a total LIS where neither eye movements
nor any other efferent capacity remains. The moment
that occurs, consciousness undoubtedly persists, but
for an unknown period of time. In some cases, years
later, family members maintain that their loved one is
communicating by changing pupil size or pulse rate,
or just a look in the eye. The dispassionate physician
remains uncertain, perhaps believing that conscious-
ness requires not just an internal dialogue but also
observing the results of thoughts or actions. Others
may quietly hope that consciousness cannot survive
extended periods of immobility, unannounced and
unmitigated discomfort, and complete disconnection.

The emerging and ambitious field of brain–
computer interfaces (BCIs), although in its infancy,
aims to provide improved communication methods
for people with LIS. By recording from the scalp or
intracranially and converting evoked or volitional
electrical neural activity to command signals for a com-
puter, there has been some early success in providing
spelling systems, cursor control, or even robotic arm
control for people with tetraplegia and anarthria.3–7

Though both scalp-based EEG and corticography sig-
nals have been recorded in people with ALS with total
LIS, we are aware of no reports of restoring communi-
cation using a neural signal-based BCI in this most
severely affected population.8 Recent fMRI studies of
people with traumatic brain injury have identified blood
oxygenation level–dependent (BOLD) responses
consistent with consciousness when none was thought
present.9,10 These studies drive further research, though
more portable methods of communication would be
required (and desirable) for people with LIS.

In this issue of Neurology®, a respected BCI
research group reports on the use of near infrared spec-
troscopy (NIRS) in a 67-year-old woman with ALS

who had been completely locked in for more than
2 years.11 Her evoked potential EEG based on auditory
mismatch and oddball presentations supported the
presence of cortical processing, but an EEG-based
BCI system was not successful. Similar to BOLD
fMRI, NIRS uses scalp-based detectors to identify slow
changes in cortical deoxyhemoglobin concentration,
which reflect changes in underlying metabolic activity.
Sentences that were known to be true or false were read
aloud, and the subject was asked to think “yes” or
“no.” Twenty-five seconds later, the NIRS response
was measured, and a common machine learning
approach (a support vector machine) was used to clas-
sify “yes” or “no” responses, which were then reported
by the computer back to the subject. Classification
accuracy was tested in multiple sessions administered
in three 1- to 2-week periods over the course of a year.
Pooling the 3 sessions together, the positive predictive
value of “yes” responses was 80.9%, and the negative
predictive value of “no” responses was 72.9%, statisti-
cally significant indicators (above the 50% chance
level) of a change in hemodynamic response reflecting
the subject’s apparent recognition of the veracity of the
recited statements. While on some days classification
performance was the same as chance, 11 of 74 sessions
yielded 100% accuracy to questions whose answers
were either of broad knowledge or of autobiographical
relevance (see the report’s supplemental material), and
for each 1- to 2-week period an accuracy of at least
70% was achieved. The 70% threshold may be impor-
tant, since simple BCIs that enable toggling of a virtual
switch can be paired with serially presented alphabets
or other augmentative and assistive communication
technologies. When enhanced with a backspace key,
letter groupings, or word prediction, 70% accuracy
may be adequate for a BCI-based communication
system.

It is worth noting some limitations. First, an
inconsistent ability to confirm a true or false sentence,
as presented in this report, may or may not be suffi-
cient to infer that the subject communicated. With
only slightly more than half of the sessions yielding
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an average accuracy greater than 70%, confidence in
the accuracy of any single classification is limited.
Similarly, there is not yet sufficient evidence (nor does
the report claim) that NIRS is ready to be deployed as
a tool to assess consciousness in this population. One
cannot know whether the technology itself was at
times unable to detect cortical processing or whether
the technology (perhaps even perfectly) accurately
demonstrated day-to-day fluctuations in the subject’s
level of alertness, motivation, participation, or cogni-
tive capacity.12 A prior report of NIRS in 17 people
with total LIS had insufficient data to confirm the
neurologic state of that cohort.13

Nevertheless, this report should resonate with
both BCI research and ALS clinical care. Particularly
in light of those sessions where 100% accuracy was
achieved, Gallegos-Ayala et al. provide new evidence
that consciousness and cognition may indeed survive
extended periods of total LIS. Whether this finding
evokes hope, fear, introspection, or some combina-
tion of these, for the neurologist guiding people with
ALS and their families, this report underscores the
critical importance of discussions regarding preferen-
ces for life-sustaining care through the progression of
neuromuscular disease.

BCI research is on track to create vital new oppor-
tunities for people with LIS. The current report
suggests that NIRS might provide the basis for a
home-based communication system, permitting serial
selection of letters or choices every 25 seconds. It may
also be possible that early exposure to BCIs (of any
type) would permit the user to learn better strategies
for faster and more accurate neural control of external
devices, even as motor power declines. It is reasonable
to imagine a day—not too far in the future—where
we will advise people with ALS and others with LIS
that robust communication, particularly in these days
of ubiquitous text messaging and e-mails, can be
maintained or restored with BCIs. For our patients
with ALS and their families, we wonder how this
might affect decisions to pursue or maintain chronic
mechanical ventilation and nutrition. The ability for
our patients to continue to participate in that
decision-making, by proclamation rather than proxy,
will be revolutionary.14
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