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People with severe brain damage can suer from a disorder of
consciousness (DoC) such as a coma. They may be unconscious
for decades, with little or no awareness of themselves or their
surroundings, or they might emerge slowly into consciousness.
People with DoCs usually cannot control any of their movements
to respond to questions, so diagnosing them is di cult. However,
methods of looking at brain activity are helping us learn more
about each patient's remaining abilities and thus choose the best
treatments. Treatments including physical therapy, rehabilitation,
medications, music therapy, and brain stimulation can increase
patients' brain function and sometimes help them recover commun
ication or other behaviors. Nurses and physical therapists are
generally needed to help reduce patients' pain and other discomfort.
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DISORDER OF
CONSCIOUSNESS
(DOC)

A condition resulting
from severe brain
damage in which
patients show little or
no arousal nor
awareness. DoCs
include coma,
unresponsive
wakefulness syndrome
(UWS), and minimally
conscious state (MCS).

COMA

A type of DoC which
can occur acutely after
severe brain injury in
which patients are
unable to wake up and
unaware of their
environments. They are
not conscious and
don't respond to stimuli
like talking or touching.

REHABILITATION

Methods like stretching,
massaging, and moving
patients can help them
recover from injuries,
improve motor

function, and reduce
pain and discomfort.

UNRESPONSIVE
WAKEFULNESS
SYNDROME (UWS)

In this DoC, patients'
eyes are open but they
don't respond to
questions. Even if these
patients have open
eyes, they are as
unaware as patients in
a coma.

MINIMALLY
CONSCIOUS STATE
(MCS)

A type of DoC in which
patients may show
limited responsiveness
and respond to

some stimuli.

DoCs can strongly impact patients and their families, but many
groups provide support. Research scientists and doctors also help
by nding new ways to understand consciousness in general and
treat DoCs.

WHAT IS A DISORDER OF CONSCIOUSNESS?

What happens when something hits your head? You might get a cut,
bruise, or a bump that goes away after several days. Your brain wil |
probably be OK, since it is well protected by your skull. But what
happens when you injure your brain? Severe brain damage from
outside causes (like a severe blow to the head or other traumatic brain
injury), or from within the brain (like a stroke or problems with drugs or
medications) can lead to a disorder of consciousness (DoC) that starts
as acoma. People who are comatose are unconscious and do not feel
pain. Their eyes are closed and they look like they are asleep. T hey
cannot make their bodies move, although they may have automatic
movements such as spasms or tremors. People in comas do not show
any awareness of their surroundings, they do not think about anyth ing,
and they cannot be woken up.

Some people in comas die after several days or weeks. Others
will quickly improve and need rehabilitation to fully recover. Other
patients will open their eyes after a while, but still be unable to
talk or communicate with their families and friends. This is calle d
unresponsive wakefulness syndrome (UWS) [1] because they do not
respond to simple questions ( Click here for more ). Some patients
recover a low level of consciousness and can respond to things
happening in their environment. For example, they can follow pe ople
with their eyes, but they still cannot communicate otherwise. Theyar e
said to be in a minimally conscious state (MCS) . People may live in
the same state for a very long time (up to decades), which is called
a prolonged DoC. A few patients emerge from DoCs fully conscious
but paralyzed, which is called locked-in syndrome (LIS) . They might
be able to communicate “yes” or “no” by making small eye blinks or
other movements to respond to questions, or they might be able to
use a brain-computer interface (BCI) . Figure 1 summarizes LIS and
the three types of DoCs.

DIAGNOSING DOCS WITH MOVEMENTS AND
BEHAVIOR

To help patients recover, medical teams and families must make
informed decisions about treatment. Therefore, they need to
understand the amount and nature of conscious activity in each
patient. Medical teams diagnose consciousness with behavioral s cales
such as the Coma Recovery Scale-Revised (CRS-R). This scale uses
23 dierent behavioral tests to assess how well each patient can
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Figure 1

LIS and three types of
DoCs (coma; UWS, and
MCS) have similarities
and di erences. This
gure shows whether
patients with each
condition have: (A)
periods of time with
eyes open, which
indicates wakefulness;
(B) awareness of
themselves and their
environment, called
subjective experience;
(C) voluntary (on
purpose) body
movements; and (D)
the ability to follow
instructions. Most
people with LIS are
mentally able to follow
commands, but only
through limited
movements such as
blinking or moving

a nger.

LOCKED-IN
SYNDROME (LIS)

A condition in which
patients are conscious
but cannot reliably
control their
movements.
Diagnosing these
patients is di cult since
they cannot respond to
most commands.

BRAIN-COMPUTER
INTERFACE (BCI)

A system that directly
measures brain activity
and translates it into
signals that help a
patient communicate.
BCI methods can be
used to help people
with DoCs and LIS.

BRAIN IMAGING

Technologies to learn
about the brain's
structure and function.
Many brain imaging
systems use electrodes
outside the head (like

EEG) or inside the head.
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hear, see, move, talk, communicate, and respond to things in their
environment. More precisely, doctors ask patients to perform sev eral
movements, such as shaking hands, blinking, and sticking out th eir
tongues. Patients who can move and respond to these instructions
are probably in MCS or better. A patient with UWS will not be able
to perform any of the movements they are asked and will only
show automatic re exes (such as the startle re ex, which refers to
automatically closing the eyes after a loud noise).

DIAGNOSING DOCS WITH BRAIN IMAGING

Imagine that you are dreaming vividly, but you do not move at al |.
How would anyone know anything about your dream or other mental
experiences? Doctors and scientists can try to learn more about a
person's conscious experiences using brain imaging and electrodes
tools, which are devices and methods to measure and understand
brain activity. Recently, guidelines for the care of people with DoCs
have recognized the need for better ways to diagnose them, and
these guidelines recommend that brain imaging techniques be us ed
alongside behavioral tests [ 2]. These techniques can help doctors learn
whether people can hear, feel, understand speech, follow comma nds,
make choices, and other mental tasks.

The uorodeoxyglucose positron emission tomography (FDG-PET )

scanner is a brain imaging tool that shows how speci c areas of the
brain use a type of sugar called glucose. Active neurons (brain cells)
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ELECTRODES

Sensors that measure
the brain's electrical
activity. Electrodes
might be placed in an
electrode cap to
measure EEG or on the
brain's surface during
brain surgery.

Figure 2

The front image shows
the brain as if you were
looking through
someone's left ear. The
image in the back
shows the brain section
you would get when
drawing an imaginary
line from the tip of
one's nose to the spine.
The blue areas form a
network (indicated with
black arrows) of regions
working together for
self-awareness—thoughts
about yourself or things
you do. The red areas
manage environmental
awareness. In coma or
UWS, the activity of
both networks is
(almost) absent. In
MCS, the activity is
partially preserved. In
LIS, both networks
work like in

healthy people.

use more glucose, so networks of neurons working together in the
brain use more glucose when they are supporting mental activities,
including consciousness. Two networks of brain activity are rela ted to
two types of consciousness: one network for self-awareness and the
other for awareness of the environment. Self-awareness is everyth ing
that relates to oneself—that inner voice that tells you “I have to tidy up
my room”. To generate thoughts like these, we need enough activity in
the blue areas of Figure 2. Awareness of the environment is everything
that has to do with perception—the experiences generated by the
ve senses. This type of awareness involves the external network of
consciousness, in red in Figure 2.

Precuneus

Anterior
cingulate gyrus

Internal network
Self-awareness
(inner voice)

External network
Environmental
awareness

Lateral fronto-
parietal cortex

Figure 2

When doctors use the activity in these brain areas to measure
consciousness, up to two-thirds of UWS patients might actually be
conscious, even if they do not show conscious behaviors. Many  of
these patients (who were diagnosed incorrectly based on behavior
only) actually recover signs of consciousness later. Of cours e, not
all patients with DoCs can get an FDG-PET scan, since this is
a very expensive and specialized exam, and there are not many
FDG-PET scanners.

There are many other ways to measure brain function. The brain's
electrical activity can be measured by electroencephalography (EEG),
which is relatively portable, inexpensive, and easy to use. The p atient
wears an electrode cap, which looks like a swimming cap with
many brain imaging and electrodes that measure the brain's elec trical
activity. Electrical activity changes whenever a person sees, hea rs,
moves, thinks or performs other mental activities. EEGs can help
doctors determine how the brain is working, including after brain
injury. EEG-based tools based on brain computer interfaces (BCl s) can
help some individuals with LIS or DoCs show us they are consciousan d
even help them to communicate, just by performing mental activitie s
like counting the vibrations they feel on the wrist. For more informa  tion
about how to diagnose and even interact with people with DoC using
BCls and other tools ( Click here for more ).
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Figure 3

People with DoCs have
several treatment
options. Medications
can sometimes help.
Brain stimulation can
be used, in which
electrodes worn on the
head send a weak
electrical current to the
brain networks
important for
consciousness. Other
options include
rehabilitation or music
therapy. The aim of
these treatments is to
help patients be more
conscious by
increasing their brain
activity. With treatment,
patients may perform
new behaviors, get a
di erent diagnosis, or
even recover the ability
to speak and/or use
tools like a wheelchair.

TREATMENT OPTIONS

Figure 3 shows various treatments that can help people with DoCs
respond better and become healthier overall [ 3]. These methods
need to target brain areas and networks that are important for
consciousness, so a lot of research focuses on identifying the se
brain areas. Rehabilitation is important, including physical a nd speech
therapy or sensory stimulation. Sensory stimulation may include
sounds (such as music or a family member's voice), pictures or lights,
smells such as their favorite perfume, tactile stimuli like a plea sant
touch, and taste stimuli like something sweet. Some medications
such as amantadine and apomorphine are also used to help patients
with DoCs to recover. Amantadine can help patients become and
remain more awake. Apomorphine is a relatively new therapy and
its e cacy is still being tested, but it seems that it can increase
the level of awareness. Psychedelics are another type of medicati on
under investigation. Psychedelic (which means “mind-revealin g”)
drugs might restore “wakefulness-like” brain activity in patients  with
DoC, making them more aware. Music therapy is another option and
might help engage patients to interact with the environment. Some
groups are studying brain stimulation to help patients with DoCs by
stimulating the brain from either the outside or the inside of the skul .
Most brain stimulation requires electric or magnetic elds, but  other
options include infrared light, shockwaves, or ultrasound waves .EEGs
and other methods can also help predict whether and how patients
might improve over months or years.
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The e ects of treatment vary. Sometimes patients are more awake
after treatment and su er less from drowsiness. Other treatments
change brain activity to resemble more healthy patterns. Patients
responding to brain stimulation might show some new behaviors
that they never showed before the start of the treatment. With some
rare and still somewhat experimental treatment options, a very sma ||
percentage of patients (about 5%) show a remarkable recovery an d
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can communicate or even walk again. More often, no changes are
observed, but treatment is still worth trying.

OTHER WAYS TO HELP PATIENTS AND FAMILIES

Caring for patients with DoCs requires a lot of time and money. They
need help just to stay alive. They need machines to help them eat,
drink, and breathe. They must live somewhere with a medical exper t
who can respond quickly if anything goes wrong. They may live with
family at home, but more often live in hospitals, nursing homes , or
other specialized care centers. Nurses must wash and shampoo the m,
provide medication, move them on their beds so they do not get
bedsores from being in the same position for too long, and provid e
other care. Physical therapists may provide therapy to reduce trem ors,
spasms, muscle pain, and other causes of discomfort.

DoCs do not just a ect the patients. Friends and family cannot work,
play, or even chat with DoC patients. Sometimes people who know the
patient will not visit because they think the patient cannot unders tand
them—even though this may be incorrect. Many families and patients
have reported feeling powerless, alone, and misunderstood as th ey
try to cope with DoCs. People may need help deciding where the
patient should live, which doctors and medical treatments touse, ho w
patients might improve after (or without) various types of treatment,
how to get support, and numerous other details.

Fortunately, many groups and resources exist to help people lea rn
more and meet others with similar challenges. For example, the
MindCare International Foundation is a non-prot organization that
provides information and support to patients and their families a fter
mild to severe head injury. They organize conferences, resea rch
activities, “healthy mind” activities like meditation and support
meetings, and networks of people who can share information, provi de
advice, or just give emotional support.

CONCLUSION

DoCs are rare medical conditions that include coma and varying
levels of reduced consciousness. Correctly diagnosing DoC pati ents
can be challenging, but incorrect diagnoses can be avoided b y
combining behavioral and brain imaging techniques. Several treatment
options are being developed to help increase consciousness in  DoC
patients, but much work still needs to be done. Patients' families
might experience much uncertainty, and caregivers should not  forget
about them.

Doctors, scientists, engineers, therapists, psychologists, and o ther
experts continue exploring new ways to help patients and understand
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consciousness. This work often requires teams of people withdie  rent
skills, including neuroscience, psychology, medicine, en gineering,
programming, mathematics, and communications. If you are
interested in this eld, you could be part of the team that develops
the next breakthrough for improved diagnosis, communication,
treatment, care, prediction, or support—all while helping people learn
more about consciousness in all of us.
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YOUNG REVIEWERS

ELLIOT, AGE: 10

My name is Elliot, and | am 10 years old. | live in a small town in Wis consin out in
the woods. | love almost all science, especially engineering an d robotics/coding. |
also love playing soccer, playing cello, and almost anything ou tside. | love to read,
particularly the mythologies of many di erent cultures. | am cur  rently reading the
His Dark Materials series.

SHIMAZ, AGE: 15

My name is Shimaz, and | am 15 years old at the time of this review. | enjoy reading
about several topics on the internet, from myths of di erent coun  tries to current
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about animals. | also enjoy reading and sketching as hobbies.
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