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Predicting the chances of recovery of consciousness and communication in
patientswho survive their comabut transit in a vegetative state orminimally
conscious state (MCS) remains a major challenge for their medical caregiv-
ers. Very few studies have examined the slow neuronal changes underlying
functional recovery of consciousness from severe chronic brain damage. A
case study in this issue of the JCI reports an extraordinary recovery of func-
tional verbal communication andmotor function in a patientwho remained
inMCS for 19 years (see the related article beginning on page 2005). Diffu-
sion tensorMRI showed increased fractional anisotropy (assumed to reflect
myelinated fiber density) in posteromedial cortices, encompassing cuneus
and precuneus. These same areas showed increased glucose metabolism as
studied by PET scanning, likely reflecting the neuronal regrowth paralleling
the patient’s clinical recovery. This case shows that old dogmas need to be
oppugned, as recovery withmeaningful reduction in disability continued in
this case for nearly 2 decades after extremely severe traumatic brain injury.

Forty years ago, Plum and Posner pub-
lished the first edition of their landmark
book, The diagnosis of stupor and coma (1).
Since then, clinical research efforts in the
field of acute brain damage and coma
have increased nearly exponentially.
Comatose patients who survive thanks
to ever-improving intensive care medicine
classically begin to awaken and recover
consciousness within some days to weeks
or will enter a vegetative state (VS). The
clinical criteria of this diagnostic entity
of “wakefulness without awareness” were
first set out by Jennet and Plum in their
1972 milestone paper (2). The VS may be
a transitional state on the route to further
recovery or, unlike coma, which virtu-
ally never becomes chronic, the VS may
progress to a long-standing, sometimes
irreversible condition. Permanent VS, a
prognostic term to be used with great
caution, implies the prediction that the
patient will not recover. It was introduced
by the Multi-Society Task Force on PVS
(persistent vegetative state) to denote irre-
versibility of the condition after 3 months
following a nontraumatic brain injury

and 12 months after traumatic injury (3).
However, even after these long and arbi-
trary delays, some patients may excep-
tionally recover (4, 5). In 2002, the Aspen
Neurobehavioral Conference Workgroup
published the definition and diagnostic
criteria of the minimally conscious state
(MCS) (6). Patients in MCS will show more
than the purely reflex or automatic behav-

ior observed in VS survivors, but they will
nevertheless be unable to communicate
their thoughts and feelings. Recent pre-
liminary evidence indicates that MCS
patients demonstrate improvement over
a longer period of time and attain better
functional recovery as compared with VS
patients (7, 8). At present, the vast major-
ity of studies on traumatic or ischemic
brain damage are focused on the acute
phase of coma. This creates a silent epi-
demic in which there is only minute atten-
tion devoted to the long-term diagnostic,
prognostic, therapeutic, and social prob-
lems of persistent (albeit sometimes tran-
sient) disorders of consciousness such as
VSs and MCSs (9, 10). The number of sci-
entific papers on acute comatose states is
about 10-fold higher than the number of
publications on chronic disorders of con-
sciousness. Future research efforts should
also address the silent epidemic of VS and
MCS and so that these challenging neuro-
logical states can emerge from the current
dark ages of therapeutic nihilism.

Nonstandard abbreviations used: MCS, minimally
conscious state; VS, vegetative state.
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“The brain is a mystery and even more so in these 
states,” says the nurse caring for a beautiful
dancer in a VS in Pedro Almodóvar’s Acad-
emy Award–winning motion picture Habla
con ella (Talk to her). Chronic coma (which is
much more rare in clinical practice than it
is in Hollywood scenarios) and VS or MCS,
especially unexpected recovery from these,
have always incited the media and public.
Several reports in the popular media have
described dramatic recovery from “coma.”
In nearly all reports, recovery of conscious-
ness and function occurred in VS or MCS
patients and, in most individuals, recov-
ery occurred within the time frames men-
tioned above. Incredible cases of recovery
reported in the popular media or even the
medical literature are often very poorly
documented — the nature of the patients’
neurologic condition is imprecise, or the
timing of the entry into the VS or MCS
is extremely atypical (11). In this issue of
the JCI, Voss and colleagues present the
extraordinary case of recovery from MCS
19 years after traumatic brain injury of a
39-year-old patient (12). The authors have
taken the initiative to carefully check this
individual’s medical history and personally
examine this “miracle recovery from coma”
case, which was widely covered in the popu-
lar media (e.g., see ref. 13). The authors have
complemented extensive neuropsychologi-
cal testing with state-of-the-art structural
and functional neuroimaging techniques.
Changes in the patient’s brain structure
and function were compared with measure-
ments obtained in healthy controls and in
another MCS patient, the latter not show-
ing recovery after 6 years.

Very few neuroimaging studies have tack-
led the issue of late recovery of conscious-
ness in severe brain damage. The most
remarkable finding in the Voss et al. study
(12) was the MRI assessment of transiently
increased fractional anisotropy and direc-
tionality in the posterior midline cortices
(encompassing the cuneus and precuneus),
interpreted as increased myelinated fiber
densities and novel corticocortical sprout-
ing, paralleling the emergence of the patient
from MCS. The same area of the patient’s
brain also showed amplified metabolic
activity, as measured by PET. This finding
stresses the importance of the posterior
medial structures in consciousness of self
and interaction with the environment (14,
15). Activity in the medial parietal cortex
(i.e., precuneus) seems to show it to be the

brain region that best differentiates MCS
from VS patients (16). Interestingly, this
area is among the most active brain regions
in conscious waking (15) and is among the
least active in altered states of conscious-
ness, such as pharmacological coma (17),
sleep (18), dementia (19), Wernicke-Kor-
sakoff syndrome, and postanoxic amnesia
(20). It has been suggested that this richly
connected multimodal posteromedial asso-
ciative area is part of the neural network
subserving human awareness (21).

Our center had the opportunity to study
neuronal metabolic changes underlying
recovery from VS. To date, of 60 patients
studied using quantified fluorodeoxyglu-
cose PET, 7 patients recovered conscious-
ness and could be rescanned. In these
patients, we localized the brain areas where
metabolism was most impaired during the
VS and returned to near-normal values
after recovery (22, 23). Such analyses identi-
fied the precuneus (Brodmann areas 7 and
31) as the area showing the largest recov-
ery-related metabolic changes (Figure 1),
followed by a wide network of frontopa-
rietal associative cortices. In some VS or
MCS patients, the disorder of conscious-
ness seems due to a functional “disconnec-
tion syndrome” (16, 24). Long-range corti-
cocortical (between midline-posterior and
latero-frontal areas) and corticothalamic
(between midline-posterior cortices and
nonspecific thalamic nuclei) disconnec-
tions could be identified in a cohort of VS
patients, and the rare cases that recovered
showed a partial functional restoration of
these connections (22, 25). The fiber-track-
ing MRI studies reported by Voss et al. in
this issue of the JCI (12) offer indications
as to the cellular mechanisms underlying
this functional normalization. Their quan-
tification of white matter reorganization
shows long-distance rewiring in posterior
medial cortices, possibly reflecting axonal
sprouting or neurite outgrowth, maybe
even related to neurogenesis (known to
occur primarily in associative cortices in
normal primates) (26).

Severe brain damage represents an
immense medical, social, and economic
problem that warrants further research.
Chronically unconscious or minimally con-
scious patients present unique problems for
diagnosis, prognosis, treatment, and every-
day management. They are vulnerable to
being denied potentially life-saving therapy

if clinical research remains solely focused
on the acute stage of the disease. Current
functional neuroimaging techniques can
prospectively quantify residual neuronal
plasticity and the challenging process of
recovery. The findings of Voss and cowork-
ers (12) will increase our understanding of
severely brain-damaged patients and their
“miracle” recovery of consciousness.
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