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Cerebral metabolism during vegetative
state and after recovery to
consciousness

One way to approach the study of conscious-
ness is to explore lesional cases in which
impairment of consciousness is the promi-
nent clinical sign. Vegetative state is such a
condition wherein awareness is abolished
whereas arousal persists. It can be diagnosed
clinically soon after a brain injury and may be
reversible (as in the following case report) or
progress to a persistent vegetative state or
death. The distinction between vegetative
state and persistent vegetative state is that the
second is defined as a vegetative state that has
continued or endured for at least 1 month.1

We present a patient who developed a vegeta-
tive state after carbon monoxide poisoning
and in whom we had the opportunity to
measure brain glucose metabolism distribu-
tion during the vegetative state and after
recovery to consciousness. Using [18F]fluoro-
deoxyglucose (FDG) PET and statistical
parametric mapping (SPM) we compared
both patient’s sets to a normal control popu-
lation. Our findings oVer an insight into the
neural correlates of “awareness”, pointing to
a critical role for posterior associative cortices
in consciousness.

A 40 year old right handed woman
attempted suicide through CO intoxication
and was found unconscious. She was treated
with hyperbaric oxygen but evolved to a veg-
etative state diagnosed according to the
following criteria:1 (1) spontaneous eye open-
ing without evidence of awareness of the
environment; (2) no evidence of reproducible
voluntary behavioural responses to any
stimuli; (3) no evidence of language compre-
hension or expression; (4) intermittent wake-
fulness and behaviourally assessed sleep-
wake cycles; (5) normal cardiorespiratory
function and blood pressure control; (6) pre-
served pupillary, oculocephalic, corneal, and
vestibulo-ocular reflexes. Brain MRI per-
formed 14 days after admission was normal.
Electroencephalography showed a 6 Hz basal
activity with more pronounced slowing on the
left parietal regions. Auditory evoked poten-
tials were normal. Somaesthetic evoked
potentials of the median nerve showed

normal latency and amplitude of P14 and
N20 potentials without any late cortical com-
ponents. After remaining in a vegetative state
for 19 days the patient regained conscious-
ness. Her sequelae consisted of a bilateral
spastic paresis of upper and lower limbs.
Neuropsychological testing 1 month after
admission showed an attention deficit with
moderate impairment of short term memory.
One year after the accident she showed a
spastic gait with altered fine motor function,
most prominent on the right, a slurred
speech, and minor short term memory
disturbances. FDG-PET was performed dur-
ing the vegetative state (day 15 after admis-
sion) and after recovery to consciousness
(day 37).

The control population consisted of 48
drug free, healthy volunteers, aged from 18 to
76 years (mean: 42 (SD 21) years).

The study was approved by the ethics
committee of the University of Liège. In-
formed consent was obtained by the husband
of the patient and for all control subjects. Five
to 10 mCi FDG was injected intravenously;
PET data were obtained on a Siemens CTI
951 R 16/31 scanner in bidimensional mode.
Arterial blood samples were drawn during the
whole procedure and cerebral metabolic glu-
cose rates (CMRGlu) were calculated for all
subjects. PET data were analysed using SPM
software (SPM96 version; Welcome Depart-
ment of Cognitive Neurology, Institute of
Neurology, London, UK).2 The use of SPM
to assess between subject (rather than within
subject) variability is unlikely to alter the rel-
evance of our results given their high degree
of significance. Data from each subject were
normalised to a standard stereotactic space
and then smoothed with a 16 mm full width
half maximum isotropic kernel. The analysis
identified brain regions where glucose me-
tabolism was significantly lower in each
patient scan compared with the control
group. The resulting foci were characterised
in terms of peak height over the entire volume
analysed at a threshold of corrected p<0.05.2

During the vegetative state, average grey
matter glucose metabolism was 38% lower
than in controls (4.5 v 7.3 (SD 1.4) mg/100
g/min). No substantial change in mean
CMRGlu was found after recovery (4.7
mg/100 g/min). During the vegetative state,
significant regional CMRGlu decreases were
found in the left and right superior parietal
lobule; the left inferior parietal lobule; the
precuneus; the left superior occipital, supe-
rior and middle temporal gyri; and the
premotor and postcentral and precentral cor-
tex (figure, yellow colour). After recovery,
metabolic impairment was confined to the

left and right precentral and postcentral gyri
and premotor cortices (figure, blue colour).

This case report oVers an insight into the
neural correlates of human consciousness (at
least, external awareness as it can be assessed
at the patient’s bedside). Given that global
glucose utilisation levels remained essentially
the same, the recovery of consciousness
seems related to a modification of the
regional distribution of brain function rather
than to the global resumption of cerebral
metabolism. The main decreases in metabo-
lism seen during the vegetative state but not
after recovery were found in parietal areas,
including the precuneus. This is in agreement
with postmortem findings in persistent veg-
etative state, in which involvement of the
association cortices is reported as a critical
neuroanatomical substrate3 and with PET
studies in postanoxic syndrome, in which the
parieto-occipital cortex showed the most
consistent impairment.4 The functions of
these areas are manifold: lateral parietal areas
are involved in spatial perception and atten-
tion, working memory, mental imagery, and
language, whereas the precuneus is activated
in episodic memory retrieval, modulation of
visual perception by mental imagery, and
attention.2 Our data point to a critical role for
these posterior associative cortices in the
emergence of conscious experience.
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Electrical inexcitability of nerves and
muscles in severe infantile spinal
muscular atrophy

Spinal muscular atrophy (SMA) is one of the
most common fatal autosomal recessive
disorders, characterised by progressive de-
generation of anterior horn cells. Before the
advent of genetic testing, the diagnosis of
SMA was based on clinical, histopathologi-
cal, and electrophysiological features. In
1992, the International SMA Consortium
defined diagnostic criteria of proximal SMA
based on clinical findings.1 In SMA type I
(severe; Werdnig-HoVmann disease), af-
fected persons have onset of symptoms before
6 months of age and are never able to sit
without support. Electromyography demon-
strates denervation features. In early 1995,
the candidate gene, the survival motor
neuron (SMN) gene, was identified, making
the confirmation of SMA by DNA analysis
possible.2

With the availability of a genetic test for
SMA, many investigators are refining the
diagnostic criteria published by the Consor-
tium. Studies involving hundreds of patients
with proximal SMA have disclosed a subset of
patients who fulfill at least one exclusion cri-
terion defined by the Consortium.3 We iden-
tified an infant with severe SMA who fulfilled
two exclusion criteria and also showed
inexcitability of all nerves as well as muscles.
This report will further delineate the wide
range of phenotypes for this particular gene
mutation.

A 2945 g male infant was born at term.
First fetal movements were noted at 13 weeks
of gestation. Chorionic villus sampling at 10
weeks of gestation disclosed normal chromo-
somes. Decreased fetal movement and poly-
hydramnios were noted at about 34 weeks of
gestation. At delivery, the infant was cyanotic
with no respiratory eVort and was subse-
quently intubated. On physical examination,
the infant had no spontaneous movements.
He opened his eyes with brief fixation but no
following. Tongue fasciculations were
present. Other cranial nerves seemed intact.
Mild flexion contractures of both elbows,
knees, and ankles were noted. Tone was flac-
cid in both upper and lower limbs, and there
was no movement response to painful stimu-
lus. Deep tendon reflexes were absent.

Brain MRI disclosed mild diVuse cortical
and deep atrophy. His EMG was severely
abnormal, with widespread fibrillations and
absent voluntary motor units except in the
genioglossus, where mildly neurogenic motor
units with decreased recruitment were seen.
Stimulation of the median, ulnar, tibial, and
peroneal nerves with a maximal stimulus
resulted in no clinical or electrical response.
The biceps brachii and rectus femoris
muscles were electrically inexcitable by direct
needle stimulation. Median, ulnar, and sural
sensory potentials were not obtainable. DNA
testing showed a homozygous deletion of
exons 7 and 8 in the telomeric SMN gene,
confirming the diagnosis of SMA. The infant
expired at 3 weeks of age, and the parents
declined postmortem examination.

Typical EMG studies in those with SMA
show fibrillations and fasciculations at rest
and an increased mean duration and ampli-
tude of motor units. Motor nerve conduction
velocities may be slowed but are usually nor-
mal. Korinthenberg et al reported inexcitabil-
ity of motor nerves in three siblings, each of
whom died from SMA before 1 month of
age.4 In addition to a homozygous deletion of

exons 7 and 8 of the telomeric SMN gene, all
three siblings showed a large deletion in the
region that includes all alleles of the multi-
copy markers Ag1-CA and C212, localised at
the 5' end of the two SMN gene copies. It has
been postulated that the severity of disease
may be correlated to the extent of a deletion
involving the SMN gene and the multicopy
markers.3–5 The infant in our report with
SMA type I showed electrical inexcitability of
motor nerves as well as the characteristic
alteration of the SMN gene.

Although it has been known for some time
from histological studies that sensory systems
are involved in SMA, electrophysiological
sensory findings have been previously re-
ported only once.4 Sensory nerve conduction
velocity was tested in an infant with severe
SMA and showed no recordable potential,
but the infant in our report also exhibited
universal absence of sensory potentials. In
both cases, DNA analysis disclosed the 5q
deletion. It is unclear whether this finding
represents a distinct entity or merely the
severe end of classic Werdnig-HoVmann dis-
ease. The diagnostic criteria produced by the
International SMA Consortium currently
lists “abnormal sensory nerve action poten-
tials” as an exclusion criterion.1 Our finding
of absent sensory potentials in a 5q deletion
established case of SMA indicates further
need for revision of the Consortium criteria.

Studies involving large series of patients
with SMA have identified cases of SMA
variants.3 These patients were diagnosed as
infantile SMA by the presence of proximal
weakness and atrophy, hypotonia, and evi-
dence of neurogenic alterations in EMG and
muscle biopsy. In addition, these patients also
exhibited one of the exclusion criteria defined
by the Consortium—for example, diaphrag-
matic weakness, involvement of the CNS, or
arthrogryposis. Although these patients did
not show the typical SMN deletion and were
therefore probably not linked to chromosome
5q, they could have had point mutations. The
infant in our report showed no respiratory
eVort after birth, indicating diaphragmatic
weakness. He did, however, possess the char-
acteristic SMN gene alterations. This finding
suggests that diaphragmatic weakness should
be reconsidered as an exclusion criterion by
the Consortium.

Review of the literature disclosed no previ-
ous reports of electrically inexcitable muscles
in SMA. This phenomenon is known to occur
in a few other neuromuscular conditions such
as periodic paralysis and critical illness
polyneuropathy. Fibrillations, as seen in the
infant in our report, are commonly seen in
acute denervation and are thought to be
caused by perturbation of the sarcolemmal
membrane, rendering it unstable. One possi-
bility may be that the severe denervation in
SMA type I can result in abnormal function
of the membrane to make it electrically inex-
citable. Further electrophysiological studies
at the cellular level are required to delineate
this interesting finding.

ALICE A KUO
Department of Pediatrics

STEFAN-M PULST
DAWN S ELIASHIV

CAMERON R ADAMS
Division of Neurophysiology, Cedars-Sinai Medical

Center, Los Angeles, CA, USA

Correspondence to: Dr Cameron R Adams, De-
partment of Neurophysiology, Cedars-Sinai Medi-
cal Center, 8631 West Third Street, Room 1145,
East Tower, Los Angeles, CA 90048, USA.

1 The International SMA consortium. Meeting
report. Neuromusc Disord 1992;2:423–8.

2 Lefebvre S, Burglen L, Reboullet S, et al. Identi-
fication and characterization of spinal muscu-
lar atrophy-determining gene. Cell 1995;80:
155–65.

3 Zerres K, Wirth B, and Rudnik-Schoneborn S.
Spinal muscular atrophy-clinical and genetic
correlations. Neuromusc Disord 1997;7:202–7.

4 Korinthenberg R, Sauer M, Ketelsen UP, et al.
Congenital axonal neuropathy caused by dele-
tions in the spinal muscular atrophy region.
Ann Neurol 1997;42:364–8.

5 Wirth B, Hahnen E, Morgan K, et al. Allelic
association and deletions in autosomal reces-
sive proximal spinal muscular atrophy: associ-
ation of marker genotype with disease severity
and candidate cDNAs. Hum Mol Gen 1995;4:
1273–84.

Acute overdosage and intoxication with
carbidopa/levodopa can be detected in
the subacute stage by measurement of
3-o-methyldopa

Although the eVects of a chronic overdosage
with levodopa are well known, few cases of
acute intoxication have been described.1 2 A
particular problem in establishing a diagnosis
of levodopa overdosage is the relatively short
half life in the circulation of levodopa.3 4 If
there is a delay in bringing an acutely intoxi-
cated patient to hospital, perhaps due to late
discovery, the blood concentration of levo-
dopa could already be normal (correspond-
ing to the peak levodopa concentration in
Parkinson’s disease therapy) after 6–8 hours.
Depending on the extent of the overdosage,
the time could be even shorter. This report
describes the clinical eVects and the plasma
concentrations of levodopa and specific
metabolites over a period of 132.5 hours after
ingestion of 30 tablets of carbidopa/levodopa
(50 mg/200 mg tablets).

A 76 year old patient had a pre-existing
mild akinetic rigid Parkinson’s syndrome,
which had been treated for the past 1.5 years
with 3×1 tablets of carbidopa/levodopa (50
mg/200 mg) a day without a substantial
response. The weight of the patient was 74
kg. A known chronic obstructive airway
disease was treated with a home oxygen
appliance. At about 8.30 pm, the patient had
attempted suicide by taking 30 tablets of
carbidopa/levodopa. About 9.00 pm he ap-
peared psychically altered, crying without
reason, anxious, and depressed. After about
30 minutes he was increasingly inadequate,
agitated, and subeuphoric, and was experi-
encing visual hallucinations; he was restless,
tossing and turning, and getting out of bed.
He did not represent peak dose dyskinesia or
other extrapyramidal clinical features. At
10.00 pm he showed bilaterally maximally
dilated pupils. The muscle stretch reflexes
were lively, there were no pyramidal tract
signs, and he did not show any signs of
Parkinson’s syndrome or dyskinesia. Arterial
hypertonus and sinus tachycardia could be
registered.

After an empty box of Striaton (carbidopa/
levodopa, 50 mg/200 mg) was found in the
patient’s flat, 1 g of carbon was given by
stomach tube after gastric lavage. Cranial CT
was carried out before the diagnosis of
intoxication had been made; it showed a pro-
nounced subcortical arteriosclerotic en-
cephalopathy with reduced brain volume.
The patient was moved to the medical inten-
sive care unit and observed for 24 hours. The
ECG showed a P pulmonale, but no other
unusual features. Echocardiography showed
normal right and left ventricular function
with suspicion of right ventricular hypertro-
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