as soon as the therapist left, she stopped crying and smiled
at her mother. She developed a liking for puppies and
small children: her face becomes animated whenever she
sees them.

Socialization

The subject clearly enjoys being with people and even plays
interactively. A conversation with her mother is documented
onvideo, in which the subject attempted to imitate monosyl-
lables and even uttered ‘ah-ah’ when coaxed to say ‘mama’.
In another scene, in an imitative game with her mother, she
attempted to stick out her tongue and finally succeeded.

Musical and emotional discrimination

By history, when the subject hears a happy song she enlivens
and seems to want more when it ends; conversely, she tends
to cry with sad songs. During DAS’s visit she did enjoy some
happy songs, but no sad songs were available for compari-
son. Once when a babysitter was crying, the patient began to
cry sympathetically.

Body awareness

At 6 months this subject began to manifest awareness of her
body; for example, if her face hurt, she would stroke it with
her hand. She enjoys vestibular and vibratory stimuli — dur-
ing a car ride she cried at stops and immediately calmed
upon resumption of motion.

Associative learning

The subject startled and stiffened when a vacuum cleaner or
hair dryer was turned on, making a loud unpleasant noise.
After several such experiences, she also stiffened in anticipa-
tion if either object (though switched off) was brought near.
She developed a small receptive vocabulary, including
‘bunny rabbit’ (a stuffed toy), ‘Michael’ (a family friend), and
‘Pocahontas’ (an image on her T-shirt); with coaxing and rep-
etition of the question, “‘Where is [one of these]?’, she cor-
rectly looked at the object or person.

SUBJECT 4
This baby boy was born to a single mother who intended
adoption. Due to his abnormally positioned ears, a CT scan

Figure 6: Subject 3 visually fixating and socially
interacting with DAS.

was obtained, diagnosing hydranencephaly. On reexamina-
tion, his head transilluminated. The subject was adopted at 6
weeks by a former nurse who provided a home for children
with disability. She was told that he would die soon and never
develop relatedness.

The subject soon demonstrated severe spastic quadriple-
gia. Despite physical therapy, diazepam, and baclofen,
marked flexion contractures developed. He required gavage
feeding for 2 years, but then ate orally until age 11, when a
gastrostomy tube had to be placed.

The patient has always appeared cortically blind, with some
response to darkness and light but no visual tracking. An oph-
thalmological examination revealed severe optic atrophy.

Seizures were suspected, with motionless staring, often
progressing to head deviation and facial twitching for around
a minute, followed by drooling. Phenobarbital was begun
and is still taken; seizure frequency is now around two per
month. Three EEGs, at ages 4 years, 4 years 6 months, and 9
years 6 months all showed no activity in frontal, central, and
temporal leads. The occipital region had frequent epilepti-
form discharges and no change with eye opening or closing.

At age 10 years, the patient required a permanent tra-
cheostomy for airway obstruction due to macroglossia. CT
scan at that time showed occipital-lobe remnants but no
other cerebral cortex. Posterior fossa structures were nor-
mal. Since then, he has remained in excellent general health.
Puberty began around 13 or 14 years.

At ages 9, 12, 14, and 17 years, this subject was evaluated
with the Vineland Adaptive Behavior Scales. Age-equivalent
scores ranged initially from 4 to10 months and recently from
1 to 5 months, with a decrease in the daily-living domain
related to inability to take food orally.

DAS visited the patient when he was 17 years old. His head
circumference was 57 cm, his pupils reacted to light, and his
eye movements were roving and nystagmoid without fixation
or following. Extremities had fixed contractures, and reflexes
were hyperactive with sustained clonus. Facial expression and
slight head turning were his only means of communication.

Non-verbal communication and affect
Atage 9 years, a developmental psychologist observed the sub-
ject making cooing sounds, expressions of sadness or pain,

Figure 7: Subject 4 smiling in response to music therapy.
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and smiling in the presence of caregivers. At age 14 years, on
reevaluation, he cooed and laughed, and by age 17 he indicat-
ed preferences through facial expressions and a broad smile.

Person recognition
The subject’s ability to distinguish his mother became evi-
dent around 2 years, when he would stop sucking a bottle
and attend when his mother spoke to him but not when oth-
ers did. Ever since, he has reacted indifferently to strangers
but positively to her. His eyes often turn towards her voice,
even though he does not see. When at age 10 years he was
taken to the hospital for upper-airway obstruction, she had
to accompany him in the ambulance: as long as he heard her
reassuring voice and felt her caresses, his oxygen saturation
remained tenuously stable, but whenever she stopped, it
quickly deteriorated.

This discriminative ability was repeatedly corroborated by
a developmental psychologist, who noted that at age 9 years
the subject smiled in response to caregivers, at 12 and 14
years old he distinguished his mother’s from his father’s
voice, and at age 17 years he enjoyed his mother stroking his
face and tolerated pain better in her presence. During DAS’s
visit he was unresponsive to the author’s attempts at vocal
and tactile interaction, but smiled consistently to his moth-
er’s voice and touch.

Orientation
At ages 9 and 12 years the subject was documented to turn
head and eyes toward sound and his head toward tactile
stimulation.

Musical discrimination

The subject’s mother frequently exposed him to music. At
age 14 years the psychologist noted that he enjoyed music,
particularly with deep sonorities. From age 16 years, he has
had weekly sessions with a music therapist. She gradually
found that particular pieces and types of music (such as
those with strong rhythms and high-pitched instruments)
elicit positive affect more consistently than others: he smiles
radiantly and sometimes laughs, whereas his affect blunts
when the music stops or less-favorite pieces are played.
Environmental sounds elicit no such response. He distin-
guishes live instruments and especially enjoys the therapist’s
maracas and tambourine and to have the stereo speaker
placed on his chest. At times he has followed the sound of her
maracas with his eyes as she walked around his bed.

During DAS’s visit the music therapist came, and these dif-
ferential responses were observed. When DAS played some
classical music on an electric keyboard the patient remained
apathetic, but he smiled and became animated with a tape of
favorite band music accompanied by live maracas (Fig. 7).

Discussion

Each of these children defied a prognosis of permanent vege-
tative state, rendered with absolute certainty by multiple
physicians, including pediatric neurologists and neurosur-
geons. Any one of the cases suffices to disprove that all con-
tent of consciousness, including pain and suffering, is
necessarily mediated by the cortex. That four such cases have
come to the authors’ attention through pure happenstance
suggests that subcortical mediation of consciousness in con-
genitally decorticate children might not be so uncommon as
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the Multi-Society Task Force seems to imply (1994a).
Therefore, these findings raise important questions about
our assumptions regarding consciousness and brain plasticity.

IS THE CORTEX NECESSARY FOR CONSCIOUSNESS?

It would far exceed the present scope to enter into a philo-
sophical discussion of the definition and possible opera-
tional criteria for something so fundamental yet elusive as
‘consciousness’. It suffices to emphasize the term’s inherent
ambiguity, deriving from the ‘bidimensionality’ of human
consciousness: the simultaneous awareness of the physical
world (including one’s own body) and awareness of that
awareness (i.e. self-awareness, reflective awareness) (Plum
and Posner 1983, p.1).

The AAN position statement on PVS (1989) implicitly
ascribes to ‘consciousness’ both dimensions, paraphrasing
‘eyes-open unconsciousness’ as a state in which ‘at no time is
the patient aware of him- or herself or the environment’.
Similarly, its more recent ‘practice parameter’ defines vegeta-
tive state as involving ‘complete unawareness of the self and
the environment’ (AAN 1995).

Nevertheless, biologists (not to mention animal rights’
activists) speak meaningfully of ‘consciousness’ in animals,
where only the behavioral, operationally definable, non-
reflective dimension is implied. Unarguably, such ‘con-
sciousness’ is just as properly attributed to the decorticate
children described here. Were they not humans studied by
clinicians but rather animals studied by ethologists, no one
would object to attributing to them ‘consciousness’ (or abili-
ty to ‘experience’ pain or suffering) based on their evident
adaptive interaction with the environment. This alone is
surely remarkable. Even prescinding from the question of
self-awareness, the possession by decorticate children of
even animal-type ‘consciousness’ thoroughly contradicts
prevailing PVS orthodoxy, which predicts that they should be
precisely vegetative, not sentient and intentionally behaving.

Whether or not their consciousness also has an ‘orthogo-
nal’ reflexive dimension is empirically unanswerable. Self-
awareness cannot be reduced to mere external manifestations
(i.e. linguistic self-reference); neither can its absence be
inferred from mere absence of such manifestations, especial-
ly if the linguistic apparatus is pathologically or developmen-
tally inadequate. For example, there is no reason to suspect
that children with autism, stroke victims with global aphasia,
and preverbal infants lack reflective awareness merely
because they do not talk about it.

Some authors claim that the best test for self-awareness in
animals is recognition of their own body in a mirror (Korein
1997). Whether behavior before a mirror reflects true self-
awareness of a mind, as opposed to an extension of body-
awareness or even mere fascination with control over the
image’s movements (perceived as extra-self), is debatable. In
any case, subject 1 was as interested in his reflection as any
infant or simian who passes the ‘mirror test’.

Although agnosticism about self-awareness might theo-
retically be the only scientifically rigorous position, practical
prudence demands giving the benefit of the doubt that any
human who is behaviorally conscious is reflectively so as
well. Thus have we always treated individuals with autism
and aphasia. Only recently, however, has the same enlight-
ened stance been extended to preverbal infants (Anand and
Hickey 1987), and there is no a priori reason not to extend it



also to decorticate children with environmental awareness.
After all, we feel compelled to treat ‘humanely’ laboratory
animals with even smaller brains.

WERE THESE CHILDREN TRULY DECORTICATE?

One might argue that the remarkableness of these cases is
muted by the fact that none of the children was absolutely
devoid of cortical tissue: they were not truly decorticate.

The proper nomenclature for subject 1’s and subject 3’s
pathology is admittedly debatable; it is more dysgenetic than
classical hydranencephaly (the end-product of in utero
necrosis of normally developing hemispheres [Halsey et al.
1971, Sarnat 1992]). Subject 1 had mesial temporal rem-
nants and a large supratentorial cyst partially lined by tissue
capable of generating epileptiform discharges. Subject 3 has
a sliver of holoprosencephalic frontal lobe. But the point is
that even if these two children were not decorticate absolute-
ly, they were enough so that physicians, including neurolo-
gists, predicted a vegetative outcome absolutely.

Even in classical hydranencephaly there is often a thin
remnant of inferior temporo-occipital cortex (Halsey et al.
1971), as exemplified in subject 2 and subject 4. Typically this
tissue does not mediate vision because it is severely gliotic
and optic radiations are absent. Thus, despite the cortical
remnant, such children are universally cortically blind, as
was subject 4 (and subject 2 on ‘bad days’), and the literature
does not hesitate to label them ‘decorticate’ (Halsey et al.
1968, Deiker and Bruno 1976, Berntson et al. 1983) and to
consider them as necessarily vegetative (Multi-Society Task
Force on PVS 1994a).

The most important differential diagnosis is with ‘maxi-
mal hydrocephalus’, in which the cortex is basically intact
though extremely compressed (Sutton et al. 1980, linuma et
al. 1989). Refinements of modern neuroimaging make this
distinction less difficult than it used to be. Also, the EEG is
relatively normal in maximal hydrocephalus but virtually flat
in hydranencephaly. In each of our four cases, all diagnostic
information taken together leaves little ground for concern
over possible misdiagnosis of maximal hydrocephalus.

Primarily, these children’s consciousness can be inferred
to be mediated subcortically, not because there were
absolutely zero cortical neurons, but because the few that
were present could not plausibly subserve the totality of
their conscious behaviors. That is why parents were invari-
ably told, with complete confidence by relevant specialists,
that their child would unquestionably remain in a vegetative
state for as long as he or she lived. Experienced neurologists,
to whom the authors have shown the CT and MRI scans also
typically predict vegetative state.

This is not to say that the number and distribution of
telencephalic neurons played no role in these children’s cog-
nitive repertoire. The two with rudimentary limbic struc-
tures (subject 1 and subject 3) were more affective and
sociable than the two with classical hydranencephaly, and
they also had more motor function. Ironically, they also pos-
sessed more vision despite total lack of occipital cortex,
when compared with the other two who had little or no
vision despite occipital remnants. It seems as unlikely that
the occipital tissue in the latter two mediated their discrimi-
native affect as that the limbic tissue in the former two medi-
ated their vision. What is functionally common to all
(consciousness per se) is more logically attributable to struc-

tures common to all (diencephalon and brainstem) than to
idiosyncratic structures (subject 3’s frontal sliver, subject 1’s
mesial temporal tissue, and subject 2 and 4’s occipital slabs).

In principle, the anatomical substrate of their various cog-
nitive functions could be clarified non-invasively by high-res-
olution positron emission tomography, or less practically by
functional MRI. Unfortunately, logistical and economic
obstacles precluded such tests, and we must make do with
inferences from the information available.

DO SUBCORTICAL STRUCTURES POSSESS ‘VERTICAL PLASTICITY?
That subcortical mediation of consciousness has been
described so far only in congenital brain malformations sug-
gests that developmental plasticity may play a role. Although
both cortical plasticity for cortical functions and subcortical
plasticity for subcortical functions (‘horizontal’ plasticity)
have been known for many decades (Flohr and Precht 1981,
Cotman 1985, Finger and Wolf 1988), subcortical plasticity
for supposedly cortical functions (‘vertical’ plasticity) has
not previously been reported, apart from in subject 1 and
subject 2 in an abstract (Shewmon and Holmes 1990) and
mentioned briefly elsewhere (Shewmon 1992).

Vertical plasticity must be less robust than horizontal plas-
ticity: intuitively, potential for compensatory reorganization
ought to be largely related to the degree of microstructural
similarity between sites at issue. But it would be gratuitous to
exclude a priori the very possibility of vertical plasticity.
Perhaps the strongest argument for its role in our subjects is
that the two children with vision despite total absence of
occipital cortex had brain malformations arising earlier in
gestation than the two with no vision despite occipital rem-
nants. Presumably in the latter cases, before telencephalic
infarction, the visual system had developed so that relevant
subcortical nuclei were already committed to a functional
relation with occipital cortex, whereas in the former, the
absence of occipital cortex all along allowed those subcortical
nuclei ‘free rein’ to organize optimally for functional vision.

If such vertical plasticity can occur with vision, there is no
reason to suppose it cannot also occur to some extent with
other sensory and motor modalities and with their mutual
interactions mediating adaptive environmental relatedness,
i.e. with consciousness (at least its behavioral, operationally
definable dimension). This should not be surprising, given:
(1) the primarily subcortical mediation of certain sensory
modalities, especially pain (Willis 1989, Lenz 1991,
McQuillen 1991, Bromm and Desmedt 1995), with cortex
serving a more modulatory role (Talbot et al. 1991); (2) the
non-postulation of any cortical representation of certain
other sensations, especially visceral ones such as nausea,
thirst, and so on (Brookhart et al. 1984, Kandel et al. 1991);
(3) the distinction between pyramidal and extrapyramidal
motor systems, the former governing fine, distal activity and
the latter gross, proximal/axial activity (Lawrence and
Kuypers 1968a, b; Sarnat 1989; Davidoff 1990) (with hemi-
spherectomy; loss of individual finger movement is a pyrami-
dal deficit, whereas gait and use of the paretic arm as a helper
derive from the extrapyramidal system: our cases are motori-
cally and anatomically equivalent to bilateral hemispherecto-
my); (4) the role of the nucleus reticularis thalami in
attentional focus and relevance-based precortical sensory fil-
tering (Crick 1984, Scheibel 1984, Hobson and Steriade
1986); and (5) the ‘distributedness’ (both horizontal and
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vertical) of brain systems mediating higher functions
(Freeman 1990, John 1990, Mesulan 1990, Pribam 1990).

The hydranencephaly literature documents subcortical
mediation of certain cognitive functions usually attributed to
cortex, such as distinguishing mother, associative learning,
consolability, conditioning, orienting, and visual tracking
(Nielsen and Sedgwick 1949, Barnet et al. 1966, Halsey et al.
1968, Brackbill 1971, Berntson and Micco 1976, Deiker and
Bruno 1976, Aylward et al. 1978, Graham et al. 1978, Tuber et
al. 1980, Berntson et al. 1983, Francis et al. 1984).

In the pre-CT scan era, Lorber (1965) described a remark-
able case of a boy diagnosed with ‘hydranencephaly’ by
pneumoencephalogram, who had developed normally as of
21 months of age. The X-ray seemed to show air right up
against the inner table of the skull. Nevertheless, normal
development is so implausible with hydranencephaly yet
perfectly in keeping with maximal hydrocephalus, that one
cannot help doubting the sensitivity of the air study. Lorber
stated that an EEG ‘showed evidence of some electrical activ-
ity’, but its quality and distribution were not described. If the
EEG was as relatively normal as the child, then surely this was
misdiagnosed hydrocephalus. Lorber concluded: ‘there
ought to be some cerebrum somewhere, as it is impossible to
explain his progress otherwise. At this stage, one can go no
further and he remains an enigma.’ Fifteen years later, Lorber
reported patients with cortex as thin as 1 mm from hydro-
cephalus, yet neurologically normal (Lewin 1980). Follow
up on the normally developing boy with ‘hydranencephaly’,
however, was not provided.

The cases reported here are not at all similar to Lorber’s:
the subjects had gross brain dysgenesis or bona fide hydra-
nencephaly, and all were cognitively and motorically severely
disabled. The impossibility of their having misdiagnosed
maximal hydrocephalus reinforces more convincingly
Lorber’s and others’ speculation that subcortical structures
may play a greater role in consciousness than is usually
assumed (Berntson and Micco 1976, Lewin 1980).

Some authors have hypothesized primarily subcortical
vision in normal human newborn infants before postnatal
encephalization (Bronson 1974, Snyder et al. 1990). Fetuses
in utero can distinguish and remember sounds (DeCasper
and Spence 1986, Restak 1986), and term infants prefer their
mother’s voice to other women’s, and women’s voices to
men’s (DeCasper 1980), even though they have very low
cerebral cortical metabolism not dissimilar to adults diag-
nosed in PVS (Chugani et al. 1987, Levy et al. 1987).

There is also phylogenetic precedent for subcortical media-
tion of some complex behaviors and perceptual functions tra-
ditionally regarded as ‘cortical; for example, habituation,
learning, and discriminative conditioning have been observed
in decorticate animals (Bromiley 1948, Travis and Woolsey
1956, Huston and Borbély 1974, Norman et al. 1977, Finger
and Stein 1982). Binocular depth perception is exhibited
exquisitely by falcons, owls, toads, and grass frogs, although
they possess little or no visual cortex (Pettigrew and Konishi
1976, Collet and Harkens 1982, Fox et al. 1997), and it can be
brought out in cats after bilateral occipital lobectomy (Feeney
and Hovda 1985, Hovda et al. 1989, Hovda and Villablanca
1990). Feline vertical plasticity is evidenced in that adult cats
bilaterally hemispherectomized as kittens behave nearly indis-
tinguishably from normal, in marked contrast to cats hemi-
spherectomized as adults (which are severely disabled)
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(Bjursten etal. 1976, Burgess and Villablanca 1986, Burgess et
al. 1980, Villablanca et al. 1986).

This animal evidence is cited, not to imply that cortex and
subcortical structures must have the same roles in humans as
in animals and the same potential for plasticity (the perils of
cross-species extrapolations are well known), but rather to
emphasize how much more parsimonious it seems (absent
direct data) tentatively to ascribe subject 3’s visual function,
for example, to subcortical pathways known to subserve
vision in animals rather than to her rudimentary frontal lobe:
much less radical reorganization would have to take place.
On the other hand, the cortex’s capacity for transmodal reor-
ganization may also be greater than previously imagined, as
evidenced by recent studies of occipital activation by tactile
braille reading in people blind from an early age (Cohen et
al. 1997, Buichel et al. 1998). Clearly this exciting field is wide
open for fruitful research.

WHY ARE CASES SO RARE?
If consciousness in congenitally decorticate children occurs
by virtue of diencephalic and brainstem plasticity, why
should it not occur in all, or even most of, such children? Five
possible reasons suggest themselves. Firstly, decorticate chil-
dren are extremely sensitive to changes in routine and envi-
ronment. They are easily disturbed by rides to doctors’
offices and by strange people and surroundings; in such set-
tings they often involute and fail to manifest any cognitive
functions that parents might report. (This is why home visits
or home videos are a particularly important means of docu-
mentation.) Secondly, certain functions may be intermittent
even at home (for example, subject 1’s scooting, subject 2’s
tracking), reducing still further their probability of being wit-
nessed during a brief office visit, let alone in an emergency
room or intensive-care unit. Thirdly, the preceding two
obstacles are compounded by the brevity of time that doctors
often have for taking detailed developmental histories and
examining for subtle functions that may not be immediately
manifest. Fourthly, we physicians have learned through
experience to interpret implausible parental claims about
abilities of children with severe disabilities as psychological
denial. On the other hand, we should be on guard against a
form of denial ourselves, ignoring evidence inconsistent
with our (often simplistic) theories of brain functioning. We
all probably engage in more selective information-filtering
than we would like to admit. Finally, and perhaps the most
important reason why such cases are so rare is that the label
‘developmental vegetative state’ tends to be self-fulfilling.
Sensorimotor and emotional deprivation in even neurologi-
cally normal infants leads to profound apathy, failure to
thrive, and developmental delay (Koluchova 1972, Money
1977, Dietrich et al. 1983, Powell and Bettes 1992, Weston et
al. 1993, Perry et al. 1995). How much more should such
consequences be expected if the deprived infant has severe
disabilities. Nevertheless, the uniformity of ‘vegetative’ out-
comes in decorticate infants treated as ‘vegetables’ is accept-
ed uncritically by many as evidence that congenital
decortication necessarily produces a ‘developmental vegeta-
tive state’. This is analogous to the now acknowledged
tragedy of many potentially functional individuals with Down
syndrome who became victims of self-fulfilling prognoses of
severe mental retardation (Canning 1978, Zausmer 1978).
Indeed, the parents of all four children reported here



were initially warned by most physicians that their child
would unquestionably never have a mental life. Whether
some physicians actually used pejorative terminology, or
parents simply reinterpreted over time their recollection of
those conversations, matters little for understanding the
self-fulfilling tendency of the label ‘developmental vegeta-
tive state’. Regardless of the words spoken, parents were
often left with a sense of not merely a bleak developmental
outlook but even a dehumanizing attitude toward the child.
On occasion (such as when the child was brought to an
emergency room or required intensive care) some parents
were given the impression that certain physicians felt they
were wasting valuable time and scarce resources on some-
thing subhuman or even subanimal (i.e. a ‘vegetable’, even
if the word was not used explicitly).

If these children had been kept in institutions (as subject 2
was for the first 1.5 years) or treated at home as ‘vegetables’
(the prognosis being accepted uncritically by parents), there
can be little doubt that they would have turned out exactly as
predicted. What surely made all the difference was that their
parents ignored the prognoses and advice, and instead fol-
lowed their instinct to shower the children with loving stimula-
tion and affection. Such children and their families have much
to teach about not only the neurophysiology of consciousness.
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