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ABSTRACT  

We study 81 patients, all initially in vegetative state from severe brain injury. We treated them and 
followed them for at least one year after the injury or until death. We report their emotional 
responses, classified as those of human neonates, such as distress, disgust, fright, interest and 
pleasure. We also study the initially fleeting and later developed emotions of fear, surprise, 
sadness, anger, motor mimicry and smiling towards the caregiver. Our results indicate that the 
appearance to our patients of the five first initially present in the neonates emotions is statistically 
significant more frequent than that of the six later developed emotions and that patients who 
exhibit more emotions have a better prognosis. We discuss our results and review the pertinent 
literature. 
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INTRODUCTION 

Patients in vegetative state are an 
important cause of disability after severe 
traumatic brain injury. Recent research has 
increased our knowledge for these patients. 
The use of techniques such as positron 
emission tomography (PET), functional 
magnetic resonance imaging, 

magnetoencephalography etc have allowed 
us to study the responses of these patients’ 
central nervous system to external stimuli. 
The new concept of minimally conscious state 
[1] has been described. 

It would be very important to know 
the individual prognosis of these patients. We 
know that patients in vegetative state after a 
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severe traumatic brain injury have a better 
prognosis than those from non-traumatic 
injuries [2]. Younger patients have a better 
chance of recovery than older patients. But, 
generally speaking, we know very little about 
prognostic factors [3]. 

Patients in vegetative state do not have 
emotions, because they do not have 
consciousness. They have emotional 
reactions, triggered by absolute physical 
stimulus thresholds and not by any 
attribution of meaning. Neonates possess 
only precursor emotions also. They also 
possess only reflex activities without 
consciousness. These precursor emotions in 
neonates have been better studied [4]. No 
comparative study of emotional reactions has 
been done in patients in vegetative state, who 
also function with reflex activities. 

 

MATERIAL AND METHODS 

We prospectively studied patients in 
persistent (>4 weeks duration) or permanent 
(>1 year) vegetative state, treated in our 
Hospital from 1.1.2008 to 30.6.2016.  

We study distress, disgust, fright, 
interest and pleasure. We also study the 
initially fleeting and later developed 
emotions of fear, surprise, sadness, anger, 
motor mimicry and smiling towards the 
caregiver.  

Distress manifests as crying. Disgust 
as nose wrinkling and has as underlying 
reflex gagging. Fright depends on Moro’s 
reflex. The underlying reflex for interest is the 

orienting response. Pleasure emerges as 
smiling, even if delayed. Fleeting emotions 
can be seen even in sleeping, such as fear 
(widening of eyes and clenching fists), 
surprise (raised eyebrows), sadness (pouting 
mouth), anger (frowning), motor mimicry 
and smiling towards the caregiver (1). 

We follow up the patients until at least 
one year after the brain injury or until death. 

 

RESULTS 

We have collected 81 patients with 
brain injury leading to vegetative state. The 
appearance or not of each emotion and their 
combination in individual patients is 
unpredictable. Their frequency of appearance 
is distress 38%, disgust 50%, fright 68%, 
interest 26%, and pleasure 36%; fear 14%, 
surprise 20%, sadness 36%, anger 18%, motor 
mimicry 22% and smiling towards the 
caregiver 40%. 

By using the McNemar’s test we have 
found that the appearance of the five first 
initially presented neonates’ emotions is 
statistically significant more frequent at the 
p<0,01 level than that of the six later 
developed emotions (Table 1). 

20 patients improved, 17 died and 44 
remained in vegetative state. 

Patients who exhibit more emotions 
have a better prognosis. These patients 
exhibited an average of 5,9 kinds of 
emotional responses vs. 2,9 for the rest, p> 
0,05. 
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 yes no total 

Number of 
emotions 
initially present 
in neonates 

100 135 235 

Number of 
emotions later 
present in 
neonates 

66 216 282 

total 166 351 517 

Table 1. McNemar’s test. X²= ([x-y]-1)²/x+y= (135-66-1)²/135+66=4624/201=23. p<0,01  

 

Due to the small number of improved 
patients at follow up, we can draw no 
conclusions if singular emotions or 
combinations of them have any prognostic 
significance. 

Anyway, we have observed that 
interest and pleasure usually combine with 
smile towards the caregiver, while disgust 
and fright with sadness. Fear combines with 
fright, surprise, anger and motor mimicry 
with interest.  

Neonates have coping mechanisms, 
such as sucking, which helps calmness. Such 
mechanisms were not observed in our 
vegetative patients. 

 

DISCUSSION 

Vegetative state is a disorder of 
consciousness. In this state patients with 
severe brain damage are in a state of partial 
arousal rather than true awareness. After four 

weeks in a vegetative state (VS), the patient is 
classified as in a persistent vegetative state. 
Permanent vegetative state occurs after 3 or 6 
months in vegetative state after non-
traumatic brain injury or one year in 
traumatic brain injury. 

Vegetative state is one of the five main 
outcomes of Glascow Outcome Scale. It 
differs from coma: In coma patients lack both 
awareness and wakefulness. In VS patients 
have awoken from coma, but still have no 
awareness. In the vegetative state patients 
can open their eyelids occasionally and 
demonstrate sleep-wake cycles, but 
completely lack cognitive function. 

Patients in VS are a very important 
medical, social and family problem. The 
effort needed to keep these patients in life is 
very high. If we could foresee the final 
outcome, that would be very important.  

Clinical and radiological variables are 
not very helpful prognostic factors. We know 
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that younger patients do better than older 
ones [5], patients remaining longer in VS 
have worse prognosis than the others and VS 
from traumatic brain injury have a better 
prognosis than those from non-traumatic 
causes [2]. There are no clinical signs that 
allow us to decide which patients will recover 
[3]. Re-appearance with proper timing of 
spontaneous motility, eye tracking and oculo-
cephalic reflex and disappearance of oral 
automatisms proved highly correlated to 
outcome and allowed early and reliable 
prognosis [6]. Lesions of the dorsolateral 
brainstem and corpus callosum have a worse 
prognosis [7]. 

The use of modern functional 
neuroimaging has given us better insight into 
this difficult problem. PET studies have 
shown the identification of residual cognitive 
function in persistent vegetative state. That is, 
an external stimulation, such as a painful 
stimulus, still activates "primary" sensory 
cortices in these patients but these areas are 
functionally disconnected from "higher 
order" associative areas needed for awareness 
[8]. In VS patients there are preserved and 
consistent responses in predicted regions of 
auditory cortex in response to intelligible 
speech stimuli, but functional connectivity to 
association cortices is severely damaged [9].  

Somatosensory stimulation of VS 
patients, at intensities that elicited pain in 
controls, resulted in increased neuronal 
activity in primary somatosensory cortex, 
even if resting brain metabolism was severely 
impaired. However, this activation of 
primary cortex seems to be isolated and 

dissociated from higher-order associative 
cortices [10]. 

The purpose of our work was to study 
emotional reactions in patients in VS. These 
emotional reactions are not real emotions, 
because these patients do not have 
consciousness. A similar situation exists in 
human neonates. In terms of our systemic 
definition of emotion, strictly speaking, no 
fully functioning emotions are to be found in 
the neonates. They possess only precursor 
emotions [11] that can form the basis for 
interpersonal regulation to start. These 
precursor emotions are triggered by absolute 
physical stimulus thresholds and not by any 
attribution of meaning [12]. Expressive and 
body reactions are still not coordinated with 
the cause of an emotion and its situational 
context. In part, they are still reflex-like. 

These precursor emotions of neonates 
have been well studied. We have decided to 
use this knowledge for studying emotional 
reactions in VS, despite other obvious 
differences. 

Let us describe these precursor 
emotions: 

The precursor emotions distress, 
disgust, and fright as well as interest and 
endogenous pleasure can be observed 
consistently in neonates [13]. 

1. Distress and crying. Distress is initially an 
emotion with no specific motive that is 
triggered by a deficit state, for example, a 
lack of food, physical integrity (hypothermia, 
pain, overstimulation), or external 
stimulation (body contact, sensory arousal 
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[14]. The typical expression and body 
reaction are initial motor unrest followed by 
an unfocused crying that slowly increases in 
volume plus a rectangular open mouth with 
closed eyes. The quality of crying initially 
contains no indication regarding the cause of 
the emotion. For the caregiver, it functions 
exclusively as a sign. Motor immaturity 
obliges the infant to draw the caregiver’s 
attention to his or her need. 

Accordingly, the caregiver perceives 
the infant’s crying as a directed appeal for 
help. It triggers measurable psychophysio-
logical arousal [15], an urge to seek the cause 
of the crying and remove it, as well as a 
number of intuitive actions designed to calm 
the infant [16]. Accordingly, an infant’s cries 
serving as an appeal for help and the 
caregiver’s feeling of having to respond to 
this appeal form a preadapted unit. 

2. Disgust and nose wrinkling. Disgust can 
be triggered by a bitter or an acidic taste [17]. 
The underlying reflex is gagging [18]. The 
characteristic expressive reaction is to drop 
the lower lip, raise the upper lip, and wrinkle 
or screw up the nose—as elicited in spitting 
by opening the mouth and sticking out the 
tongue [19]. The intrapersonal function of this 
expression is instrumental and serves to eject 
unpleasant foodstuffs. However, caregivers 
may interpret the expression of disgust as a 
sign indicating, for example, that they should 
stop feeding or switch to another foodstuff. 

3. Fright and starting. Fright particularly 
follows a loss of balance, but also other 
abrupt and strong stimulus changes such as a 
sudden noise. Its underlying form is the 

Moro reflex. Although Prechtl [20] assigns it 
no further instrumental function, it does 
possess a sign function for caregivers. In 
itself, fright is closer to a reflex in 
classification [21]. However, it serves as the 
starting point for the emotion of fear [11]. If 
an abrupt or strong stimulus change persists, 
as in, for example, a sudden dunking in water 
when bathing, it is joined by characteristic 
expressive reactions of fear, such as a 
widening of the eyes as a sign of 
sympathicotonia, an A-shaped mouth, and 
clenching fists [22]. Should overstimulation 
persist, the reaction will shift to crying as a 
sign for distress. 

4. Interest. Interest can be viewed as a 
motive-specific emotion triggered by the 
novelty of an external stimulation. It serves 
the search for contingencies in the perception 
of the environment. This active exploration 
behavior is assigned an independent 
motivational basis, namely, that of curiosity 
[23]. Here as well, the “novelty” of 
stimulation is linked initially to physical 
stimulus properties, namely, ones that elicit 
marked sensory contingencies. 

These particularly include the 
“speaking” and slowly moving face of a 
person holding the baby in his or her arms 
[24]. The underlying reflex for interest is the 
orienting response [25]. 

5. Pleasure and smiling. Whether neonates 
already possess the ability to react with the 
emotion of pleasure is a matter of some 
controversy. In contrast to the other 
precursor emotions addressed here, pleasure 
does not exhibit any coincidence between the 
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typical expression sign for the emotion—the 
smile—and an externally observable cause. In 
neonates, smiling occurs during REM sleep 
[26]. This led Fogel and Thelen [27] to 
conclude that smiling might still possess no 
function and not yet be associated 
systematically with motivation states. In 
contrast, Sroufe’s tension modulation 
hypothesis [11] offers an explanation that can 
integrate existing theories and findings on 
smiling and laughing into one consistent 
theory. 

Later developed emotions: The facial 
expressive reactions for precursor emotions 
are joined by a number of further facial 
expressions that babies exhibit 
predominantly during REM sleep. 

These show similarities to the 
prototypical facial expressive reactions of 
surprise (raised eyebrows), sadness (pouting 
mouth), and anger (frowning), but are very 
fleeting. They develop a few weeks or 
months later. 

Motor mimicry: When neonates are exposed 
to the crying of other neonates, they start to 
cry themselves. 

Finally, recognizing the caregiver 
occurs in face-to-face interaction (social 
smiling). 

 

CONCLUSIONS 

There is a similarity between the 
emotions observed in the neonates and those 
observed in patients in vegetative state. Both 
rely heavily on reflex activities. 

Neonates possess five basic precursor 
emotions and six fleeting ones, which 
develop later. Patients in vegetative state 
display all these precursor emotions in 
various combinations. So, they have no clear-
cut one-way development of emotions, such 
as the one observed in neonates. Anyhow, 
they display the five basic emotions more 
frequently than the six fleeting ones. 

Patients who exhibit more emotions 
have a better prognosis.  

Some combinations of emotions are 
more frequent than others.  These 
combinations are reasonable, if we take into 
account that patients in vegetative state had 
in the past intellectual and emotional 
development, which were almost lost, unlike 
the neonates, who never had such a 
development in the past, but have the 
potential to develop it in the future. 
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Συναισθήματα ασθενών σε φυτική κατάσταση  
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ΠΕΡΙΛΗΨΗ  

Περιγράφουμε 81 ασθενείς μας σε φυτική κατάσταση από βαριά κρανιοεγκεφαλική κάκωση. Τους 
αντιμετωπίσαμε και παρακολουθήσαμε τουλάχιστον για ένα χρόνο μετά την κάκωση ή μέχρι τον 
θάνατό τους. Περιγράφουμε τις συναισθηματικές τους αντιδράσεις, ταξινομημένες όπως στα 
νεογνά, ως στενοχώρια, απέχθεια, τρόμος, ενδιαφέρον κι ευχαρίστηση. Επίσης, τις κάπως 
αργότερα αναπτυσσόμενες συναισθηματικές αντιδράσεις των νεογνών, όπως φόβος, έκπληξη, 
λύπη, θυμός, μιμητικότητα και χαμόγελο. Όλες οι αντιδράσεις μελετήθηκαν στους ασθενείς σε 
φυτική κατάσταση ανάλογα με την κλινική τους έκφραση στα νεογνά. Τα βασικά μας 
συμπεράσματα είναι ότι συνήθως εμφανίζονται πρώτα οι συναισθηματικές αντιδράσεις που 
εμφανίζονται πρώιμα και στα νεογνά. Επίσης, ότι περισσότερες συναισθηματικές αντιδράσεις 
συνοδεύονται από καλύτερη πρόγνωση. 

 

Λέξεις ευρετηρίου: φυτική κατάσταση, συναισθήματα, νεογνά, πρόγνωση 
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