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Abstract

Objective The aim of the study is to explore the possibility of oral feeding in unresponsive wakefulness syndrome/vegeta-
tive state (UWS/VS) patients.

Method We reviewed the clinical information of 68 UWS/VS patients (mean age 45 + 11; range 16-79 years) searching for
mention of oral feeding. UWS/VS diagnosis was made after repeated behavioural assessments using the Coma Recovery
Scale—Revised. Patients also had complementary neuroimaging evaluations (positron emission tomography, functional
magnetic resonance imaging and electroencephalography and diffusion tensor imaging).

Results Out of the 68 UWS/VS patients, only two could resume oral feeding (3%). The first patient had oral feeding (only
liquid and semi liquid) in addition to gastrostomy feeding and the second one could achieve full oral feeding (liquid and
mixed solid food). Clinical assessments concluded that they fulfilled the criteria for a diagnosis of UWS/VS. Results from
neuroimaging and neurophysiology were typical for the first patient with regard to the diagnosis of UWS/VS but atypical
for the second patient.

Conclusion Oral feeding that implies a full and complex oral phase could probably be considered as a sign of consciousness.
However, we actually do not know which components are necessary to consider the swallowing conscious as compared to
reflex. We also discussed the importance of swallowing assessment and management in all patients with altered state of
consciousness.
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Background
Evelyne Mélotte and Audrey Maudoux contribute equally to this

work as first author. The unresponsive wakefulness syndrome (UWS/VS) is a

disorder of consciousness characterized by the presence of
eye-opening and reflexive movements, without conscious
behaviours [1]. In patients with UWS/VS, cortical white and
grey matters are severely affected [2]. Fluorodeoxyglucose
positron emission tomography (FDG-PET) studies show
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impairment of metabolism in the polymodal associative
cortices but relatively preserved metabolism in the brain-
stem [3, 4]. Swallowing is a complex sensorimotor function
which is either initiated voluntary or occurs spontaneously
(reflex swallowing). Each type of swallowing activates dif-
ferent cortical regions. Neuroimaging studies demonstrated
that while the central pattern generator (CPG; localized in
the brainstem) mediates the reflexive component of swal-
lowing, many cortical regions are involved in voluntary as
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well as in reflex swallowing [5-8]. However, even if both
forms of swallowing involve cortical regions activation, the
network of brain regions activated during reflexive swallow-
ing is different from that observed during volitional swal-
lowing [5-8]. More specifically, fMRI studies in healthy
volunteers showed that cerebral cortical representation of
saliva and water reflexive swallow mainly involved bilateral
primary sensorimotor cortices and insular cortices [5, 7].
On the other hand, during saliva and water bolus volitional
swallows, there is an activation of the primary sensorimotor,
premotor, prefrontal, frontal opercular, temporal and insular
cortices, anterior cingulate gyrus and precuneus with a most
consistent cortical activation in the primary sensorimotor
cortex [5, 7, 8]. In the case of UWS/VS, patients classically
receive hydration and nutrition through an enteral feeding
tube. The possibility of resuming oral feeding in the UWS/
VS population is greatly debated [2, 9—12], and it is actually
unclear if the presence of oral feeding is compatible with the
diagnosis of UWS/VS or if this observation should lead to
a modification of diagnosis (i.e. minimally conscious state).
In this article, we document the feasibility of oral feeding in
patients with UWS/VS.

Method

We retrospectively reviewed the clinical information of 68
chronic patients in UWS/VS. These patients were sent by
their institution, doctor or family to be hospitalized for a
1-week multimodal assessment in the University Hospital
of Liege. From December 2006 to May 2017, 68 chronic
patients in UWS/VS underwent this hospitalization week.
The inclusion criteria were a chronic state (> 3 months after
onset) and a diagnosis of UWS/VS. Diagnosis of UWS/VS
was made after repeated behavioural assessments by trained
and experienced neuropsychologists using the Coma Recov-
ery Scale—Revised (CRS-R, [13]). The CRS-R consists of
six subscales (auditory, visual, motor, and oromotor func-
tions as well as communication and arousal) giving us 23
items ordered by degree of complexity, ranging from reflex-
ive to cognitively mediated behaviours.

We also performed complementary clinical neuroimag-
ing assessments. FDG-PET data were normalized to signal
intensity of the skin [14]. The mean value of skin voxels
was selected as intensity scaling index for each volume.
The skin was chosen due to the fact that it is not affected
by the brain injury and metabolic activity can easily be
extracted. For resting state functional Magnetic Resonance
Imaging (fMRI), spontaneous BOLD signal correlations
were measured between different brain regions for the
default mode, auditory, visual, sensorimotor, salience and
frontoparietal networks [15]. We also used diffusion tensor
imaging (DTI) to quantify the orientation and directional

uniformity of water diffusion in brain tissue [16]. Finally,
clinical electroencephalograms (EEG) using 19 electrodes
were also acquired and interpreted by a certified neurolo-
gist. Among the 68 patients in UWS/VS (mean age 45 + 11;
range 1679 years), etiology was traumatic in 17 cases and
non-traumatic in 51 cases [anoxic encephalopathy (n = 34),
ischemic or hemorrhagic stroke (n = 8), mixed etiology
(n = 4), others (n = 5)]. Median interval since insult was
30 months (Q1 = 9 and Q3 = 39).

Results

Out of the 68 UWS/VS patients included in this study,
according to the medical records and the questionnaires
fulfilled by the family, the doctor and the nurses, only two
patients could resume oral feeding (3%). The first patient
received oral feeding (i.e. liquid and semi liquid) in addi-
tion to gastrostomy feeding, with a functional swallowing
based on an otorhinolaryngological examination, and the
second patient had full oral feeding (i.e. liquid and mixed
solid food).

Casereport 1
Medical history

A 17-year-old man was admitted to intensive care unit after
an ethylic coma complicated by a pneumopathy caused by
gastric liquid inhalation. The situation was evolving posi-
tively, allowing the patient to leave the hospital after a few
days. However, a couple of days after the discharge, the
patient suffered from a cardiorespiratory arrest occurring
after an effort at home. Cardiorespiratory resuscitation was
performed and ventilation was needed. An unconscious state
was observed with a lack of evolution. One month later, the
patient was discharged from intensive care unit with a diag-
nosis of UWS/VS and returned to his parent’s home without
any period in a rehabilitation centre. He received nurse care
each day and physical therapy thrice a week but no swal-
lowing care. Fourteen years after the brain injury, he came
to the University Hospital of Liege. He was still considered
as UWS/VS.

Oral feeding

When the patient came at the University Hospital of Liege,
he was entirely fed by mouth with thick to thin liquid tex-
ture (corresponding to level 0—4 in the International Dys-
phagia Diet Standardisation Initiative—IDDSI Frame-
work [17]). However, the patient still had the gastrostomy
tube for complementary nutrition of about 0.5 1 per day.
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Otorhinolaryngological exam were performed. The fiber-
optic endoscopic evaluation showed preserved laryngeal
mobility and cough reflex, as well as no salivary or secre-
tions stasis. Semi-liquid and liquid test was performed. For
semi-liquid, the patient could open his mouth when the
spoon touched his lips but he was not able to close it around
the spoon. Antero-posterior movements of the tongue were
observed and there was no buccal stasis. The initiation of
swallowing reflex was delayed but no inhalation occured.
Liquid was given with a syringe on lingual basis. A posterior
leakage was observed, the initiation of swallowing reflex was
delayed but ventricular bands close to protect the larynx and
no inhalation occured.

Multimodal diagnosis assessment

CRS-R total scores ranged from 4 to 7 depending on the day
(total of 6 evaluations). The patient showed spontaneous eye

Patient 1
g ——

FDG-PET

fMRI
Default
mode
network

fMRI
Auditive
network

Fig. 1 Neuroimaging results (PET, fMRI default mode network,
fMRI auditory network and DTI) of the two patients and healthy con-
trols. Patient 1 (left panel): FDG-PET showed a drop in brain metab-
olism of 79% with hypometabolism in the global lateral and medial
fronto-parietal network and a preservation of the brainstem and cer-
ebellum (a, b). MRI revealed a global bilateral atrophy of the cerebral
and cerebellar hemisphere in patient 1 (¢, d). DTI showed diffuse
alteration of white matter connections (g, h). Patient 2 (central panel):
drop in brain metabolism of 47% with hypometabolism in the bilat-
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Patient 2

opening, head and legs movements, auditory startle reflex,
no response to command, no visual fixation, no visual pur-
suit, bilateral abnormal flexion in response to noxious stimu-
lations, oral reflex movements and vocal productions but no
communication. The total CRS-R score on the day of the
otorhinolaryngological exam was 5. Clinical assessments
concluded that he fulfilled the criteria for a diagnosis of
UWS/VS. Neuroimaging results also pointed in that direc-
tion (Fig. 1a—h). FDG-PET showed a drop in brain metabo-
lism of 79% as compared to healthy controls, with hypo-
metabolism in the global lateral and medial fronto-parietal
network and a preservation of the brainstem and cerebel-
lum (Fig. 1a, b). MRI revealed a global bilateral atrophy of
the cerebral and cerebellar hemispheres (Fig. 1c, d). fMRI
showed no spontaneous brain activity in the different resting
state networks (Fig. 1c—f). DTI showed diffuse alteration
of white matter connections (Fig. 1g, h). Clinical electro-
encephalograms (EEG) suggested a severe encephalopathy.

Healthy controls
R

eral parieto-temporal associative areas but relative preservation of
the brainstem, cerebellum and frontal and occipital cortex (i, j). MRI
revealed a global cerebellar vermis atrophy, a mesencephalic bilateral
atrophy, a parieto-occipital cortex and basal ganglia (principally left
thalamic) atrophy (k, 1). DTI showed loss of white matter in dorsal
posterior area bilaterally and disorganisation of fibers in parietal cor-
tex (0, p). In fMRI, performed with sedation, patient 1 and 2 showed
no spontaneous brain activity in the different resting state networks
(c—f and k—n, respectively)
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Case report 2
Medical history

A 35-year-old man was admitted to the hospital as a result
of a motor road accident (moped knocked down by a car).
There was no loss of awareness or neurologic symptoms but
some fractures in the hand and kneecap. Three days later,
he was admitted to the intensive care unit after a cardiac
arrest during a kneecap surgery. He sustained an anoxic
brain injury and remained comatose during the following
10 weeks. He then recovered spontaneous eye opening and
startle reflexes to loud sound and bright light. Three weeks
after the brain injury, computed tomography revealed cer-
ebral collapse on basal ganglia. He was tracheostomized dur-
ing the first three months then oral feeding was gradually
started. At the discharge, neurological examination retained
the diagnosis of “permanent vegetative state” based on the
absence of any behavioural sign of consciousness. The
patient returned back home 4 months after the anoxic brain
injury with a naso-gastric tube feeding. Nineteen years after
the insult, the patient came to the University Hospital of
Liege for a multimodal diagnosis assessment.

Oral feeding

Oral liquid and solid food feeding were gradually con-
tinued by the mother after the initial hospitalization and
enteral feeding was stopped 2 weeks after the discharge.
The patient never received swallowing therapy. When he
came to our center, the patient was entirely fed by mouth. He
also orally received hydration and medications. Solid food
corresponded to level 5 (minced and moist) in the IDDSI
Framework [17]. Three meals per day were administrated
by the mother or the nurse with normal utensils. The patient
opened his mouth when the spoon was touching his lips but
was not able to close his lips around the spoon. There was
no history of lung infection and his body weight was stable.
The nutritional status measured by albumin indicator was
normal (43gr/L norms 38-49).

Multimodal diagnosis assessment

Behavioural examinations confirmed the diagnosis of UWS/
VS. The CRS-R total scores ranged from 6 to 7 depending
on the day (total of 6 evaluations) and showed spontaneous
eyes opening, auditory startle reflex, no response to com-
mand, no visual fixation or pursuit, no blink to threat, bilat-
eral flexion responses to noxious stimulations, oral reflex
movements and vocalizations without any communication.
However, neuroimaging examinations (FDG-PET, DTI and

EEG) looked atypical. FDG-PET showed a drop in brain
metabolism of 47% as compared to healthy controls with
relative metabolic preservation of the brainstem, cerebellum,
frontal and occipital cortices and hypometabolism in the
bilateral parieto-temporal associative areas (Fig. 1i, j). MRI
revealed global cerebellar vermis atrophy, mesencephalic
bilateral atrophy, parieto-occipital cortex and basal ganglia
(principally left thalamic) atrophy. There was also a hyper-
intense signal in the midbrain and the pons compatible with
a Wallerian degeneration. A quadriventricular dilatation was
also noted as well as bilateral white matter diffuse lesions
encompassing parietal and cingulate posterior cortices and
precuneus (Fig. 1k, 1). fMRI showed no spontaneous brain
activity in any of the resting state networks (Fig. 1k-—n). DTI
showed a loss of white matter in dorsal posterior area bilater-
ally and disorganisation of fibers in parietal cortex (Fig. 1o,
p). EEG depicted symmetrical reactive slow theta activity,
suggesting of a medium and diffuse cerebral suffering.

Discussion

In our population, only two out of 68 patients in UWS/VS
could safely resume oral feeding. This is thus a rare observa-
tion (3%) among patients in UWS/VS. We see that the period
between the accident and the assessment in our center is
very long. It reflects the failure of most health care system to
adequately care for disorders of consciousness patients after
the acute phase. A previous retrospective study showed that
in 260 patients diagnosed as “permanent vegetative state”,
8% could perform oral feeding [18]. However, no informa-
tion was given about how the diagnosis of UWS/VS was
made and if standardized behavioural assessments were
used. Indeed, repeated behavioural assessment is essential to
make a proper diagnosis. A recent study show that perform-
ing a single CRS-R assessment could lead to up to 35% of
misdiagnosed UWS/VS [19]. In our study, repeated clinical
assessments (n = 6) matched with the diagnosis of UWS/
VS in both patients according to actual behavioral diagno-
sis criteria. For patient 1, neuroimaging results are in line
with the UWS/VS diagnosis. However, atypical results were
observed for patient 2 (relative metabolic preservation of
frontal and occipital cortices, relatively preserved DTI and
theta activity but no spontaneous resting state fMRI net-
works). Given the dissociation between the behaviour and
the neuroimaging findings, patient 2 could be considered as
being in a functional locked-in [20, 21] or in a MCS* [22,
23], or even maybe in a state of cognitive motor dissocia-
tion [24]. However, advanced diagnostic techniques during a
swallowing task or by means of mental imagery tasks should
be performed to confirm this alternative diagnosis. Consid-
ering that the diagnosis of UWS/VS implies the absence
of any voluntary behaviour, the observation of functional
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swallowing in these two patients raises many questions and
reflexions.

As we described above, swallowing can either occurs
spontaneously (reflex swallowing) or be initiated voluntary
(for a review see [25]). Reflex swallowing is classically
described as an irrepressible swallowing movement occur-
ring despite the intention to avoid swallowing, without voli-
tional input for initiation [5] and without conscious control
[25]. Reflex swallowing is classically assessed with injection
of minute amounts of water directly into the pharynx [5]
or “naive” saliva swallow [7]. According to the classical
view of the initiation of reflex swallow, the oral phase is
bypassed. Reflex swallowing is observed as early as the 12th
gestational week, before the cortical and subcortical struc-
tures have totally developed [26]. It has also been reported
that swallowing can be observed in the human anencephalic
foetus [27, 28]. On the other hand, voluntary swallowing
corresponds to sequential eating or drinking voluntarily ini-
tiated or facilitated by the cerebral cortex [25]. Materials
in the mouth (food or saliva) and the cortical drive to the
tongue and the submental muscles are necessary for initia-
tion of voluntary swallowing [25]. In voluntary swallowing
studies, water or food was injected in the mouth without any
verbal instruction to swallow [7, 8] or subjects were cued to
swallow volitionally their saliva [5, 7].

As described in the introduction, the network of brain
regions activated during reflexive swallowing is different
from that observed during volitional swallowing [5-8, 29,
30]. In previous studies, voluntary and reflex swallow can
be differentiated in terms of state of awareness, wakefulness,
and to what extent the oral phase is involved [5-8, 25]. How-
ever, because swallowing was never studied in disorders of
consciousness (DOC) population, we actually do not know
what is sufficient to consider swallowing as conscious com-
pared to reflex swallowing in this population of patients. In
terms of the oral phase of the swallowing, are lip closure,
mastication, tongue manipulation and propulsion necessary
to consider swallowing a conscious action? This issue is
still debated and future studies are needed to define what is
a “conscious” swallowing and what is a reflex swallowing
in DOC patients. Given the retrospective character of this
study, we are not able to analyze precisely the efficacy of the
oral phase. However, we can make prediction by looking at
the food texture that these two patients received. The first
patient was able to swallow liquid and semi-liquid textures,
which does not necessarily imply a complex oral phase. On
the other hand, patient 2 received solid food and this type of
texture definitely implies some form of functional oral phase
to propel the food. We can then consider that the swallow-
ing of patient 2 probably reflects higher level of conscious
swallowing than the swallowing of patient 1. Interestingly,
these observations are in line with the atypical neuroimaging
results found in patient 2. Furthermore, given that voluntary
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swallowing is initiated or facilitated by the cerebral cortex,
we can suppose that the preservation of some cortical areas
(principally in the frontal cortex) in patient 2 can contribute
to better swallowing results. However, based on the current
neuroimaging results, we should be careful in saying that
swallowing is reflex or conscious. This precise information
can only be obtained with functional imaging performed
during swallowing.

The swallowing abilities of the patients with DOC should
be systematically assessed and compared among the differ-
ent states of consciousness. This is critical as misdiagnosis
can have serious medical and ethical consequences for the
patients and their family. Indeed, prognosis, treatment deci-
sions (particularly pain treatment) and medico-legal judge-
ments (especially end-of-life decision-making) are influ-
enced by the diagnosis [31, 32].

Neuropathological studies seem to indicate that a correla-
tion exists between the level of consciousness and swallow-
ing function: the higher the cognitive function, the better the
chance to achieve oral feeding [33-36]. Based on this, the
atypical brain activation observed in patient 2 in addition
to his capacity to perform full oral feeding should prompt
us to be more careful and rethink our initial clinical UWS/
VS diagnosis.

Finally, this case study emphasizes the importance of sys-
tematic observations of swallowing capacities in all patients
with altered consciousness. Indeed, as shown in our study,
even patients with no evident sign of consciousness can
sometimes demonstrate some functional swallowing. More
than 30 years ago, it was demonstrated that some assess-
ments (pre-feeding assessment and functional assessment)
could be performed in severe head-injured patients [34].
Since then, other studies showed that objective swallowing
assessments [realized with instrumental assessments such
as fiberoptic endoscopic exam (FEES) or videofluoroscopy
(VESS)] could be performed safely in patients regardless
their level of consciousness [37-39]. Brady et al. [38] con-
sidered that the decision to introduce oral food or liquid
in DOC patients should only be made after the completion
of an objective swallowing evaluation. We share Brady’s
opinion and we insist on the importance of the realization of
a systematic swallowing evaluation including instrumental
assessments of swallowing such as VFSS or FEES, as they
are the only reliable way to identify silent aspiration due to
poor cough reflex [40]. Combined to VFSS or FEES, swal-
lowing function clinical evaluation will give complementary
information on the pre-swallowing and swallowing abilities
[38, 39].

Clinicians working with DOC patients are also faced with
the challenge of providing meaningful therapy. Safety and
treatment efficacy of swallowing rehabilitation in patients
with DOC is still debated [33, 37, 38] (for a review see [41]).
Some clinicians advocate providing patients with a level 11
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(generalized responses/vegetative state) or III (localized
responses/minimally conscious) in Ranchos Los Amigos Scale
(RLAS [42]) with food/liquid presentations for taste stimula-
tion [33]. Other clinicians recommend no oral feedings until
the patient’s level of consciousness improves beyond level 111
in RLAS [34, 38, 43]. However, based on our observations, a
few patients who do not show conscious behaviour according
to the CRS-R can perform oral feeding even if the majority of
DOC patients are fed with enteral feeding. Thus, we believe
that the decision to introduce food or liquid should not rely
uniquely on the observation of conscious behaviour but rather
on performance observed during an objective swallowing
assessment.

Several limitations of the study should be taken into
account.

First, we have considered only patients who were known
to be fed at the moment of their admission for the one-week
multimodal assessment. This introduces a bias in our data
given that we might have missed patients who can potentially
be fed orally but who are not (due for example to the lack
of stimulation, fear of bronchoinhalation, etc.). However, we
think that this number of missed patients is probably low. In
our experience, almost all families try to reintroduce oral feed-
ing. Most of the time they are confronted to difficult situations
making it impossible. This is namely the hypercontraction of
masseter or bite reflex reducing considerably the chance of
oral feeding, the total absence of oro-facial reaction when try-
ing to put some food in the mouth, the absence of swallow-
ing reflex, etc. When these difficulties are not present, further
testing is usually undertaken and if judged safe, oral feeding
is pursued. Therefore, the number of patients that were not fed
at the moment of their admission but could have had full oral
feeding is probably very low. Second, as we described before,
it has been more informative if we had swallowing assess-
ment with standardized otorhinolaryngological techniques
for all UWS/VS patients. Further studies are needed to better
estimate rate and characteristics of swallowing in these DOC
patients. Finally, we cannot totally exclude that the absence of
response on resting state fMRI in our two patients is not due to
the administration of sedation during the scanning. However,
this was a light sedation (0.8 mg/mL) done mainly to improve
the patients’ comfort in the scanner. Moreover, a recent study
demonstrated that connectivity decreases due to propofol seda-
tion are relatively small compared to those already caused by
structural brain injury [44]. Another recent study also showed
that administration of sedation did not prevent some patients
with DOC to show fMRI responses during active imagery
tasks [45].

Conclusion

Oral feeding in UWS/VS patients is rare. We here presented
the case of two patients who could achieve oral feeding.
Although the diagnosis based on clinical behavioural assess-
ment suggests an UWS/VS, we found some atypical neuro-
imaging results in the second patient who performed full
oral feeding. Resuming full oral feeding may be related to
recovery of some brain functions, which probably lead to a
higher level of consciousness than UWS/VS. Full oral feed-
ing could thus potentially be considered as a sign of con-
sciousness. However, further studies will have to explore
more precisely if functional swallowing is really a sign of
consciousness and if this observation can be another key
element to determine the diagnosis. We suggest that only
the recovery of a full and complex oral phase (including
solid food) should be considered as a sign of consciousness.
Indeed, in some UWS/VS patients, the rare recovery of oral
feeding with liquid and semi-liquid textures could be due
to the presence of reflex swallowing rather than conscious
swallowing.

A systematic swallowing assessment should be performed
in all DOC patients regardless of their level of conscious-
ness. This will allow to better tract residual swallowing func-
tion in DOC patients and see if it can be related to the level
of consciousness. Various therapeutic techniques should be
assessed and therapeutical objectives/purposes should be
developed. Finally, we would like to emphasize that in these
two patients the presence of relatively preserved swallowing
function does not seem to predict good prognostic in terms
of functional outcomes given their long history of chronic
UWS/VS condition.
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