
SUMMARY
Anosognosia for hemiplegia is a multifaceted syndrome that has 
a detrimental impact on the patient. Various theories based on be-
havioural and neuroanatomical data have been proposed to explain
the mechanisms underlying the symptoms. These approaches
have resulted in the development of a number of different proce-
dures aimed at reducing symptoms or enhancing residual aware-
ness. The article reviews rehabilitation attempts and their effects
on individual cases and groups of patients. 
A selection of material was made using indexed articles published
between 1987 and 2019. The inclusion criteria were: i) the pres-
ence of a neuropsychological assessment and ii) the presence of
one or more methods specifically used to reduce AHP symptoms,
or to enhance residual forms of awareness.
The review indicates that intervention procedures have moved from
bottom-up to more cognitive and metacognitive approaches. In fact,
initially anosognosia for hemiplegia was considered to be a co-oc-
current symptom of other neuropsychological conditions (e.g. spa-
tial neglect) and interventions were borrowed from the rehabilitation
techniques that had had success in relieving these other disorders.
When anosognosia was identified as an independent syndrome
and residual forms of awareness were demonstrated, procedures
attempting to modulate awareness started to focus on specific com-
ponents of the disease, such as visual perspective, motor monitor-
ing and the updating of beliefs. 
Although further research is needed in this field, the most recent
approaches seem to give more stable, lasting results than earlier
methods. A timeline for interventions relating to anosognosia is sug-
gested, and ethical issues are also discussed.
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INTRODUCTION
Anosognosia is defined as the lack of or reduction in awareness in a patient

of his or her own disorder [1,2]. In the context of this paper, the disorder in ques-
tion is the paralysis of one side of the body (hemiplegia). Data on the prevalence
of anosognosia for hemiplegia (AHP) in right brain damaged (RBD) patients are
not consistent, ranging from 15% [3] to 54.1% [4]. A first reason for such a wide
variability depends on the method used to assess patients. Della Sala and col-
leagues5 found that the frequency of AHP in a group of left-brain damaged pa-
tients can range from 10% when assessed by means of a structured interview
[6] to 40% when the patients are asked to evaluate their ability to perform specific
bimanual tasks (e.g. VATAm [5]).This should not be surprising as there are dif-
ferent measures for the various different aspects of awareness. For example,
some studies have reported that patients who verbally admit their motor deficits
may then attempt bimanual tasks as if they can in fact use both hands [7,8,9] or
even attempt potentially dangerous tasks [10,11]. 

In contrast, Marcel and colleagues [7] reported on patients who verbally de-
nied their impairments but then adopted strategies to compensate for their hemi-
plegia in everyday tasks. Within this scenario, every attempt to establish the
frequency of AHP following a brain lesion needs to take into account the multi-
factorial aspects of this syndrome. The lesion onset/assessment interval is also
crucial to establish the prevalence of AHP, since it tends to attenuate or resolve
itself within a few weeks of the brain damage [12,13]. In a longitudinal study,
Vocat and colleagues [14] assessed evidence of AHP in 58 right-brain damaged
patients over 6 months. Three days after the lesion, 32% of the patients showed
anosognosia for their hemiplegia. This percentage decreased to 18% in the sec-
ond assessment, 7 days after the brain lesion, and it dropped to 5% in the 6-
month follow-up. This variability in awareness is further complicated by the fact
that motor impairment tends to improve, and patients are increasingly exposed
to information related to their impairment. 

Therefore, it remains unclear whether there has been a clear improvement in
the patient’s awareness or there are other factors which may mitigate the most
evident manifestations of an underlying lack of awareness [8,13]. Moreover, de-
spite the fact that spontaneous recovery is relatively frequent, patients who are
diagnosed with AHP tend to have a negative prognosis involving longer hospital
stays and a reduced likelihood of living independently after being discharged
[15,16], indicating a growing need to find ways to enhance awareness. Within
this complex scenario, theoretical interpretations of AHP are crucial to guide po-
tential interventions and it is therefore important to briefly consider some of the
theories on AHP that have had a major impact on rehabilitation methods.

Due to the frequent co-occurrence of disorders, AHP was initially considered
as a symptom associated with spatial neglect [17] or the consequence of other
cognitive deficits such as amnesia [18], or executive dysfunctions [19,20]. The
first neuroanatomical data seemed to support these hypotheses. Extensive cor-
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tical and subcortical fronto-parietal damage, encompassing areas underlying
other cognitive functions, was considered to be the most frequent anatomical-
correlate [4]. However, dissociations between AHP and these other disorders
have been described and as a result AHP then started to be considered as an
independent syndrome [21].

A theory was proposed suggesting that AHP may arise from the patient’s in-
ability to form motor intentions [22]. Nonetheless, in a study where muscular ac-
tivity was recorded during patients’ attempts to move paralysed upper limbs [23],
it was demonstrated that motor intention is spared in AHP patients. The hypoth-
esis was thus formed that AHP disorders involve the system relating to motor
monitoring rather than motor intention. This idea was supported by evidence of
a role played by the premotor cortex in the syndrome [24] and by further be-
havioural results [25,26,27,28]. However, this does not explain all of the symp-
toms of AHP, such as the inability to update delusional beliefs based on social
feedback or to recognise difficulties experienced in day to day activities. In ad-
dition, neuroanatomical studies show that cortical areas other than the premotor
cortex play a role, in particular the right insula [29]. For this reason, and due to
the fact that the insular cortex plays a crucial role in all subjective feelings and
bodily self-awareness, AHP has mainly come to be considered as a specific bod-
ily-self disorder [30]. 

A contribution on the part of emotional processes has also been considered
to be significant since the middle of the last century [31]. Weinstein and Kahn
[31,32] suggested that the lack of awareness is a subconscious repression which
is used as a defence mechanism by the patient in order to deal with the realisa-
tion of their new condition involving disability which can cause shock or depres-
sion. Alternatively, this lack of emotional reaction has been considered as a direct
consequence of damage to the right (frontal) hemisphere, regarded by some au-
thors as being specialised in the processing of negative withdrawal-related emo-
tions [33,34] or for emotion regulation [35,36,37].

At the end of the last century, it became clear that none of these theories
alone could explain the multifaceted, complex nature of AHP. A more complex
model was proposed by Vuilleumier (the ABC model [38]) in which the author
suggested that awareness relies on a set of neuropsychological functions medi-
ating three different processes: 
• Appreciation;
• Belief; 
• Check. 

Appreciation may be impaired a a result of sensory deafferentation and/or ne-
glect which would in effect prevent the patient from appreciating his/her deficits.
However, AHP only emerges when additional deficits in cognitive or affective
functions occur in association with the individual’s incapacity to Check and verify
the distorted experiential evidence and delusional interpretations. These pro-
cesses are necessary in order for patients’ beliefs concerning their paralysis to
bealtered [38]. The role played by AHP patients’resistance to updating their be-
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liefs concerning their own body and motor abilities has been discussed in the
most recent models concerning AHP [39,40,41]. This failure to update self-re-
ferred beliefs may be caused by a functional disconnection between the regions
processing top-down beliefs about the self and those processing bottom-up er-
rors regarding the current state of the body [34,42].

The multi-componential nature of AHP is supported ina recent anatomical
study on a large group of RBD patients [43]. The study used advanced structural
neuroimaging methods and identified three neural systems that contribute to
AHP when disconnected or directly damaged: the pre-motor network (for deficits
in monitoring motor signals and learning from action failures), the limbic system
(for alterations in emotional and memory processing and self-referential, intro-
spective states [44]) and the ventral attentional system (for deficits in appreciat-
ing the salience of stimuli referring to paralysis [45]).

Understanding the nature of this complex network may help us to understand
why AHP patients sometimes display partially differing symptoms and respond
in different ways to experimental modulations and interventions. 

The aim of this study is to review the literature on anosognosia focusing on
experimental and clinical procedures implemented over time with the aim of re-
ducing AHP symptoms. Procedures, methods and results will be discussed in
the light of explanatory reference theories relating to AHP and, when available,
neuroanatomical evidence.

Evidence acquisition

A selection of material was made from the indexed articles in the Science Di-
rect and Pubmed databases published between 1987 and 2019.  'Anosognosia
and rehabilitation' and ‘anosognosia and remission’were used as the key terms.
The search identified 952 potentially relevant articles. After the removal of dou-
bles and non-English literature, a selection based on the titles was made. Papers
regarding disorders other than stroke or other forms of anosognosia (e.g. anosog-
nosia in dementia and traumatic brain injury; anosognosia for apraxia; anosog-
nosia for memory impairment or behavioural disorders) were excluded. In this
way, 48 articles remained (Figure 1 for details). 

The following inclusion criteria were applied to these articles:
•    the presence of a neuropsychological assessment and
•   the presence of one or more methods specifically used to reduce AHP symp-

toms, or to enhance residual forms of awareness in at least one patient.
The exclusion criteria were: 

•    anosognosia for deficits other than hemiplegia; 
•    anosognosia in degenerative syndromes or in developmental disorders; 
•    theoretical papers 
•    descriptions of spontaneous recovery from the symptoms. In this way, a further

30 papers were excluded (Figure 1 for details) and  18 papers remained.
Finally, 6 cross-reference papers were added, thus a total of 24 papers (11 group

studies and 13 single case studies) were considered in the final review (Table 1). 
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Evidence synthesis

The 24 papers included in the final selection presented various rehabilitation/
modulation methods that were considered in detail and classified as:
•    neurophysiological stimulation;
•    neuromodulation techniques or 
•    cognitive and emotional interventions (see Table 2). 

Moro et al. Rehabilitation of anosognosia
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Figure 1. Timeline relating to the selection of papers. AHP = Anosognosia for Hemiplegia.
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Table 1. Studies on rehabilitation or the modulation of AHP. Data regarding the patients described
in the articles reviewed are reported, along with the interventions and main results. RBD = right
brain damaged patients; LBD = left brain damaged patients; AHP = anosognosic patients; HP =
hemiplegia; F = female; M = male; SD = standard deviation; VATAm = visual-analogue test for ano-
sognosia for motor impairment; TENS = transcutaneous electrical nerve stimulation; EEG = elec-
troencephalography; DSO = disturbed sensation of limb ownership; ECT = errand choice test
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Neurophysiological interventions
This category relates to those methods that trigger a low level, ‘bottom-up’

process, such as visual attention, multisensory integration or subconscious motor
processes. 

The first intervention which aimed to assist AHP patients was Vestibular Stim-
ulation (VS) [46,47,48,49,50]. This involved irrigating the left ear canal of the pa-
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tient with ice-cold water for a short period of time (see Table 1 for details). This
procedure causes a nystagmus to the left side, inducing gaze and head orienta-
tion towards the left affected limb. Mixed results were reported for this method,
with data indicating temporary benefits [46,47,48,49] and only rarely long-term
effects [46,50]. 

Prism Adaptation (PA) takes advantage of the effect of visuo-motor adaptation
(for a review [51,52]). In fact, exposure to prisms produces a lateral shift of the
visual field with the result that visual target appears in a displaced position. In
this way, when the patient is requested to perform a perceptual-motor movement
(i.e. pointing), the movement tends to shift towards the virtual position of the tar-
get. A progressive adaptation of movements ensures that errors rapidly decrease
until the participantseventually pointscorrectly towards the real target. The prisms
are thus removed, and the patient is requested to make further pointing gestures
in order to reinforce the sensory motor adaptation achieved. In AHP, PA has been
used in a study [53] that compared the effectiveness of three methods (PA, Op-
tokinetic stimulation and Transient Electrical stimulation) in 5 patients in the post-
acute phase. For the PA therapy, the participants were exposed to a 10° shift in
the visual field toward the contra-lesional side. The procedure required the pa-
tients to perform 30 pointing gestures towards visual targets in front of them while
wearing the prismatic goggles (for 20 minutes). 3 patients (2 LBD and 1 RBD)
im proved awareness after PA, but the effects were only temporary and did not
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Table 2. The various different approaches to the rehabilitation of Anosognosia for Hemiplegia. The
methods are grouped into categories that reflect the underlying techniques that were adopted in
terms of the how they approach the syndrome



last beyond the post-stimulation examination 48 hours later. Some years later,
the same research group [53] administered 10 sessions of PA to a patient who
was in a chronic phase(Table 1). In the assessments, 2 days after and 3 weeks
after the last session, the training seemed to have been efficacious in terms of
an amelioration of the neglect symptoms but there was no improvement in AHP
and anosognosia for hemianesthesia. 

Beschin and colleagues [53] also administered an Optokinetic Stimulation
(OKS) to their 5 patients. They were asked to look at a computer screen display-
ing a visual pattern. This was comprised of black and white vertical lines, moving
from right to left (for RBD) or left to right (for LBD) in order to obtain a slow phase
nystagmus towards the side relating to the paretic limbs. With the optokinetic re-
sponse still active, the patients were then asked to move their limbs, and tests
for AHPwere re-presented. Only one patient improved in terms of awareness,
but this improvement did not last more than 48 hours after the intervention. Fur-
thermore, it is noteworthy that this same patient responded to all of the treat-
ments administered. 

Finally, again in Beschin et al.’s [53] study, Transcutaneous Electrical Nerve
Stimulation (TENS) was applied to the 5 patients(details in Table I) on the con-
tra-lesional side of the neck below the occiput, lateral to the spine. Two LBD pa-
tients responded to this intervention showing a temporary improvement in both
AHP and spatial neglect.

Neuromodulation
Only one study was found that referred to the application of neuromodulation

to treat AHP. In this study [55], the effects of Transcranial Direct Current Stimu-
lation (tDCS) were investigated in a chronic RBD patient suffering from severe
AHP (see Table 1 for details). The patient was asked to judge his ability to per-
form unimanual finger-thumb opposition movements (e.g.touching the thumb
with the ring finger) in three conditions: 
•    without actually executing the movement; 
•    after having executed the movement with his eyes closed;
•    after having executed the movement with his eyes open. 

Before the tDCS intervention, the patient declared that he could perform and
had in factperformed the movements requested in all of the trials and in all three
conditions. After anodal tDCS over the right premotor cortex (Table 1 for details),
(but not after the sham stimulation), the patient showed an increase in aware re-
sponses. This only happened in the condition involving movement with the eyes
open, while in the other conditions, the number of responses indicating lack of
awareness did not change. The improvement, however, did not last beyond the
2-hour post-stimulation assessment.

Stimulation of residual forms of awareness
Research into the mechanisms underlying AHP has identified residual forms

of awareness. Although these studies usually do not focus directly on rehabilita-

Moro et al. Rehabilitation of anosognosia

241



tion, they are potentially useful for patient management, in particular in terms of
re-activation of daily life skills and the prevention of falls.

Implicit awareness has been reported in patients who, although they verbally
deny their motor impairment, show a pattern of behaviour indicating that they
acknowledge their paralysis on some non-verbal level of awareness [8]. Implicit
awareness was initially identified in the seminal studies done by Ramachandran
[49,56] who asked his patients to indicate which actions they would prefer to ex-
ecute, choosing between unimanual and bimanual actions. Some AHP patients
demonstrated residual spared implicit awareness by choosing unimanual ac-
tions. Similar dissociations have been found when comparisons were made be-
tween AHP patients’ responses in a clinical interview and their judgments
regarding their proficiency at executing bimanual and bipedal actions [6].

In a more recent study [11], 73 patients (30 LBD and 43 RBD) were asked to
judge the difficulty of a task (i.e. a test of implicit awareness) and directly estimate
their own motor impairment with regard to a second task (i.e. a test of explicit
awareness). Up to 27% of the initial sample performed differently with regard to
their original estimate in the two tasks, with 21% of them showing a lack of
awareness only for the explicit awareness task and 6% only for the implicit
awareness task (Table 1). Other studies carried out by Ramachandran [49,56]
useda similar method which required patients to reach and grasp a large tray
with glasses on it. For a hemiplegic person, the only way to execute this task is
by using the ipsilesional healthy hand to reach and grasp the tray in the middle
and this was considered an index of implicit awareness. This procedure was ex-
perimentally investigated in two subsequent studies [8,9]. Cocchini and col-
leagues [8] devised a specific task, the Bimanual Task (BMT), to assess implicit
awareness for upper limb deficits. The participants were asked to perform 8 sim-
ple everyday actions (e.g. holding a two-handled tray; placing toothpaste on 
a toothbrush). These tasks are usually better performed using both hands but,
with specific strategies, they can also be executed with only one hand (e.g. plac-
ing the unimpaired hand in the middle of the tray). However, in order to adopt
this functional strategy, patients need to have some knowledge of their motor
impairment. The patients’ responses were evaluated on the basis of the presence
of “aware strategies”. A similar approach was used by Moro and colleagues [9]
who asked patients to reach for and grasp 5 large objects and hold them in 
a horizontal position (e.g. a wooden rod ora basin). Given the nature of these
objects, grasping and holding them required the use of both hands or, in the case
of using one hand, grasping the centre of the object. Moreover, the fact that they
had been requested to hold them in a horizontal position along their longer axis
made it very unlikely that, under normal circumstances, the objects could be
grasped by their handles or edges. This task was carried out in three consecutive
steps that allowed for a direct comparison (in terms of explicit and implicit aware-
ness) between the responses for each action.

In a preliminary interview, the objects were shown to the patients who were
asked to state how many hands they would use to raise and hold them in a hor-
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izontal position. If, inspite of the paralysis, the patients declared that they would
use two hands (explicit anosognosia); the examiner then demonstrated the action
to the patients using both hands and subsequently; they were asked to actually
pick up the objects. The distance between the position of the patient’s non-plegic-
hand and the right-hand edge of the object was measured and recorded. 

Shifts in the grasp towards the midpoint of the object were measured (in mm)
using the position of the thumb and finger as a measure of implicit awareness.
In both studies, some patients showed both implicit and explicit anosognosia;
however, dissociations were also found (Table 1 for details). 

Nardone and colleagues [57] adopted a different approach to evaluate resid-
ual, implicit aspects of awareness. The authors used a Dot Probe task to inves-
tigate the hypothesis that attentional responses to visual targets are influenced
by the interference of primes (i.e. a word appearing before the target) associated
with the patients’ motor deficits (e.g. ‘walking’). While these primes facilitated the
responses of aware hemiplegic patients (i.e. with a reduction in response times),
an effect of interference was recorded in AHP patients who showed evidence of
increased latencies [57]. 

Similarly, a verbal inhibition task was administered to patients who were asked
to inhibit completing sentences with automatic responses and to provide non-
associated endings to the sentences [58]. Three typologies of sentences were
presented: neutral sentences (e.g. ‘A tow truck is often used to pull broken-down
cars off the...’); negative, non-deficit related sentences (e.g.‘ An ambulance is
often used to take people who have been assaulted to the...’); and deficit related
sentences (e.g. ‘A hoist is often used to lift paralysed patients off the...’). As in
the Hayling test (which the methodology was inspired by), the reaction times of
responses and errors were noted. Connected completions (i.e. if the response
was somehow associated with the initial sentence)were considered as errors
(i.e. lack of inhibition). Subsequently, both groups were also asked to explicit ra -
tings of the self-relevance of the same sentences, and this was considered as 
a measure of explicit awareness. 6 out of the 7 AHP patients in the study were
significantly slower than a control group of aware hemiplegic patients in perform-
ing the inhibition task with deficit-related sentences than with other emotionally
negative themes (relative to non-deficit-related themes). This occurred despite
their explicit denial of the self-relevance of the former sentences, indicating 
a dissociation between implicit and explicit awareness. 

Emergent awareness occurs when a patient becomes declaratively aware of
his/her deficits only when encouraged to perform, or attempt, an action with the
affected body part [59,9]. Before the first experimental investigations into emer-
gent awareness, clinical examinations had assessed this residual form of aware-
ness by asking patients to execute bimanual actions (e.g. washing their face,
putting on a pair of gloves) and recording the potential increase in awareness
[6]. However, a further specific investigation of the effects of action attempts on
awareness was carried out by Marcel and colleagues [7]. The authors asked
their patients to estimate their ability to perform unimanual/unipedal and biman-
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ual/bipedal actions (scale 0 = action impossible to 10 = without any problems)
and found that 24 out of 42 RBD patients (and only 1 out of 22 LBD patients)
overestimated their abilities. In a further three tasks (i.e. tying a knot, clapping hands,
shuffling cards), a second evaluation was obtained after RBD patients had at-
tempted the actions. The responses indicated a modulation of awareness in 
a subgroupof patients (Table 1). 

Moro et al. [9] used a similar task. The patients were asked to estimate their
proficiency at executing five bimanual actions (e.g. tying a knot, closing a mocha
coffee pot) and five unimanual actions (e.g. writing a word, brushing their teeth).
They were asked to judge their abilities before, during and after the attempt  to
actually perform each action. Three judgments were thus obtained for each ac-
tion: Scores: 
•    3 = correct judgment before the request to perform the action; 
•    2 = correct judgment only when subjects were about to start the action; 
•    1 = subjects became aware of their deficits after failure of the action; 
•    0 = the awareness of paralysis did not improve after the failed attempt to exe -

cute the action). 
Alterations to the patients’ judgments provided an index of emergent  aware-

ness. The results indicated that 3 out of the 12 AHP patients improved their
awareness during\ this procedure. It is noteworthy that these patients were not
those who had shown implicit awareness in the same study [9]. This demonstrated
a dissociation between implicit and emergent awareness. These data were then
confirmed in another study [10] in which16 hemiplegic patients (8 AHPand 8 non-
anosognosic) were asked to perform both potentially dangerous and neutral ac-
tions and judge their proficiency before, during and after attempting each action.
10 actions involved the full body (e.g. going downstairs; using a wheelchair) and
the other10 were only upper-body actions (e.g. cutting their nails with scissors;
using a ruler to draw a line). The results confirmed an increase in emergent
awareness in the anosognosic patients during the execution of both neutral and
dangerous actions (see below for the effects of emotional or dangerous actions).
Tasks involving an‘attempt to act’have also been used for rehabilitative purposes
in other studies. In an individual case study [60], the patient was periodically ex-
amined, starting from the acute phase of her illness until one year after the lesion
onset. AHP symptoms reduced with the recovery of her ability to move her left
index finger.

A specific rehabilitation program based on emergent awareness and the anal-
ysis of errors was administered to 4 AHP patients by Moro et al. [61]. They were
asked to execute specific actions, analyse their own strategies and errors and
discuss the reasons for their failures. In addition, emotional support was given
every time the patients appeared disappointed or frustrated. Pre-training, post-
training and follow-up assessments showed that motor awareness improved in
all 4 patients with long-term effects for 3 of them. However, the patients’ re-
sponses to the training were different. For patient 1, the training which focused
on unilateral, left hand actions was efficacious, but no effects were found for bi-
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manual and bipedal actions. In patient 2, the effects of the training generalised
to all types of actions. Patient 3 showed a significant emotional response: during
an attempt to turn on a light, the examiners expressly asked the patient to stop
the session as it appeared to be too stressful for him. The patient did not respond
but, after a moment of silence, he started to cry and said that the situation was
cruel, and that he felt as if he was sleeping. He also said: 

“Do you agree that it is easier for me to think that my hand is moving
and functioning rather than to admit it is not moving?”. 

This crisis seemed to have the effect of off loading some negative emotions:
in an informal conversation he admitted that all his motor deficits and awareness
deficits had persisted over time, accompanied by depression. Finally, patient 4’s
positive response to the programme was immediate. When he failed to execute
an action, he did not need to repeat similar actions since his judgment already
indicated that he had learnt that these were impossible for him. In the case of bi-
manual actions, he activated successful functional strategies that he employed
to deal with his disabilities. Thus, the same training programme activated a va-
riety of different reactions in the four patients, providing evidence that AHP may
be seen as a multifaceted, complex syndrome. 

Cognitive and emotional modulation
During psychotherapeutic sessions, transient awareness and depressive re-

actions were reported in patients when themes of loss were explored, in particu -
lar if this loss was seemingly unrelated to their disabilities [62,35,37]. An ap  proach
which aimed to understand what makes paralysis easier to accept was explored
by Ramachandran [63]. After a clinical interview with an AHP patient, the patient
was informed that they would inject his left arm with an anaesthetic as part of
the neurological exam. In reality, the syringe contained a saline solution that did
not have any effect on the motricity of the arm. The researcher also said that as
an effect of the injection, the arm would be temporary paralysed for some min-
utes. After the injection, the patient reported that his left arm “seemed to want to
do nothing” and was not moving. The same procedure administered to the right
arm did not deceive the patient. 

The potential effects of inducing emotional reactions was also used as a tech-
nique in a number of experimental studies investigating implicit and emergent
awareness [57,58,10] and was specifically investigated by Besharati and col-
leagues [64]. The aim of this latter study was to ascertain whether positive and
negative emotions influence motor awareness in AHP. The Hayling test was ad-
ministered in a two-part experiment. In part 1, the patients were requested to
complete a series of sentences with the last word missing from it, as fast as pos-
sible (e.g. “The rich child attended a private….” Expected response: school). In
part 2, they were asked to complete the sentences with a word that was completely
unconnected to the sentence (e.g. “London is a very busy…” potential response:
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banana). The emotional modulation was given by means of feedback that was
positive or negative. In the two emotional-feedback conditions, feedback was
provided in a standardised manner, using predefined sentences in pseudo-ran-
domised order (e.g. “Well done”, “Your answer was very quick”, “That is incorrect”,
“You are not doing well in this task”). Measures of awareness were taken before
and after the induction of emotional reactions. Only the negative emotion induc-
tion condition resulted in a significant improvement of motor awareness in AHP
patients as compared to the controls, while no effects were found with positive
emotion induction. 

Bodily illusions/ Changes in visual perspective
The fact that AHP represents a disorder of the bodily self is widely accepted

and various methodshave attemptedto manipulate body representations and in-
duce a recovery of awareness. Ramachandran [55] used his “Virtual Reality box”
device (previously used with amputees)with a patient suffering from AHP. A mirror
was placed vertically on a table in front of the patient, on a sagittal plane with re-
spect to the table and the patient’s chest. The mirror was concealed in a large
wooden box and the patient inserted both of her hands into circular apertures
cut into the side of the box so that her hands were positioned either side of the
mirror. The patient was then asked to look at the reflection of her right, healthy,
moving hand (that appeared now in the position of her left hand) and say what
she saw. She correctly reported the movements of the hand in the mirror. Then,
the procedure was repeated with her left, paralysed hand appearing in the mirror.
When the patient looked into the mirror, she saw a hand that looked perfectly
stationary. Nevertheless, when questioned, “she maintained that she could cle -
arly see the hand move up and down” ([56], p.33). Thus, the patient’s AHP symp-
toms had not changed.

However, the notion that self-observation may have a role in improving aware-
ness has been pursued by other authors who have investigated the possibility
that self-observation from an external, 3rd person perspective helps AHP patients
to recover some awareness. This hypothesis has also been supported by evi-
dence that some AHP patients, although incapable of estimating their own abil-
ities, are however correct in their responses when they are asked to evaluate
another person’s motor abilities [63,7,9].

In another study, a patient with severe AHP was presented with a video replay
in which she could see herself while she responded to questions from the Berti
Interview [6] regardingher motor abilities [65]. While watching the video, the pa-
tient spontaneously recognised her condition and, immediately after watching,
she admitted her paralysis, saying that she had not been realistic during the pre-
vious interview and that she knew now that she could not move her arm. The
following day the patient appeared to be still aware of her hemiplegia and re-
membered the experience with the mirror and her previous anosognosia. Inthe
subsequent examinations during four weeks of hospitalisation and in the 6-month
follow-up, she still appeared to be fully aware of her deficits. The patient in this
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study was in the acute phase after the lesion onset and this means that the pos-
sibility of a spontaneous recovery could not be excluded. For this reason, the
same group devised a second study [66] with a similar procedure involving two
patients in subacute and chronic phases. The results confirmed that video-based
self-observation has positive effects on awareness that are in some way specific. In
fact, the first patient attended multiple, successive sessions of video-based self-ob-
servation the target of which was related to awareness of upper limb paralysis and
subsequently lower limb paralysis. With consistent stimulation by means of this tech-
nique, the patient initially showed an increased awareness specifically of her upper
limb paralysis (the body part seen in the video), while her awareness of lower limb
deficits ameliorated only after seeing the video which related toleg paralysis. 

DISCUSSION
The analysis of literature carried out for this study indicates that systematic

rehabilitation of AHP is relatively scanty and recent, although there were some
firstattempts to modulate symptomsin the nineteen eighties. Furthermore, this
review revealed that the various techniques usedtend to reflect a number of dif-
ferent theoretical approaches. The first interventions that aimed to increase pa-
tients’ awareness were based on the idea that AHP was a secondary symptom of
other diseases (e.g. spatial neglect). A better understanding of the disorder led to
a modification of the approach to rehabilitation which became more specificin order
to account for the multifactorial nature of this syndrome.We summarized the differ-
ent methods in three general approaches: i) bottom up appro aches; ii) cognitive
and metacognitive approaches; self-observation and self-referred beliefs.

Bottom-up approaches
The first interventions involved Vestibular Stimulation (VS) [46,47,48,49]. This

was initially used with some success on patients suffering from spatial neglect
and, for this reason, its positive effects on AHP were interpreted as the result of
an activation of the spatial attentional system [46]. This was based on the idea
that spatial neglect and AHP were indeed part of a unitary syndrome [46]. In ad-
dition, a degree of recovery ofmotricity was also documented [47,48]. Thus, 
a hypothesis was advanced that VS activates the undamaged parts of a dis-
tributed system underlying multisensory integration and conscious representation
of egocentric space [47,48,50]. Only Ramachandran [49] disagreed:he sug-
gested the possibility that, although “highly speculative” in his words, VS might
“be a device for reviving repressed memory and for producing insights” (p. 330).

17 patients were treated with VS in the articles reviewed for the purposes of this
study (Table 2). In 13 cases, some amelioration of symptoms wasreported, but 12
of these were associated with recovery from neglect and in the case of the last one
[49], information concerning neglect was not reported. Unfortunately, a separate
evaluation of personal and extra-personal neglect was not carried out in the oldest
studies, but when specifically assessed [48,50], personal neglect always improve
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alongside the improvement in AHP. Thus, the possibility that VS acts on processes
that are not specific to awareness but are instead associated with multi sensory in-
tegration or body related spatial representation seems to be supported.

Further relevant data comes from observing the duration of the effects. In fact,
recovery after VS was only permanent in 2 out of the 17 patients, while in the other
11 cases it was only temporary. There were similar results in experiments using
other methods based on sensory-motor adaptation to peripherical stimulations
(PA and OKS) or electrical muscular stimulation (TENS). There are fewer patients
on whom these methods have been used as compared to VS (PA = 6, OKS = 5,
TENS = 5), but the results are subject to the same limitations: only 3 patients
improved awareness (3 with PA, including 2 LBD; 1 RBD with OKS and TENS)
and then only temporarily. Again, all of them (but 1 RBD in PA program) also
made improvements with regard to spatial neglect [53,54]. 

Taken as a whole, these results might be interpreted as being not very en-
couraging in that they indicate that methods which focus on bottom-up processes
are able, at most,to induce limited, short-term effects in terms of the recovery of
awareness. 

A similar consideration may be made for neuromodulation induced by means
of tDCS that,to the best of our knowledge, has only been applied to one patient
[55]. In this case, the improvement was specific to AHP but again, unfortunately,
only temporary. 

To date, there have been no attempts to combine bottom-up stimulation with
specific cognitive rehabilitation. However, this integration might be effective since
it contributes towards post-lesional plasticity processes due to an association
between the activation of the neural networks directly involved in performing 
a task (or recruited in order to compensate for the damage to the networks pre-
viously assigned to this task) and the less specific, widespread neuromodulation
induced by tDCS [67,68]. 

Cognitive and metacognitive approaches
Another technique that in our opinion deserves to be tested involves a com-

bination of neuromodulation and the assignation of tasks aimed at detecting
residual skills, such as those used in cases of implicit and emergent awareness.
Dissociations between implicit and emergent awareness have been demon-
strated in studies relating to behaviour and neuroanatomy. In fact, while deficits
in implicit awareness are associated with the subcortical frontal white matter an-
terior to and around the basal ganglia [58,9], the sites which are significantly as-
sociated witha lack of emergent awareness involve the antero-posterior tracts ofwhite
matter which bidirectionallyc onnect the parietal cortex and the precuneus [9].

In about 50% of AHP patients assessed for implicit awareness (20/39, not in-
cluding [11]; see Table 2), this form of awareness was spared. This may be cru-
cial for patient management, as patients who on some implicit level know that
they are paralysed will not try to do anything dangerous (e.g. getting out of 
a wheelchair) and will ask for help when they find they are not able to do some-
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thing. This reduces the risk of falls and accidents with potential secondary dam-
age. Nevertheless, the possibility of enhancing this residual capacity by means
of specific programmes is yet to be explored. 

A first attemptto do something of this nature was carried out in order to en-
hance emergent awareness by means of error-based and metacognitive training
[69]. The mechanisms underlying emergent awareness have not been clear until
now, but we hypothesise that the efficacy of this type of training is due to an in-
tegration of various different processes, such as cognitive and metacognitive
processes (necessary for intention, monitoring and the evaluation of perfor-
mance) and executive processes (related to action planning and execution). Fur-
thermore, self-referred beliefs and emotional factors are probably also involved,
as demonstrated by patient n. 3 in the study done by Moro and colleagues [61].
There is also evidence for this in experiments showing the effects induced when
subjects are requested to execute potentially dangerous actions [10]. A common
element in patients with emergent awareness is the ability to learn from attempts
to act and thus from errors. For this reason, among the theories put forward to
explain AHP, the one that best explains emergent awareness and the efficacy of
error-based programmes is the theory of beliefs updating [38,40]. When patients
are requested to carefully observe their attempts to perform an action, they be-
come able to “Appreciate” their own deficits and “Check” the results of their perfor-
mance. Furthermore, analysing and discussing the reasons for failure helps them
to rethink their previous “Beliefs” concerning their own motor functions [40,41].

Self-observation and self-referred beliefs
Self-observation probably impacts on AHP by means of various processes.

The Virtual Reality box (or Mirror box therapy) is extremely efficacious in some
clinical conditions, such as phantom limb pain in amputees and motor deficits in
post-stroke patients [70]. The method is also effective in cognitive disorders such
as body metric disorders [70] and the anarchic hand [72,69]. However, in the only
case of an AHP patient reported in literature concerning this device, this mani -
pulation technique did not induce any modulation of the symptoms [56].

Having said that, all 3 of the AHP patients who participated in video sessions
in which they watched themselves during a standard examination improved
awareness [65,66]. The authors of  these studies speculate that the recovery
was mediated by the fact that self-observation was executed in a 3rd person per-
spective, and in “off-line”conditions, namely, at a point in time subsequent to their
actual attempt to execute a movement. This combination probably reduces any
confounding effect associated with motor planning and helps the patient to up-
date his/her self-referred beliefs and thereby recognise deficits.

Finally, this review of the literature confirmed that emotions do in fact play 
a important role in AHP. A modulation of symptoms occurs when negative emo-
tions are induced by dangerous situations [10] or negative feedback is given [64].
The use of psychotherapy in cases in which denial is used as a defensive mecha -
nism for coping has also been recommended [62,35,37,73]. 
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CONCLUSIONS 
The research reviewed in this article provides a number of relevant indications

regarding the rehabilitation of AHP. 
First indication which appears that AHP is indeed a specific syndrome, inde-

pendent  from other cognitive disorders such as spatial neglect or somatosensory
deficits. However, it is also true that the co-occurrence of these other deficits
may impact awareness and thus rehabilitation needs to take into account the
patient’s whole cognitive profile and also intervene to deal with concomitant
symptoms [73,74]. 

The second indication regards assessment of the condition. A growing body
of evidence suggests that AHP following lesions of the left hemisphere may be
less sporadic than previously thought [75,76,77,78,11] and AHP in LBD patients
may be underestimated due to certain methodological aspects of the assessment
procedure [79]. 

Therefore, due to the multi-faceted nature of AHP, it is clear that comprehen-
sive assessments which also include emotional and motivational components
should be made [80]. If this is done, the clinician will be able to identify the mod-
ulation and rehabilitation techniques which are the most suitablefor his/her pa-
tient, either used alone or in tandem with other procedures. Finally, intervention
programmes need to be constantly monitored in order to distinguish between
temporary and permanent effects, and follow-up assessments should be car-
ried-out (Figure 2). 

While there was no indication of a close relationship between lack of aware-
ness and depression in some studies [18], others have suggested a number of
different ways in which these two syndromes may be linked [81]. Therefore, an
ethical issue may arise regarding any decisions relating to whether awareness
is necessary and useful for the patient or whether the recovery of awareness
would only constitute a needless source of suffering. Some anosognosic patients
suffer from severe motor deficits and the prognosis concerning their chances of
recovery is very negative. In these cases, and when there is no possibility of any
degree of recovery of autonomy, it is perhaps advisable to consider whether it is
in effect ethical to induce the depressive reactions which may be associated with-
the awareness ofdeficits that are permanent. With regard to this dilemma, how-
ever, it is also necessary to take into account what the term “recovery” in fact
means, as in some situations, even minimal recovery (such as, for example, mini -
mal cooperation in postural transfers) may make a difference in terms of patient
management, depending on whether he/she is going home or going into a nurs-
ing home. For this reason, any decisions regarding interventions should be taken
after an in-depth examination of the patient.

Despite the fact that the literature review was extensive, we only managed to
identify a relatively limited number of studies that directly investigated AHP re-
habilitation. As such, our final considerations are based on limited evidence. 
A second limitation, probably linked to the previous consideration, lies in the
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speculative nature of at least some of the techniques discussed as these derive
from experimental studies which were not directly aimed at rehabilitation. In these
cases, the efficacy of the techniques is not proven in terms of a structured course
of rehabilitation and post-intervention and follow-up assessments. Finally, the
data regarding AHP in LBD and the rehabilitation programme for these patients
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Figure 2.
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are limited as at the moment there is still very little research on awareness in
LBD. Despite these limitations, we consider that the results of this study will be
useful for devising further, controlled studies on AHP rehabilitation and for clini-
cians working with stroke patients who exhibit a lack of awareness. 
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