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1. Abstract

Anosognosia for hemiplegia (AHP) poses a significant challenge in neurological
research and rehabilitation due to its heterogeneous and complex nature. Although it
predominantly manifests in patients with right hemispheric lesions, cases of patients
with AHP and left hemispheric lesions have been reported in the past. However, less
is known about the underlying processes or differences in manifestation. This review
aims to investigate the occurrence of AHP in patients with left hemispheric lesions,
exploring whether these cases are truly rare or if current diagnostic tools often miss
them, particularly by excluding aphasic patients. A total of eleven studies, including
44 stroke patients with AHP, were analysed in this systematic review to explore the
difference in pathology of AHP caused by unilateral left hemispheric lesions
compared to right hemispheric lesioned patients. The results reveal that only a
minority of studies with left hemispheric lesions with AHP exist. However, they also
highlight that the current measures often fail to include aphasic patients or extend
beyond the assessment of explicit anosognosia. As a result, many cases of AHP
related to left hemispheric lesions are overlooked. Furthermore, the results hint at a
potential role of reversed hemispheric lateralization in causing AHP, as suggested by
several studies, providing a possible explanation and highlighting the need for further
investigation. The findings underscore the need for wupdated diagnostic
methodologies that incorporate implicit and integrative measures alongside
traditional clinical interviews to provide a more nuanced assessment of awareness

deficits and to discover further cases of AHP in left hemispheric lesioned patients.

Keywords: Anosognosia for Hemiplegia; Left Hemisphere; Stroke; Systematic

Review



Comprehensive Evaluation of Anosognosia for Hemiplegia and the Role of the

Left Hemisphere

2. Introduction

In the complex world of neurological conditions, anosognosia for hemiplegia
(AHP) is both an intriguing and perplexing phenomenon. A patient, confronted with
the reality of their paralyzed limb, frequently denies their functional impairment,
dismissing it with a remark like "I'm not Superman!" (Welman, 1969) after being
requested to lift his arm or replying “I am not in the theatre.” (Berti et al., 1998) to a
request to clap their hands. This curious interplay between perception and reality
captures the essence of AHP, a condition where individuals are blissfully unaware of

their paralysis, creating a dilemma for both patients and clinicians alike.

While seemingly bizarre, AHP holds profound implications for our
understanding of the human mind and the complexity of brain function. Beyond its
intriguing expression, studying AHP wunveils critical insights into the neural
mechanisms underlying self-awareness and body representation. In attempting to
comprehend AHP, researchers have to dissect the complexities of brain functions

regarding neural correlates and cognitive processing of underlying motor awareness.

Moreover, the clinical implications of AHP are significant, affecting patient
care and rehabilitation strategies directly. Understanding why some individuals fail to
recognize their own paralysis is not merely an academic pursuit. The importance of
studying AHP extends discoveries of underlying neurological functions and entails
essential implications for rehabilitation and improving the quality of life for those
affected by this neurological disorder. Due to the lack of awareness of their deficits,

individuals with AHP face significant challenges during acute and post-rehabilitation



phases, such as decreased motivation or active resistance to engaging in
rehabilitation programs (Fleming et al., 1998; Katz et al., 2002). Consequently,
rehabilitation outcomes often fall short of expectations (Gialanella et al., 2005;
Ownsworth & Clare, 2006; Winkens et al., 2013). Moreover, the compensatory
strategies learned may not be consistently applied afterwards (Ownsworth et al.,
2000), raising concerns about safety in daily activities in autonomous living, and

adding to the burden on caregivers (Mograbi & Morris, 2013; Orfei et al., 2007).

While AHP was long assumed to be a disorder connected to the right
hemisphere (Antoniello & Gottesman, 2020), recent insight and literature suggest
that AHP seems to go undiagnosed or underestimated in patients with aphasic
features, frequently occurring with left hemispheric lesions (Coccini et al., 2012;
Della Sala et al., 2009). The role of the left hemisphere is vague and often
overshadowed by the predominant findings and focus of AHP with right hemisphere
lesions. Despite potential occurrence, these patients are frequently marginalised due
to co-occurring aphasia, and difficulties to assess. Therefore the present systematic
review focuses on literature to investigate the notable gap of underrepresentation of
AHP cases stemming from left hemisphere damage and whether this gap is justified,
or needs more attention in clinical practice. This is essential to determine whether
the research gap on left hemispheric patients needs more attention to enhance
neurological insights, improve rehabilitation strategies, and ensure potential AHP in

these patients is not neglected.

To delve deeper into this topic, comprehensive research is necessary to
analyse our current understanding of how AHP manifests, how it is assessed, its

anatomical correlates, related theories, and findings of distinct expression between



different hemispheric lesions. With this foundation, a systematic review will explore
the current findings of patients with AHP and left hemispheric lesions, and determine

if left hemisphere lesions correlate with these findings.

This review underscores the importance of recognizing that studying AHP is
not just a matter of intellectual curiosity but a crucial necessity that requires
immediate attention. By delving into the complexities of AHP and examining its
differences between hemispheres, this review aims to uncover possible interesting
discoveries between left hemisphere lesions and AHP over the last few years. These
findings could offer valuable insights for improving assessment, intervention,
neuro-anatomical insight, novel research approaches, and rehabilitation practices in

clinical settings.

2.1 Overview of the Review Structure

In this systematic review, a comprehensive exploration of the pathology,
assessment, underlying theories of motor awareness and AHP, and neural correlates
of AHP are displayed, with a distinct focus on hemispheric pathology differences,
particularly emphasising recent findings of AHP in the left hemisphere. The journey
through this review is structured to provide a holistic understanding of AHP. Starting
with AHP manifestations in individuals, shedding light on its nuanced clinical
presentations and the challenges it poses for accurate diagnosis and management
due to its heterogeneous expression. Following the diverse assessment methods
employed in clinical and research settings, highlighting their respective strengths and
limitations. Furthermore, models of motor awareness are introduced, to lay the basis
for the differing underlying theories that attempt to explain the perplexing

phenomenon of AHP. Moreover, anatomical correlations implicated in AHP, seek to



unveil the neural underpinnings that contribute to its manifestation, followed by
findings of distinct expression of AHP regarding differing hemispheric lesion location
will be assessed. The systematic review of the last 50 years findings on AHP
associated with the left hemisphere will be analysed and evaluated, ending in a
discussion about noticeable manifestations of AHP in the left hemisphere, limitations
with assessment, underlying theories of those findings, and analyzation of the

anatomical correlations observed in these studies.

Through this systematic review, the review aims to uncover the complex
neural mechanisms behind AHP while also advocating for a more inclusive approach
that considers the diverse clinical presentations of this condition, thereby fostering a

deeper understanding.

3. Anosognosia for Hemiplegia (AHP)

Anosognosia, the lack of awareness or denial of one's medical or
psychological condition, poses a unique challenge to understanding self-awareness
and the complexities of the human mind. The earliest documentations of
anosognosia were found around the end of the 19th century (Markova & Berrios,
2014). Joseph Babinski introduced the term by assembling the Greek words
"a"—without, "nosos"-iliness, "gnosis"-knowledge to describe the neuropsychological
phenomenon of patients lacking awareness or insight of their personal disability or
disorder (Babinski, 1914). While the concept of AHP has been present in scientific
literature for over 100 years, our comprehension of the phenomenon is evolving, and
plenty remains unknown. Anosognosia manifests through various symptoms,
impacting behavioural, cognitive, motor, and sensory domains (Mograbi & Morris,

2018). Severity can vary and impact the patient's activities of daily living,



interpersonal relations, personality, and quality of life in various ways. Both cognitive
mechanisms and emotional processing play an essential role in anosognosia,
altering the awareness of the impairment and its consequences (Gainotti, 2018).
This occurs through denial or minimization of the patient's behavioural, cognitive,
and functional alterations related to their injury or neurodegenerative disease.

The occurrence of AHP is characterised by a lack of awareness or denial of
one's own hemiplegia or hemiparesis. Overall, the severity of hemiplegia is higher in
patients with anosognosia compared to those with hemiplegia without anosognosia
(Appelros et al., 2007). This condition leads to severe consequences, including
difficulties with dressing, eating, walking, and recovery progress, evident to
caregivers but not the patient (Gialanella et al., 2005; Di Legge et al., 2005; Orfei et
al., 2009).

AHP is a heterogeneous, complex, and multifaceted neurological
phenomenon. It is characterised as a transient disorder (Antoniello & Gottesman,
2020; Vocat et al., 2010), typically arising after sudden onset of a moderate to severe
traumatic brain injury (TBI), stroke, tumour, or in co-occurrence with
neurodegenerative diseases such as dementia or Parkinson's Disease (Orfei et al.,
2009, 2018; Prigatano, 2012; Steward & Kretzmer, 2022; Tagai et al., 2020). The
presence of anosognosia is frequently viewed as a negative prognostic factor for
achieving a positive functional outcome following an injury (Gialanella et al., 2006).

Typically, the lesion is located in the right hemisphere (Antoniello &
Gottesman, 2020), leading to a lack of awareness regarding the hemiplegia or
weakness on the left body side. However, recent studies also investigate the

presence of AHP in patients with bilateral and left-hemispheric damage (Cocchini et



al., 2009) to determine whether left-hemispheric lesions cause AHP less frequently
or are less frequently discovered during assessment.

In the hyperacute phase after a stroke, AHP appears to be most robust.
Spontaneous recovery can follow within a few days to weeks, with AHP usually
becoming less frequent after the first month after stroke onset (Antoniello &
Gottesman, 2020; Gialanella & Mattioli, 1992). Only a minority of patients develop
AHP chronically (Orfei et al., 2009; Prigatano, 1999). There seems to be no
association between age, educational level, gender and AHP, as it appears equally
in all groups (Pia et al., 2004). Due to difficulties in the assessment and
differentiation of AHP phases, prevalence remains uncertain and varies between
studies. Estimated prevalence for AHP varies between 20% and 44% of the patient
population (Pia et al., 2004). Epidemiological estimates of incidence rates after brain
damage range between 7% and 77% (Jehkonen et al., 2006; Orfei et al., 2007), of
probable Alzheimer's disease from 20% to 80% (Agnew & Morris, 1998), and
20%-30% after a stroke (Byrd et al., 2020; Pedersen et al., 1996).

In the upcoming subchapters, we will explore the clinical manifestation,
assessment, motor awareness, underlying theories, and anatomical correlation of
AHP to enhance understanding and insight into its pathology. This overview reflects
our current knowledge up to the present day, emphasising the importance of
comprehending AHP in further investigating its potential occurrence in
left-hemisphere lesions.

3.1 Clinical Manifestation of AHP

Studies by various researchers (Cocchini et al., 2010, 2018; Fotopoulou et al.,

2010; Marcel et al., 2004; Moro et al., 2011; Nardone et al., 2007; Preston et al.,

2010; Prigatano, 2014) consistently reveal that anosognosia manifests in different



domains and contexts. The severity of deficits can vary in affective, cognitive,
behavioural, motor, sensory, and perceptual functioning. The patient's awareness of
their motor impairment can be observed explicitly or implicitly (Fotopoulou et al.,
2010; Moro et al., 2021). Different levels of awareness may coexist or differ within
the same patient and fluctuate over time (Moro et al., 2021). Capturing patients' full
level of awareness is challenging due to discrepancies, inconsistencies, and
variations in responses regarding their motor ability (Coccini et al., 2012). Awareness
levels (Pacella et al., 2019) can range from differences within anticipatory awareness
from "are you able to reach the table with your left hand?" (Moro et al., 2015) to
general awareness as "why are you in the hospital?" (Besharati et al., 2016), and
mentalization "the doctors think there is some paralysis, do you agree?" (Besharati
et al., 2016; Feinberg, 2000). Awareness of AHP can also manifest as
modality-specific (Bottini et al., 2018; Cocchini et al., 2012; Orfei et al., 2009).
Modality specificity is defined by the unawareness of specific aspects of a patient's
situation. Dissociation can be displayed in the expression of explicit and implicit
acknowledgement of symptoms within the patient (Cocchini et al., 2010; Mograbi &
Morris, 2013). For example, a patient can be aware of their cognitive deficit but
neglect their sensorimotor deficit (Bach & David, 2006) or, as stated above,
acknowledge their impairment but neglect the consequences. Others acknowledge
their hemiplegia (HP), but not their aphasia, or vice versa (Breier et al., 1995;
Kinsbourne & Warrington, 1963). These dissociations can extend to the point where
patients with AHP may acknowledge the motor impairment of one leg but deny the
inability to move their arm or vice versa (Berti et al., 1996; Della Sala et al., 2009;

Moro et al., 2011).
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Explicit unawareness is more easily recognized and directly explored by
asking patients to verbally declare whether they can move, while implicit awareness
is typically indirectly inferred based on behavioural observations (Fotopoulou et al.,
2010; Moro et al., 2011; Moro et al., 2021; Schacter, 1990). The most frequently
observed symptom in AHP regarding explicit awareness is the denial of motor
impairment (Fotopoulou et al., 2010; Marcel et al., 2004; Moro et al., 2011; Vocat &
Vuilleumier, 2010). Approximately one-third of patients with AHP deny their motor
impairment in both the acute and chronic phases (Pia et al., 2004). The robust
resistance to awareness or motivated denial can be referred to as "organic
repression" (Schilder, 1935). In the context of denial, patients tend to underestimate
the implications or overestimate their abilities relative to their current situation
(Langer & Bogousslavsky, 2020; Marcel et al., 2004). Behavioural denial can be
distinguished from anosognosia as an independent reaction, attributed to adaptation
or maladaptation to subjective distress (Ghika-Schmid & Bogousslavsky, 1997;
Goldbeck, 1997). Anosognosia, on the other hand, involves a fundamental lack of
awareness of one's condition.

Disturbances of mentalization can be explicitly expressed (Moro et al., 2021).
Various expressions and responses are observed when patients are asked to move
their paralyzed limb. Such expressions include denial, lack of insight, or
confabulations (Langer & Bogousslavsky, 2020). Patients may respond in various
ways when movement is expected: by moving the opposite arm (allochiria), by
refusing to move, by confabulating reasons for their inability to move, or by
remaining silent (Antoniello & Gottesman, 2020; Feinberg et al., 2000; Marcel et al.,
2004). Moreover, patients with AHP tend to verbally overestimate their motor ability

when making judgments about them (Besharati et al., 2022), and often engage in
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rationalisation by providing explanations unrelated to their motor abilities (Langer &
Bogousslavsky, 2020). They often make causal attributions, underestimating the
consequences and severity of their incident and attributing the inability to move to
unrelated factors such as back pain, fatigue, diabetes, mood or laziness (Levine,
1990; Langer & Bogousslavsky, 2020; Orfei et al., 2009), as excuses to comprehend
their situation. Although some patients may express awareness of their stroke or
TBI, they often have unrealistic expectations of recovery and are unaware of the
functional implications of daily living related to dressing or eating (Orfei et al., 2009).
Consequently, these patients are more challenging to rehabilitate due to their lack of
insight into the effect of AHP on their life (Fischer et al., 2004). Interestingly, even
those patients who admit, and are aware of their HP, still tell the examiner they had
moved their paralyzed limb when requested to move (Antoniello & Gottesman,
2020), hinting at patients' complexity of awareness. Some patients can exhibit
emergent awareness after recognizing their failure to perform an action despite prior
beliefs (Berti et al., 1996; Cocchini et al., 2009; D’Imperio et al., 2017; Marcel et al.,
2004; Moro et al., 2011; Moro, 2013). This emergent awareness was identified as
being frequently temporarily limited (Marcel et al., 2004). Due to temporarily limited
insight, it was suggested that patients with AHP exhibit a deficit in updating their
beliefs even when confronted with evidence of impaired daily living activities or
receiving medical, and social feedback (Besharati et al., 2016; Kirsch et al., 2021;
Vocat et al., 2013). Patients with AHP do not seem to have a general problem in
reasoning but require more time and repeated errors to modify their beliefs (Vocat et
al., 2013). They often exhibit an unusual pattern of excessive confidence and low
error recognition compared to healthy individuals or those with HP. Confronted with

new information about their motor impairment, individuals with AHP persist in their
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initial incorrect beliefs rather than adapting and modifying their beliefs with incoming
information. They tend to repeat and persist in their erroneous responses more
frequently before eventually considering a modification (Vocat et al., 2013). This
tendency to be overconfident and persistent in current beliefs is not associated with
a more general impairment in executive functions, vigilance, spatial attention, or
memory (Marcel et al., 2004; Vocat et al., 2013).

Next to challenges in belief-updating, other manifestations of explicit
awareness in AHP include delusional features. The delusional aspects of
anosognosia are best understood as a failure to recognize the significance or
relevance of sensorimotor errors. This failure to acknowledge context-specific errors
results in a disconnection with more abstract and context-independent beliefs about
the self, which hold broader applicability across various times and spaces (Kirsch et
al., 2021). Additional delusions occasionally observed in AHP include patients
describing movements that did not occur, categorised as having a confabulatory
nature or termed ‘illusionary movement' (Feinberg et al., 2000; Fotopoulou et al.,
2008).

Other expressions as implicit knowledge can be evident in their behaviour,
challenges in taking allocentric perspectives, intention of motor control, spatial
cognition, and conducting reality monitoring beyond the motor domain (Besharati et
al., 2016; Jenkinson & Fotopoulou, 2010; Pacella et al., 2019; Vocat et al., 2013). In
contrast to explicitly stated awareness, implicit awareness is often observed by
inconsistencies between a patient's nonverbal neurological signs, such as behaviour
or subtle verbal statements. It can emerge through behavioural tasks or implicitly in
conversation (Marcel et al., 2004; Moro et al., 2021). For instance, patients may

assert full functionality, but further conversation reveals side sentences that hint at
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their inability to move or mention their eagerness to resume activities requiring the
use of both hands in the future (Coccini et al., 2012). Alternatively, a patient may
acknowledge their hemiplegia and express explicit awareness but attempt to act as
they did before the motor impairment, indicating behavioural implicit unawareness
(Cocchini et al., 2010; Moro et al., 2021). The inability to perform a specific action
while believing they can, indicates anticipatory unawareness (Cocchini et al., 2018;
D’Imperio et al., 2017; Marcel et al., 2004; Moro et al., 2021). Such situations are
observed where patients in a wheelchair claim no weakness in their limbs but refuse
to stand up and walk when requested (Orfei et al., 2009). Other evidence for implicit
awareness is observed in other studies of anosognosic patients identifying in picture
tasks patients in a wheelchair most similar to them (House & Hodges, 1988).
Similarly, when patients were asked about their ability to perform bimanual or bipedal
tasks, followed by inquiring how someone with the same condition as the patient
would perform those tasks, anosognosic patients rated the ability of others
significantly lower compared to their own (Berti et al., 1996; Marcel et al., 2004).
Therefore, it is suggested that patients with AHP appear to exhibit a deficit in
higher-order mentalizing tasks, such as allocentric and third-person-perspective
taking (Besharati et al., 2022). These deficits seem to correlate with the degree of
clinical anosognosia. The more severe the deficit in third-person-perspective, the
greater the clinical anosognosia for first-person-perspective (Besharati et al., 2016).
Additionally, AHP patients seem to have improved insight into their condition when
asked from a third-person perspective compared to a first-person perspective
(Besharati et al., 2022). They are also able to recognize physical impairment in other

patients with AHP (House & Hodges, 1988).
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Other observed instances suggesting implicit knowledge of their bodily status
can be seen in examinations where the patient is asked to touch the examiner's
hand with their left paralyzed arm. The patient fulfils the task by pulling their left
hemiplegic hand with their right functional hand to touch the examiner's hand
(Antoniello & Gottesman, 2020). Despite refusing to accept that their limb is
paralyzed, the patient accomplishes the examiner's request in a strategic way,
indicating some underlying awareness of the bodily state. These situations suggest a
somewhat unconscious awareness of the state of motor control. Further implicit
awareness tasks were tested by displaying words related and unrelated to motor
tasks, showing that anosognosic patients have slower reaction times related to motor
tasks, like "walking," compared to aware patients (Fotopoulou et al., 2010; Nardone
et al., 2007). This was also observed in inhibition tasks with deficit-related sentences
(Fotopoulou et al., 2010; Nardone et al., 2007).

Along with explicit and implicit awareness, the manifestation of AHP also
involves discussions about cognitive, emotional, executive, and proprioceptive
functionality. Cognitive impairment is considered a sub-component in studies, and
presents an ongoing discussion about whether it worsens the condition or
accompanies AHP (Orfei et al., 2009). Previous studies have shown no strong
correlation between pre-existing and present intellectual functioning and the extent of
self-awareness (Bach & David, 2006). Consistent with these findings, patients with
AHP often exhibit relative intellectual preservation (Berti et al., 1995; Langer &
Bogousslavsky, 2020; Marcel et al., 2004; Starkstein et al., 1992; Vocat et al., 2013)
and cognitive impairment was suggested to be separate from AHP (Berti et al., 1996;
Bisiach et al., 1986; Spinazzola et al., 2008). Previous recorded data on mental

deterioration indicated that 50% of patients with AHP had general cognitive
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conditions within the standard range (Pia et al., 2004). Other studies identified
increased anosognosia and chronic AHP with general or increased cognitive
impairment (Goldberg & Barr, 1991; Levine, et al., 1991; McGlynn & Schacter, 1989;
Orfei et al., 2018; Vocat et al., 2010). According to other studies, mental impairment
can vary greatly between patients, ranging from very intelligent and mentally
preserved to below cut-off scores (Berti et al., 1995; Marcel et al., 2004). In
numerous case studies, individuals are portrayed as functional in terms of
conversation, interaction, and intellectual abilities, with distinctive and unusual
reactions observed only when discussing their hemiplegia (Markova & Berrios,
2014).

Emotional regulation plays an intriguing role in the manifestation of AHP.
Adverse reactions can be observed, with patients displaying resentful attitudes
toward their motor impairment and defensive reactions (Moro et al.,, 2021).
Conversely, they can exhibit anosodiaphoria, a lack of interest or concern (Babinski,
1914; Langer & Bogousslavsky, 2020; Gainotti, 2012). Earlier studies suggested that
depression is not influenced by AHP (Starkstein et al., 1992). However, recent
studies contradict these findings and provide evidence that patients with AHP exhibit
a negative correlation with depression (Besharati et al., 2014), and anxiety compared
to HP patients, who were found to be significantly more depressed (Besharati et al.,
2022; Fotopoulou et al., 2008). Reduced anosognosia was observed to be related to
elevated depression and lowered hedonic tone (Orfei et al., 2018). Interestingly, in
an experimental study by Besharati et al. (2014), the induction of negative emotions
led to a notable enhancement of motor awareness in anosognosic patients
compared to controls, whereas the induction of positive emotions did not yield similar

effects.
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Proprioception impairments were found in both AHP and HP controls, with
AHP patients exhibiting significantly more severe deficits (Besharati et al., 2022;
Levine et al., 1991; Orfei, 2007; Vocat et al., 2010). In the acute phase following a
stroke, there was a significant correlation between the severity of AHP and the
extent of proprioceptive loss (Vocat et al., 2010).

Additionally, executive functions were identified to be much more severe in
AHP than in HP patients (Moro et al., 2016). Furthermore, patients with AHP tend to
experience more frequent falls than other patients after a stroke (Hartman-Maeir et
al., 2001).

AHP can also co-occur with other disorders of consciousness or
neuropsychological deficits, including allochiria, asomatognosia, neglect, and
somatoparaphrenia (Besharati et al., 2022; Bottini et al., 2018; Fotopoulou et al.,
2010; Jehkonen et al., 2006; Jenkinson et al., 2018; Marcel et al., 2004; Orfei et al.,
2009; Starkstein et al., 1992). Especially neglect, is often observed more prevalently
in AHP patients compared to those with hemiplegia (Berti et al., 2005; Monai et al.,
2020; Moro et al., 2016; Pia et al., 2004). Neglect is characterised by an individual's
inability to respond to stimuli presented in the hemispace contralateral to the lesion
(Kortte & Hillis, 2009). Recent research suggests that only personal neglect is likely
to be excluded, indicating that the network for personal neglect seems to be distinct
and not involved in other body representation disorders, including AHP (Bertagnoli et
al., 2022). However, visuospatial neglect can potentially impact the prospective
estimation of the patient's motor ability (Kirsch et al., 2021). Extrapersonal neglect is
more prevalent in patients with AHP, with reported frequencies ranging from 52% to
87%, compared to 6% to 23% in patients without anosognosia (Bisiach et al., 1986;

Cutting et al., 1978; Hier et al., 1983; Starkstein et al., 1992). While neglect and AHP
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can occur simultaneously and influence each other's pathology (Cocchini et al.,
2002; Caggiano & Jehkonen, 2018), AHP can also be observed in isolation and does
not explain all cases of anosognosia (Berti et al., 1996; Berti et al., 2005; Pia et al.,
2004; Gandola et al., 2014). These cases indicate that anosognosia is not simply
explained by an attentional deficit or unilateral spatial neglect of contralateral events
(Bisiach et al., 1986; Berti et al., 1996; Marcel et al., 2004).

Although disorders of the sense of ownership frequently co-occur with AHP
patients (Moro et al., 2021), they have been dissociated from AHP (Gandola et al.,
2012; Invernizzi et al., 2013; Romano & Maravita, 2019). Furthermore, Moro et al.,
(2021) found no correlation between disorders in the sense of ownership, such as
anarchic hand syndrome or illusory limb movements. Instead, the sense of agency
seems to be disturbed in patients with AHP. The sense of agency, representing the
feeling of controlling one's actions and their effects (Moore, 2016; Haggard, 2017),
becomes distorted in patients with AHP (Cocchini et al., 2022). Interestingly, this
distortion is not only limited to the contralesional side, but also manifests on the
unimpaired ipsilesional limb side. AHP patients demonstrate compromised abilities to
detect visual incongruences (Preston et al., 2010), and recall whether previous
movements were executed or imagined (Saj et al., 2014). They encounter difficulties
in remembering the source of action, even for the healthy limb. The extent of the
sense of agency and the distortion in monitoring movements are strongly influenced
by the severity of motor impairment (Cocchini et al., 2022). It is worth mentioning
that, while the monitoring of movement appears to be altered, motor planning seems
to remain preserved in AHP (Cocchini et al., 2018; Garbarini et al., 2012). AHP
patients perceive the complexity and difficulty of tasks in the same way as healthy

controls because they do not struggle to estimate the difficulty of a task itself. Instead
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their challenges lie in accounting for their motor impairment while performing the
task.

It is exceptionally challenging to study AHP due to lack of internal consistency
of movement claims in patients, varying throughout tasks and assessment times
(Antoniello & Gottesman, 2020). The dynamic expression of sensorimotor
experience in AHP makes it a multicomponent syndrome. The variety of possible
combinations of deficits, including impaired body perception, learning and memory,
multisensory integration, and spatial neglect, varying in severity, may contribute to
the diverse manifestations observed within patients.

3.2 Assessment of Anosognosia for Hemiplegia

Diagnosing AHP necessitates a comprehensive assessment across various
dimensions to identify the nature and severity of the condition. The variations in
awareness have traditionally been conceptualised as varying degrees of severity
(Bisiach et al., 1986). A neurological examination of AHP should encompass
assessing the main dimensions identified to current knowledge (Table 1). The
diagnostic tools predominantly involve meta-cognitive tasks to examine the
awareness and self-evaluation of patients' deficits and motor condition, commonly
referred to as "explicit anosognosia" (Coccini et al., 2012). Overall, the primary
domains investigated in comprehensive assessment of AHP could include causal
attribution, cognitive functions, executive functions, functional implications, implicit
knowledge, modality specificity, psychopathology, co-occurring manifestations, and
recovery expectations. Explicit anosognosia is evaluated verbally, through structured
questions posed to the patient regarding their deficits. Collected data is compared to
various sources like medical records, neuropsychological performance, or clinician's

evaluation, depending on the assessment method (Table 1). Evaluating implicit
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knowledge involves tasks like unimanual and bimanual activities (Cocchini et al.,
2010), or experimental designs (Fotopoulou et al., 2010; Jenkinson et al., 2009).
Modality-specific testing uses distinct items for varied deficits, such as upper and
lower limb paresis (Table 1).

In the case of a mild to moderate deficit, a differential diagnosis from
psychological denial has to be made to confirm the diagnosis of AHP. Denial should
be excluded due to the similar expression of minimization or denial of the impairment
(Kortte et al., 2003; Prigatano, 1998). Additionally, the diagnosis of neglect has to be
taken into high consideration due to the frequent co-occurrence of AHP and spatial
neglect (Berti et al., 2005; Monai et al., 2020; Orfei et al., 2007; Pia et al., 2004).

Furthermore, aspects of aphasia should be considered and collaborated with
through body language and gestures to assess the possibility of AHP (Orfei et al.,
2009). Specific functions like mnestic and language functions, including semantic
and phonemic fluency impairment in anosognosia, can be assessed (Bogod et al.,
2003; Marcel et al., 2004; Starkstein et al., 1992). Executive functions related to
attentional control, cognitive flexibility, inhibition, and set-shifting should be explored.
Psychopathological aspects like depression, anxiety, apathy, anger, hostility, and
alexithymia also need consideration (Fowler et al., 2018; Spalletta et al., 2012).
Specific scales and measures for each subdomain summarised can be seen in Table

1.

Scales to assess AHP should not be dichotomous due to its multicomponent
manifestation. A rather holistic than isolated view should be integrated when
measured. A Likert scale is often preferred and applied in several clinical settings to
assess AHP (Orfei et al., 2009). The most utilised diagnostic tools to assess AHP

are self-evaluation questionnaires and structured interviews (Coccini et al., 2012).
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Common examples are Bisiach’s Scale (Bisiach et al., 1986), Cutting’s questionnaire
(Cutting, 1978), the Anosognosia Questionnaire (Starkstein et al., 1992), Feinberg's
scale (Feinberg et al., 2000), and the Structured Awareness Interview (Marcel et al.,
2004), all focusing on awareness of the sensorimotor deficit (Orfei et al., 2009), and
on measurement of explicit awareness. Recent measures such as the Behavioural
Motor Task (BMT) by Cocchini et al. (2010a) and the Visual-Analogue Test for
Anosognosia for Motor Deficits (VATAm) by Della Sala et al. (2009) try to extend the

variety and options for testing for AHP.

Differing medical conditions, such as AHP caused by TBI or dementia, tend to
have more flexible tools of assessment, and clinicians can actively monitor the
development of AHP under various aspects and circumstances, such as in cases of
daily living, progression, or regression. Therefore, the assessment of patients can
differ depending on AHP onset with dementia, stroke, or TBI. In the case of the onset
through a stroke, patients can be examined in the hyperacute stroke phase, when
AHP is most robust. In the acute phase, the patient should be mainly assessed for
awareness deficits with evident impairment. In this stage, due to fatigue and
diminished concentration, reliable self-evaluation of cognitive abilities might be too

early and yet undiscovered by the patient (Orfei et al., 2009).

Typically, those structured interviews and questionnaires engage the patient in
a conversation about their present understanding of their condition before and after
the demonstration of their impairment, starting with general questions about their
current situation, towards more specific questions regarding their limb function and
strength. If denial of impairment occurs, the examiner will require a demonstration of

the function by asking the patient to perform specific actions with follow-up questions
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if the action was performed by the patient to further deepen the understanding of the
degree of awareness. Cutting's questionnaire (Cutting, 1978) also differentiates
between patients' varying reactions to the request to move the impaired limb.
Furthermore, the patient will be asked to perform unilateral and bilateral tasks such
as clapping or walking (Berti et al., 1996; Marcel et al., 2004; Della Sala et al., 2009).
Whereas in mild to moderate severity of AHP, simply requesting the patient to walk
or clap seemed to be not a sufficient predictor, while opening bottles or washing
dishes seemed to be better indicators (Della Sala et al., 2009). Lastly, the patient is
asked to predict their ability to move. The total discrepancy score is obtained by
subtracting the patients' estimation of their bodily state and an objective standard
assessed by a caregiver or clinician's judgement. Clinicians' judgement is one of the
most essential factors in the measurements of anosognosia in the case of a stroke.
Questionnaires of TBI and dementia rely mostly on relatives or staff reports (Orfei et
al.,, 2009). The assigned score should reflect the degree of awareness of the

patient's condition.

The majority of the mentioned measures are in line with the common
understanding of anosognosia and are vastly similar, laying the focus on closely
related themes. Due to the complexity of awareness impairment in AHP, some
criticise that current diagnostic tools of AHP fail to capture the whole diversity of
domains of AHP, varying within patients (Antoniello & Gottesman, 2020; Coccini et
al., 2012; Orfei et al., 2009; Prigatano, 2010). Orfei et al. (2009) examined the
assessments for AHP after stroke and TBI of the last 30 years and reflected that
despite the availability of reliable, high-quality measurements, the multifaceted
phenomenon of AHP is not fully captured due to too narrow a focus, which might

overlook the complexity of AHP, and neglect other areas of interest. Criticism by
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Antoniello & Gottesman (2020) and Coccini et al. (2012) emphasise further
assessment, going beyond verbal responses, and incorporating performance
evaluation and behavioural data. Scales such as the Bisiach Scale (Bisiach et al.,
1986) would flatten the severity score due to the multidimensionality of AHP,
neglecting essential research opportunities to study various aspects of AHP. Due to
interviews and questionnaires requiring the patient to provide verbal fluency,
interviewing patients with language impairment is quite challenging, resulting in a
high exclusion of patients and a lack of understanding of AHP in patients with lesions
in the left hemisphere (Coccini et al., 2012). The VATAm, an innovative diagnostic
tool developed by Della Sala et al. (2009), tried to cover this gap by examining
patients with AHP and language deficits by evaluating bimanual or bipedal actions
with the aid of illustrated drawings and illustrated Likert scales to account for
possible language impairment, and to assess left brain-damaged patients more
frequently. Compared to the traditional methods of Berti et al. (1996), which only
identified 10% of all patients with AHP, the VATAm (Della Sala et al., 2009) identified
40%, due to the inclusion of patients with language impairment (Nurmi & Jehkonen,
2014). Similar to the recently developed ECT (Errand Choice Test) by Cocchini et al.
(2018), capturing the assessment of perception of one's motor skills of everyday
tasks comparing unimanual and bi-manual tasks, capturing several cases of AHP for
patients with left hemispheric lesions. These cases provide further evidence towards

underestimation and underassessment of patients with left hemispheric lesions.

Other modern assessment methods address the criticism of excessive
focusing on single dimensions, such as explicit and implicit awareness (Coccioni et
al., 2018), without considering aspects like sense of agency, body ownership

distortion, or unusual emotional reactions. Many assessments fall short in
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adequately distinguishing occurring disorders next to AHP. In response, Moro et al.
(2021) introduced the 40-item Motor Unawareness Assessment (MUNA), designed
and tested for patients with right-hemisphere strokes. Pioneering in their approach,
they integrated body and motor awareness to more effectively differentiate explicit
and implicit disorders of awareness. MUNA specifically evaluates explicit motor
awareness, emotional reactions, implicit motor awareness, impaired sense of
ownership, sense of agency, and illusory movement. Still, there is a lack of

assessment ability for left hemispheric lesioned patients with language difficulties.

Additional criticism is directed at structured interviews for not capturing
various aspects of unawareness in rehabilitation. For instance, there are cases
where patients become aware of their impairment after a demonstration but remain
unaware of the consequences these deficits may cause (Nimmo-Smith, 2005). Some
also note an empirical learning process, where patients adjust their verbal
evaluations and behaviour during the interview, making it more challenging to assess
AHP (Berti et al., 1996; Cocchini et al., 2012; Marcel et al., 2004). The reliability of
interviews assessing cognitive function in individuals post-injury is criticised as the
gold standard due to potential biases arising from clinicians' and caregivers'
cognitive abilities or emotional responses to incidents, with clinicians lacking prior
knowledge of pre-injury functioning (Gasquoine, 2016). Limited correlation exists
between clinician and family members' judgments (Fordyce & Roueche, 1986;
Sherer et al., 1998), and instead, the discrepancy score between clinician and
patient appears to be a more reliable predictor (Sherer et al., 2003). An extensive
range and increased holistic approach of diagnostic tools in line with the modern
research findings about the development and consequences of AHP are demanded

to examine the nature of unawareness patients display to a greater extent. This
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holistic approach could potentially reveal the diversity of facets within AHP,

promoting better insights for research and more effective rehabilitation strategies.
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3.3 Motor Awareness

A lively debate persists regarding whether AHP can be explained by various
facets of motor awareness and behaviours, including cognitive, intentional,
motivational, monitoring, motor, sensory, or feedback dimensions. To develop an
understanding of such a phenomenon as AHP, awareness of our motor system and
subjective experience of motor control has to be comprehended to further
understand the pathology of AHP. Many concepts remain unknown regarding what
we are aware of and which motor control functions reach our consciousness.
Disorders of awareness, attention, and neglect indicate that consciousness can be
dissociated and coexists separately, within the stream of consciousness. Therefore,
specific lesions can affect single streams of consciousness, while sparing others
(Bisiach & Berti, 1995). To further investigate the underlying theories of AHP, it is
crucial to establish a foundational understanding of motor control and awareness.

The terms "aware" and "unaware" are frequently applied with considerable
flexibility. In this review, the definition of motor awareness refers to the
acknowledgment of an individual's actual motor state, who is in charge of performing
the movement and the ability to execute specific actions (Pacella & Moro, 2020). The
aware experience of motor control and execution is the product of various integrated
components, such as the intention to move, sense of agency, motor prediction of
sensorimotor feedback, monitoring of execution, the actual sensorimotor feedback of
an executed action, and the experience of one's own body in interaction with external
factors such as environmental and social contexts. The integration of sensory
information from the body is vital for motor awareness, allowing individuals to
maintain a sense of bodily self and accurately represent their body's position in

space during movement (Craig, 2009; Coslett et al., 2008; Romano et al., 2013;
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Sirigu et al., 1991). This complex integration of awareness components contributes
to an individual's perception and experience of self (Gallagher, 2000).

Our comprehension of the system accountable for regulating our actions
remains narrow, as does our awareness of the components indirectly engaged in
action control (Frith, 2002). Research suggests that the brain initiates preparations
for a motor act approximately 80 ms before subjective awareness of the decision
(Haggard & Eimer, 1999). This phenomenon may be addressed by the hierarchical
organisation of the motor system, where details of movement are determined at the
lowest level possible, with only the highest levels accessible to consciousness
(Haggard, 2005). Conscious awareness of preparing to move is specific to the
intended movement rather than a global idea of movement. For example, when
reaching for a cup, we have a clear goal and desire but are not consciously aware of
the exact muscles involved in achieving this goal. This indicates that our awareness
is limited to a global perspective rather than insight into specific computations and
motor commands. Typically, awareness of selecting one action over another arises
after the choice has been made, while awareness of initiating an action occurs
before the movement begins. These temporal distinctions converge in
consciousness, forming our sense of agency by combining the intention to act with
the outcomes of the action.

Therefore, intention tied to outcomes, is the foundation of the integrated
sense of agency (Pacella & Moro, 2022). Sense of agency is referring to the feeling
of being in control of one's actions and significantly contributes to awareness of
motor performance, and is separate from the sense of body ownership (Tsakiris et
al., 2010). Integral to all facets of motor awareness, it differs from feelings of urge or

anticipation (Pacella & Moro, 2022). This suggests that the sense of agency involves
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integrating information about events in our body or the external world with efferent
signals.

Motor intentions are characterised by a strong sense of agency, indicating
control over external events (Haggard, 2005). The intention to act can be defined as
the consciousness to perform or inhibit an action (Haggard, 2019; Pacella & Moro,
2022; Seghezzi & Haggard, 2022). The term "intention" encompasses various stages
of information processing that translate desires and goals into actions (Haggard,
2005). Such actions are typically influenced by task context and memory of past
associations rather than immediate stimuli. They often involve cognitive processes
such as planning and deliberation before their execution, requiring focused attention
and subsequent monitoring for potential learning. Libet et al. (1983) conducted an
experimental EEG study to investigate the timing of when an intention to move
becomes conscious. Their findings revealed that the conscious intention to move
occurs approximately 200 ms before the actual movement, and about 1 s after the
readiness potential is detected. This suggests that part of the preparation for
movement occurs before the conscious awareness of the intention to move emerges
and that intention seems to be a consequence of brain activity instead of the cause
of it. Therefore, Guggisberg et al. (2011) emphasise the distinction between the
moment when the intention to act is generated and when an individual becomes
aware of this intention. Intentional action is not simply a binary decision but rather
the culmination of multiple decisions. These decisions encompass not only whether
to carry out an action or not, but also considerations regarding the nature of the
action and the timing of its execution.

In our daily interactions with others and our environment, motor performance

plays a crucial role in expressing our beliefs, desires, and intentions while pursuing
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our goals. Successful monitoring of behaviour is necessary for becoming aware of
one's own movements, requiring continuous updating of motor performance. Motor
monitoring and error detection serve as tools for modifying and optimising behaviour,
allowing us to adjust and correct possible mistakes (Boksem et al., 2006; Ullsperger
& von Cramon, 2001). Mismatches and mistakes arise into consciousness when
there is a significant disparity between actual sensory feedback and predicted
sensory feedback, reflecting the internal prediction of motor outcome and the actual
outcome (Cocchini et al., 2022; Frith et al., 2000; Serrien & Spapé, 2011; Wolpert et
al., 2011). To generate and execute actions effectively, we rely on a motor monitoring
process that continuously evaluates the efficacy of our motor acts, facilitating
awareness of the movements we perform. Often this monitoring process is achieved
by a so-called comparator. Malfunctioning components of the comparator can lead to
incorrect beliefs about self-generated movements and a distorted sense of motor
control agency (Blakemore et al., 2002; Mograbi & Morris, 2013).

For optimal monitoring and motor control, individuals rely on internal or mental
representations of actual, desired, or predicted states of their limbs regarding
movement performance and the external world (Blakemore et al., 2002; Frith et al.,
2000). These internal representations function like previously created internal
models that can simulate and predict the body's interactions with the external
environment (Frith et al., 2000). However, only certain aspects of these internal
representations are conscious to an individual. Research has shown that unimpaired
motor awareness is often narrowed down to the predicted consequences of
movements, while corrections of movement occur unconsciously, if the desired goal
is still achieved (Blakemore et al., 2003; Fourneret & Jeannerod, 1998; Goodale et

al., 1994). Additionally, noisy environments and information overload can hinder
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awareness of minor corrections and muscle movements (Preston & Newport, 2014).
However, sensory consequences increase awareness if a motor act is unsuccessful
or unexpected, even if the individual is unaware of the cause of the deviation
between expected and actual movements (Antoniello & Gottesman, 2020). Also, the
size of adjustments determines the degree of awareness. Although the exact
thresholds for awareness discrepancy are unknown, experimental studies have
attempted to estimate them. Blakemore and Frith (2003) identified that individuals
become aware, on average, of a discrepancy of 15 degrees spatially or 150 ms
temporally when specifically instructed to detect a mismatch. However, without
instruction to pay attention to discrepancies, individuals can experience delayed
tactile consequences of their movements for up to 300 ms without noticing
(Blakemore et al., 1999).

Movement predictions partly account for the delayed tactile consequences of
our own movements. Predictions of movements serve several purposes, including
anticipating the path of limb movement and forecasting tactile and kinesthetic
sensations (Frith et al., 2000). Prediction serves a crucial role in maintaining
accurate performance despite feedback delays by estimating the outcome of motor
commands before true sensory feedback is received (Miall et al., 1993). When a
motor command is issued, an efference copy of the command is simultaneously
generated to estimate the sensory consequences of the movement (Miall & Wolpert,
1996). These predictions help filter sensory information and attenuate self-generated
sensations from changes in the external environment. Moreover, prediction
integrates sensory and motor information to estimate the current state of the system,
effectively bridging the gap between outgoing motor commands and subsequent

sensory feedback (Frith et al., 2000). Studies have shown that self-produced
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sensations are easier to predict compared to externally generated sensations (Frith
et al., 2000). This phenomenon underlies the finding that a tactile stimulus
administered to oneself feels significantly less intense compared to when
administered by someone else (Frith et al., 2005; Shergill et al., 2003; Weiskrantz et
al., 1971). The reduction in perceived intensity relies on accurate prediction, as the
subjective feeling of self-touching intensifies when the relationship between
movement and sensory outcomes is deliberately distorted (Blakemore et al., 1999).
This dampening of self-generated sensations is also evident at the physiological
level, with activity in the somatosensory cortex notably decreasing when tactile
stimulation is self-administered (Blakemore et al., 1998). Interestingly, this effect is
not exclusive to self-touching but extends to sensations arising from any type of
movement. The forward model implies that awareness of movement initiation is
based on predicted sensory consequences of movement, which are available before
sensory feedback of the actual movement occurs (Libet et al., 1989). This highlights
the proactive nature of the motor control system in anticipating and preparing for
sensory outcomes, contributing to our conscious awareness of movement initiation.
The forward model is part of computational and internal models, which include
all previously named concepts such as motor- intention, sense of agency, monitoring
and prediction to provide a comprehensive view on motor awareness. According to
these computational models proposed by Frith et al. (2000) and Blakemore and Frith
(2003), movement is closely intertwined with action intention and motor planning.
The success of actions is attributed to systems within the central nervous system
(CNS) known as predictors and controllers (Frith et al., 2000). Inverse models, also
named controllers, are crucial for determining the motor commands necessary to

achieve desired outcomes, such as executing simple reaching and grasping
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movements (Frith et al., 2000). The process of prediction within the motor system,
known as the forward model, is essential for anticipating and compensating for the
sensory effects of movement. The operation of predictors and controllers
necessitates the representation of at least three states of the motor system: the
present state, the desired state, and the predicted state. Movement command and
intention play crucial roles in predicting and estimating the consequences of
movements. The process of executing movements entails a sequence of muscle
contractions while simultaneously relying on sensory information to guide
decision-making and observe outcomes (Frith et al., 2000). This model involves
generating predictions based on motor commands and sensory feedback to
establish a causal relationship between actions and their outcomes (lto, 1970;
Wolpert et al., 1995).

In healthy individuals, the CNS navigates motor control processes with
remarkable precision. When initiating a movement, the CNS issues a motor
command, while a predictor calculates the expected sensory outcomes of that
command. Simultaneously, a controller establishes the connection between the
intended state and the necessary motor command to achieve it, essentially bridging
the gap between desired and executed actions. The fundamental role of the motor
control system is to manage the interplay between motor commands and sensory
feedback. Each interaction between the musculoskeletal system and the
environment produces immediate sensory consequences, as motor commands
translate into sensory feedback. This feedback loop allows for the prediction of more
efficient future movements. During intentional movements, coordination between
motor and sensory nerves ensures the successful execution of the intended action.

When predicting the sensory outcomes of our actions, the response to these
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sensations is dampened. This intricate interplay between motor and sensory
functions, facilitated by a feedback loop, not only ensures the smooth execution of
internal movements but also facilitates learning from past movement experiences.
Errors between desired and actual states contribute to improving controller
functioning, while errors between predicted and actual states enhance predictor
functionality. This learning process enhances the efficiency and effectiveness of
future movements (Frith et al., 2000; Fotopoulou et al., 2008). Hemiplegic patients
without anosognosia are capable of detecting the mismatch between prediction and
the final sensorimotor condition, allowing them to construct normal motor awareness
(Blakemore & Frith, 2003). This leads to the underlying theories of unawareness of

actual motor performance, the essences of AHP.

3.4 Underlying Theories of AHP

Over the last one hundred years, various theories have been proposed to
explain motor awareness models and the pathology of AHP. In earlier studies,
anosognosic patients were believed to have a previous general cognitive impairment
(Levine et al., 1991; Weinstein & Kahn, 1955; Ullman, 1964). However, the presence
of anosognosia in patients with normal mentation and orientation has led to the
rejection of many past theories (Babinski, 1914; Berti et al., 1996; Marcel et al.,
2004). Contemporary theories on the manifestation of AHP are primarily grounded in
neurobiological processes, particularly dysfunctions between the motor control
system and the accompanying sensory feedback loop (Bottini et al., 2009; Byrd et
al., 2020). Other theories of AHP revolve around the failure of the feedback loop to
update the motor cortex regarding the success of the intended movement. Many
variations in these theories lie in the mechanisms that trigger the update of the

feedback loop (Fotopoulou et al., 2008; Jenkinson et al., 2009; Preston & Newport,
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2014; Vocat et al., 2013; Saj et al., 2014). Researchers also proposed that AHP may
be caused by a selective deficit in motor planning (Heilman et al., 1998), or
higher-level motor monitoring processes (Berti et al., 2005; Fotopoulou et al. 2008;
Frith et al., 2000; Garbarini et al., 2012). For instance, studies demonstrating
dissociations between various forms of unawareness within the same individual
(Berti et al., 2007; Breier et al., 1995; Jehkonen et al., 2000) suggest that denial
could be conceptualised as a specific impairment of monitoring. Within this
framework, AHP might be understood as a monitoring deficit that specifically affects
motor awareness (Berti et al., 2007).

A monitoring deficit or damage to it and its consequences was viewed from
different perspectives and angles in past theories. For example, loss of intention to
move (Coslett, 2005; Gold et al., 1994; Heilman et al., 1998; Vallar et al., 2003) was
proposed, which would provide an explanation of no mismatch about motor planning
and execution, and the inability to interpret the absence of movement is abnormal.
Contrary to this hypothesis, participants without hemiplegia can have the feeling of
intention to move, in the absence of any performed movement (Fried et al., 1991).
Conscious intention can be experienced without the actual execution of movements.

Recent findings provide evidence that in AHP, the representation of intended
and predicted positions of limbs remains intact. Fotopoulou (2015) developed the
idea of the dominance of motor intention over movement sensation, based on direct
evidence showing that altered awareness of action in AHP reflects a dominance of
motor intention prior to action. In an experimental study by Fotopoulou et al. (2008),
evidence was found that patients with AHP tend to detect more movement
incorrectly when it did not occur, particularly when they intended to move, compared

to situations with no anticipated movement or externally generated movement. Berti
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et al. (2005) suggest that the experience of intention to move does not depend on
the functioning of a single cortical region but instead arises from a dynamic
interaction between different premotor areas. AHP patients never doubt their will
when they are programming a movement, despite the impossibility of performing it
(Berti & Pia, 2006). This accessibility may play a role in the development of the
delusional belief of being able to perform motor acts, despite experiencing complete
left hemiplegia (Berti et al., 2005; Berti et al., 2007; Lau et al., 2004).

Furthermore, Berti et al. (2007) also tested the EMG activity of proximal
muscles to assess intention for voluntary action in patients with AHP. They proposed
a different view, suggesting that anosognosia results from direct damage to the
comparator component of the model, rather than a loss of intentionality. They argue
that anosognosic patients should still have intentions for voluntary actions, and the
neural bases of motor intention should be preserved. Thus, they view anosognosia
as a disturbance of the comparator systems of action generation, emphasising the
preservation of motor intention in anosognosic patients. Their findings indicate that
motor awareness can persist even without perceptual awareness, allowing motor
control to depend solely on an internal model. This internal model provides the
individual with the normal belief of executing appropriate voluntary movements.

This internal model and computational models previously explained
(Blakemore et al., 2002; Frith et al., 2000), attempt to explain AHP by stating that the
actual and predicted states of motor movements rely on the stream of motor
commands, and sensory signals from the skin and muscles. Damage to these neural
networks or components can lead to a diffuse awareness of actions and impaired
action control, contributing to the pathology of neuropsychiatric disorders of

awareness (Blakemore et al., 2002; Frith et al., 2000). Normally, patients with AHP
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should become aware of discrepancies if their expected and predicted movement,
such as lifting their hands, does not match the actual movement of not moving at all
(Berti & Pia, 2006). Research has shown that patients with AHP are aware of their
goal to perform a movement and predict its outcome, but lack awareness when the
intended outcome does not occur. Awareness of initiating a movement is rooted in a
representation of the anticipated consequences of that movement, rather than its
actual outcomes (Frith et al., 2000). This representation of anticipated consequences
can be formulated when the controllers compute the appropriate motor commands
and the predictors derive expected outcomes from these commands. Thus, a patient
with a paralyzed limb might still experience the typical sensation of initiating a
movement with that limb if the controller and predictor functions normally. However,
persisting in the belief that the movement was successfully initiated would require
additional abnormalities in the system. In alignment with Frith et al. (2000), Berti et
al. (2007) provided evidence suggesting that patients with AHP retain the ability to
program movements and make predictions. lllusory awareness or false sense of
movement in AHP stems from the comparison of the intended or desired and
predicted positions of the limbs (Blakemore et al., 2003). According to this
hypothesis, individuals with AHP can construct accurate mental representations of
where their desired and predicted limb positions are but lack awareness of the
discrepancy with the actual outcome (Frith et al., 2000). Therefore, they lack access
to contradictory sensory feedback indicating movement failure. This lack of feedback
occurs due to brain damage affecting regions responsible for registering the limb's
actual state or due to neglect of this contrary information (Berti et al., 2005). In the
framework of forward models of motor control, efferent copies predict the sensory

consequences of motor commands during movements (Blakemore et al., 2002;
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Heilman 1991; Wolpert & Ghahramani, 2000). Awareness of actual sensory
consequences arises when deviations from expectations occur. If the predictor and
controller malfunction due to brain lesions post-stroke, the ability to correctly identify
positions of movements is still predicted and estimated based on previous
experience or movement memory before the brain lesions (Langer, 2009). The
failure to update through a standard feedback mechanism leads to a lack of
recognition of impairment or disability, clinically manifesting as delusional features, or
denial of deficits (Blakemore et al., 2002; Frith et al., 2000). This supports the notion
that awareness in patients with AHP is primarily influenced by an impaired
comparator system dominated by intention and prediction, while neglecting or failing
processing of sensory evidence contributing to accurate feedback of movement
performance with a failure to update the operations of the predictor (Fotopoulou et
al., 2008; Frith et al., 2000). Furthermore, experimental studies on motor imagery or
mental visualisation processes suggest that these mechanisms may override
sensory feedback in anosognosic patients, indicating a failure of the sensory
feedback loop to reach the motor cortex (Jenkinson et al.,, 2009). Indeed, the
process of imagining movement and preparing to move activates a subset of brain
areas similar to those activated during actual movement execution (Jeannerod &
Frak, 1999; Naito et al., 2002; Nyberg et al., 2001). Interestingly, even in healthy
individuals, there can be confusion between actions imagined and those actually
performed when asked to recall them weeks later (Thomas & Loftus, 2002). In
anosognosic patients, intended self-generated movements overshadow the actual
sensory feedback, resulting in a disturbed sense of agency for actions that never
occurred, as demonstrated in experimental rubber hand studies (Fotopoulou et al.,

2008; Cocchini et al., 2022). This hints at damage in areas responsible for
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monitoring both motor outflow and sensory inflow (Frith et al., 2000; Fotopoulou et

al., 2008).

Simplified, Blakemore and Frith (2003) stated that patients with AHP fail to
monitor the mismatch between the prediction and the actual execution due to a
malfunctioning comparator. Consequently, an illusory motor awareness is
constructed based on predicted or intended movements. In line with this research,
recent studies have suggested an impairment in comparator mechanisms
responsible for aligning predicted movements based on intention, with actual
movements based on sensory feedback (Bottini et al., 2010; Fotopoulou et al.,
2008). This discrepancy between actual and intended movement might be the
consequence of explicit unawareness in AHP (Frith et al., 2000; Berti et al., 2005;
Berti & Pia, 2006). The deficit can be based on solely representation of intended or
predicted movement (Berti et al., 2007; Desmurget & Sirigu, 2009; Fotopoulou et al.,
2008). Also supported by anatomical correlation studies of areas involved in
preparation and planning of movements (Berti et al., 2005) discussed in the next

section.

Especially areas of monitoring discrepancies of action and intention are
affected (Fotopoulou et al., 2010). Bisiach et al. (1990) suggest AHP stems from a
specific lesion within the systems responsible for monitoring and processing sensory
information. The monitoring network, a top-down controlled mechanism, interacts
with sensory-driven neurological processes to relay information from sensory
transducers to an individual (Bisiach et al., 1990). Unawareness levels are predicted
not by damage to a specific domain but by the extent of damage to the monitoring

module (Bisiach et al., 1990; Berti et al., 1996), thus providing an explanation for
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modality specificity in AHP. According to this model, confabulation and denial may
arise from lesions in specific monitoring systems of sensory-driven representations,
hindering sensory information processing. If damage extends to the monitoring
system itself, denial or the creation of false information may emerge as coping

mechanisms or due to impaired information processing.

As demonstrated, many theories focus on damage to the comparator system,
resulting in the failure to align actual motor movements with accurate motor feedback
(Fotopoulou et al., 2008; Jenkinson et al., 2009; Saj et al., 2014). The inability to
detect discrepancies between actual and predicted motor performance can explain
deficits in motor monitoring, but it does not fully account for the multifactorial
manifestation of AHP (Marcel et al., 2004). Other factors, such as implicit awareness
(Cocchini et al., 2010; Moro et al., 2011), belief updating theories, and the inability to
receive feedback about their hemiplegia (Bisiach et al., 1986), also contribute to the

complexity of the condition.

The failure of the feedback loop to accurately adjust and update the
individual's belief seems to contribute to the pathology of AHP (Vocat et al., 2013).
Experimental studies by Vocat et al. (2013) demonstrate that patients with AHP are
more likely to be unable to update their beliefs and modify their responses even
when confronted with new information incongruent with their present assumption.
Vocat et al. (2023) suggested an inability to adjust beliefs. An impairment in updating
beliefs and specific self-related beliefs likely constitutes the central mechanism
underlying anosognosia for motor deficits (Davies et al., 2005; Fotopoulou, 2014;
Vuilleumier, 2004). As well, delusional explicit aspects of AHP, could be explained by

an inability to attribute motor errors and other failures to oneself, leading to difficulty
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in updating one's self-representation accordingly (Fotopoulou et al., 2010; Marcel et

al., 2004; Ramachandran, 1995; Vuilleumier, 2004).

Belief updating has been suggested also by Vuilleumier's (2004) ‘ABC’
(Appreciation-Belief-Check) model. Due to the absence of error signals and
subsequent lack of checking processes, individuals with anosognosia may exhibit an
unusual level of confidence in their beliefs. This may result in a failure to incorporate
new information when faced with inconsistencies. Consequently, anosognosic
individuals might find it challenging to revise their existing beliefs, such as stating
that their left arm is fully functional. This difficulty arises from the absence of
supportive evidence at both the sensory-motor and affective-motivational levels.

Vocat et al. (2013) hypothesise that AHP is better understood as a breakdown
in the ability to recognize specific motor impairments within the context of monitoring
one's beliefs. The disrupted experience of primary deficits as motor or sensory
weakness in AHP may also be influenced by other deficits, such as attentional
deficits, spatial neglect, impaired motor intention, and amnesia, among others
(Davies et al., 2005; Venneri & Shanks, 2004; Vuilleumier, 2004). These factors may
manifest in varying combinations among different patients (Vuilleumier & Vocat,
2010). The diverse interplay of these factors could contribute to differences in the
specificity and selectivity of AHP across individuals. In favour of impairment of belief
updating is also the rehabilitation progress in many, but not all patients. Progressive
recovery can be related to reception of more information and feedback of their
current state, and increase awareness with time and fading anosognosia (Vocat et
al., 2013). This is also seen in research exposing patients daily to their deficit to
increase their awareness and enhance rehabilitation (Fotopoulou et al., 2009;

Ownsworth et al., 2006).
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Motivational levels and theories also played an important role since the
discovery of AHP. Especially denial behaviours have been further attempted to be
explained by neuro-motivational factors (Feinberg et al., 1994; Fotopoulou, 2010;
Frith et al., 2000; Marcel et al., 2004; Ramachandran, 1995; Solms, 1995; Turnbull et
al., 2005; Vuilleumier, 2004). Emotional factors may influence AHP and explain some
of its denial and delusional elements from a motivational perspective (Marcel et al.,
2004; Vuilleumier, 2004; Turnbull, 2005). It was suggested that AHP may result from
abnormal affective regulation (Nadrone et al., 2008; Turnbull et al., 2005). The
primary purpose of denial is to evade emotional distress. Therefore, the inhibition or
avoidance of motor deficits could be linked to perceived threat. Also, transient
episodes of awareness often evoke feelings of sadness (Kaplan-Solms & Solms,
2000; Turnbull et al., 2002, 2005). From this perspective, a disrupted right
hemisphere emotion-regulation system (Kaplan-Solms & Solms, 2000; Turnbull et
al., 2002, 2005) may contribute to the inability of individuals with anosognosia to
tolerate strongly aversive ideas. Implicit awareness of deficits, dynamic fluctuations
in awareness over time, selectively admitting certain deficits while denying others
despite evidence, and manipulations of first versus third person perspectives speak
in favour of a psychological defence mechanism (Ramachandran & Blakeslee, 1998;
Turnbull et al., 2014). Emotional changes and emotional psychotherapeutic
intervention accompany fluctuations of awareness, as demonstrated experimentally
(Besharati et al., 2014; Kaplan-Solms & Solms, 2000; Ramachandran & Blakeslee,
1998). For instance, experimental manipulations of perspective-taking, in which
taking a third person perspective of one's disability can lead to awareness
improvements and an increase in depressive emotions (Fotopoulou et al., 2009;

Marcel et al., 2004). In the experimental study of Besharati et al. (2014),
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self-referential emotion induced by social feedback showed that negative emotion
induction resulted in the improvement of motor awareness in patients with AHP,
while positive emotions did not. Implicit awareness is thought to occur because
denial as a defensive mechanism can only exclude information from explicit
awareness (Mograbi & Morris, 2013). This knowledge might persist outside of
conscious awareness. Research indicates that consistent avoidance of a particular
concept can result in the suppression of memory for that concept, a phenomenon
commonly known as repression (Anderson & Green, 2001). In line with the
hypothesis of repression in patients, Ramachandran & Blakeslee (1998) informed a
patient with AHP that an injection administered would have a side effect of temporary
paralysis of her already paralyzed arm. Surprisingly, after the injection, the patient
acknowledged her arm's paralysis. The lack of movement was perceived as a
temporary side effect, minimising its emotional impact on the patient. This shift in
perception seemingly enabled the patient to tolerate awareness of her paralysis. Due
to these experiments, Ramachandran suggests that the failure of anosognosic
patients to update their intentions in response to actual events may stem from
repression. This extends beyond previous sensorimotor models by incorporating
cognitive and motivational domains. Studies such as Nardone et al. (2008) have
found evidence showing slower reaction times for anosognosic patients when
presented with motor-related words compared to non-anosognosic individuals. This
aligns with findings that individuals employing repressive coping mechanisms also
exhibit slowed responses to threatening stimuli (Calvo & Eysenck, 2000), and high
anxiety coupled with repressive coping can lead to various attentional changes. The

defence hypothesis posits that patients with anosognosia for hemiplegia repress
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aversive neurological deficits, denying their existence in declarative memory despite
implicit registration.

Besharati et al. (2014) suggest that unawareness in AHP cannot be
adequately explained by either purely motivational or neurocognitive accounts. The
motivational theory has not been fully supported by empirical evidence (Besharati et
al., 2014). There is still an ongoing debate regarding whether depressive symptoms
are elevated or similar to control groups in AHP (Fotopoulou et al.,, 2010;
Kaplan-Solms & Solms, 2000; Nardone et al., 2008; Orfei et al., 2018; Turnbull et al.,
2002). However, the theory's expectation of modality specificity is not met, as
self-defence mechanisms typically deny hemiplegia in both limbs, unlike some AHP
patients who acknowledge hemiplegia in their upper but not lower limb. Furthermore,
experimental studies found that the caloric and vestibular reflex can transiently
improve AHP when cold water is introduced into the patient’s left ear (Cappa et al.,
1987; Ramachandran, 1995). This contradicts the theory, as psychodynamic
reactions are not typically influenced by physiological manipulation (Bisiach & Berti,
1995). Specifically, the psychodynamic account of AHP fails to explain the relative
neuroanatomical and behavioural specificity of anosognosic behaviours (Bisiach &
Geminiani, 1991; Heilman et al., 2011). Thus, it appears that the relationship
between AHP and emotion is more complex than suggested by either the

psychodynamic or motivational hypothesis.

Next to motivational theories, cognitive theories offer another view on AHP.
The Cognitive Awareness Model, outlined by Agnew and Morris (1998) and further
discussed by Mograbi and Morris (2013), offers a comprehensive understanding of
the multifaceted nature of motor awareness. This model emphasises the role of

memory within the comparator system. According to the model, incoming information
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regarding self-performance in tasks is monitored by comparator mechanisms. These
mechanisms compare this data with long-term memory representations stored in a
personal database specifically dedicated to self-related information. When there's a
discrepancy between the current experience and the stored self-knowledge, this
comparison triggers an update of the personal database. The updated information is
then relayed through the metacognitive awareness system, enabling consciousness
of decision-making regarding one's abilities. All these processes involved in updating
the personal database rely on multiple preserved cognitive functions, particularly
memory. Similar with the focus of updating memory and information about oneself
Marcel et al. (2004) theorised that there is a failure to integrate awareness of
episodic instances of the deficit in the long-term bodily representation. Attentional
dismissal leads to the experience of detachment and unconcern about parts of one’s
body not being perceived as belonging to oneself. The initial denial of impairment
may depend on the semantic knowledge that the body segments can move, and the
memory prior to the occurrence of the brain lesion (Marcel et al., 2004). In line with
this hypothesis, Ramachandran (1995) conducted experiments with AHP patients.
Caloric stimulation temporarily reversed anosognosia. The patient acknowledged her
paralysis and even admitted to its duration over several days (Ramachandran &
Blakeslee, 1998; Turnbull, 1999). Interestingly, the patient retained detailed memory
of the caloric episode but lacked declarative memory of admitting to hemiplegia. This
selective memory deficit, akin to anosognosia itself, suggests functional mechanisms

at play in episodic recall.

Ramachandran (1995) identified the right hemisphere as an ‘anomalies
detector’ in self-perception, responsible for setting up new schemata for new data

contrasting with old self-knowledge. Hence, damage to it leads to disturbances in
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self-perception and belief updating. This example also illustrates that despite
anosognosia, perceptual facts had been encoded in long-term memory but
overridden at a higher cognitive level. More recently, Ramachandran (1996)
suggested that in normal conditions, the left hemisphere is concerned with managing
small discrepancies in perception and thought, in order to make daily life consistent
and predictable. When the discrepancies are so prominent that they cannot be
ignored or adjusted, the right hemisphere creates new mental schemata or modifies
the existing ones. In this view, anosognosia for motor impairment after brain injury

would be a failure in this functional balance between the two hemispheres.

Similar, neuropathological theories in the past and present take disconnection
syndromes (Geschwind, 1965; Schacter, 1990) and diaschisis between hemispheres
into account. Disconnection syndromes (Geschwind, 1965) suggest that damage to
a specific brain region can negatively affect the functioning of connected regions by
limiting the flow of information between them. A related concept is diaschisis
(Monakow, 1914), which implies that uninjured regions of the brain connecting with
damaged areas may undergo reduced neural activity, particularly in the early stages
following a sudden onset injury. The specific areas affected are not universally
agreed upon. Geschwind (1965) suggested a dissociation from somatic function,
referring to the impact on interest, attention, memory, and cognitive understanding
related to a specific defect, from the right association cortex to the language zones of
the left hemisphere. Consequently, the false belief in retained motor ability is
reinforced by a left hemisphere "narrator" recounting knowledge about bodily

functions (Geschwind, 1965).
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Present studies, such as the probabilistic predictive coding theory of AHP
(Fotopoulou, 2012; 2014), suggests also that lesions of AHP could disrupt
neuromodulatory circuits or suggest weakened connection of functions (Preston &
Newport, 2014). The Disconnection hypothesis integrates several aspects of the
historical attempt to identify the cause of AHP. Kirsch et al. (2021) suggest pathology
of AHP arises due to disconnection of sensorimotor, metacognitive and mentalisation
functions related to self-awareness. In this framework, the brain leverages prior
learning to create generative models concerning the embodied self. These models
encode predictions not only about the hidden causes of current, noisy sensory
inputs, but also about the expected sensory experiences related to the body and its

interactions with the environment and prior beliefs.

Modern theories such as one by Pacella and Moro (2022) propose a
comprehensive multidimensional model of awareness by integrating three key
components derived from previous literature and theories: motor intention, motor
monitoring, and error recognition, all contributing to one's awareness of their own
motor abilities. They emphasise neuropathological theories by stating the role of
white matter disconnection is contributing to symptoms of AHP, suggesting that
disconnection of distant areas resulting from damage may account for various
manifestations observed in AHP. The components of motor intention and monitoring
encompass various stages of action, including intention, aim, and planning, as well
as the sense of agency, monitoring, control of execution, and error recognition.
These components are further linked to anatomical correlational studies in patients
with AHP, detailed in subsequent chapters. Their model underscores that motor

awareness extends beyond mere sensorimotor processing and monitoring
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mechanisms, or vice versa. Instead, it necessitates the integration of both bottom-up

and top-down processes involved in maintaining and updating beliefs about oneself.

Recent theories have trended towards suggesting multiple causative factors
(Davies et al., 2005; Pacella & Moro, 2022; Vuilleumier, 2004; Vocat et al., 2013),
involving different combinations of two or more deficits. AHP presents clinically in
various forms in patients, indicating its complex and heterogeneous nature, where
each aspect may require an individualised explanation (Marcel et al., 2004,
Vuilleumier, 2004). The pathology of AHP might arise from components of the
underlying theories proposed so far, matching the diverse observed expressions of
this phenomenon. However, not all aspects are fully understood. While none of these
factors such as cognitive, intention, motivational, monitoring, prediction,
belief-updating appears sufficient to explain the multifaceted nature of AHP alone,
the theoretical approach may underlie a heterogeneous nature (Cocchini et al., 2010;
Fotopoulou, 2012; Moro et al., 2011; Vocat et al., 2010; Vuilleumier, 2004), including
a potential combination of factors (Feinberg et al., 2000; Fotopoulou et al., 2010;
Solms, 1995; Turnbull et al., 2005; Vuilleumier, 2004). However, the precise
combinations of deficits capable of causing the syndrome and the dynamic relation
between the various critical factors remain unknown (Besharati et al., 2015).
Anatomical correlational studies may offer additional evidence supporting the
relationship between motor awareness and the pathology of AHP and its underlying

theories.

4. Anatomy of AHP
AHP is believed to be related to changes in brain function and structure

associated with the integration of emotional responses, perception, the processing of
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emotional and sensory information, and self-awareness (Gainotti, 2018). Examining
the effects of brain damage of AHP is crucial for understanding the neurobiological

mechanisms that underlie motor awareness processes.

Previous anatomical correlational studies have frequently identified lesions
associated with AHP in the frontal, parietal lobes, and temporal cortical structures
(Antoniello & Gottesman, 2020; Berti et al., 2005; Gainotti, 2018; Pia et al., 2004;
Pacella et al., 2019), specifically in areas such as the anterior cingulate gyrus, basal
ganglia, insula, lateral prefrontal cortex (LPFC), limbic system, premotor cortex
(PFC), temporoparietal junction (TPJ), and the ventral attentional system (VAN)
(Antoniello & Gottesman, 2020; Berti et al., 2005; Bisiach et al., 1986; Gainotti, 2018;

Karnath, 2005; Pia et al., 2004; Pacella et al., 2019; Vocat et al., 2010).

Lesion mapping studies have retraced the medical history of patients with
AHP following a stroke and identified the infarct of the middle cerebral artery (MCA)
and its surrounding areas as the most frequently observed cause (Baier et al., 2014;
Besharati et al., 2014; Fotopoulou et al., 2010). Furthermore, AHP is correlated to
lesion size (Pedersen et al., 1996). AHP is observed to have a higher prevalence
when lesions in stroke patients tend to have a mean diameter of 5 cm or more
(Hartman-Maeir et al., 2003). The anatomical correlation of AHP can be tested in the
acute phase of one to seven days post-injury, in the subacute phase eight to 29 days
after a stroke, or chronic phase after one month, and is essential for understanding
how the condition evolves over time, providing valuable insights into its temporal
dynamics and progression. The mixed brain injury aetiology and the time elapsed
from the acute event make it more challenging to establish a precise localization of

AHP and generalise the measurements (Orfei et al., 2009). Consequently, the
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investigation of the anatomical correlation of AHP over the last century has provided
inconsistent results, with differing lesions identified as possible causes for AHP.
When considering the anatomy of AHP in groups rather than isolation, it becomes
more challenging to narrow down a specific lesion prevalence for the expression of

AHP pathology.

The following sub-chapters will analyse the anatomical correlational findings
of neuroimaging studies, neurophysiological studies, voxel-based lesion-symptom
mapping (VLSM) studies to further attempt to explain and identify the neural bases of

AHP.

4.1 Neuroimaging studies

Pia et al.'s (2004) meta-analysis compromised neuroimaging studies from
1938 to 2001, establishing an association between the occurrence of AHP and
unilateral right-sided or bilateral lesions in various cortical and subcortical brain
areas. AHP can arise from single cortical structure lesions in frontal, parietal,
temporal cortical, or subcortical areas with distinct etiologies. Notably, fronto-parietal
lesions without subcortical involvement appear more prevalent in the cause of AHP
than temporal lobe lesions. In cases of involvement of more than one lobe,
fronto-parietal structure lesions with or without further extensions were associated
with the highest occurrence (Pia et al.,, 2004). Intriguingly, those meta-analyses
highlighted instances where pure anosognosia occurred without parietal lobe
damage or spatial neglect, while six patients diagnosed with AHP and neglect
exhibited no frontal lobe damage but only parietal lobe damage. Hypotheses
propose that in such cases, parietal and frontal damage may induce diaschisis

functionally linked to frontal or parietal lobe areas (Pia et al., 2004), yet these cases
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highlight the challenge of generalising one specific lesion location for all AHP

patients.

The results of the meta-analysis of Pia et al. (2004) entail crucial implications
for the explanation of the pathology of AHP. Several studies on humans and
primates have provided evidence supporting the involvement of the parietal region in
movement planning, sensorimotor integration, and spatial cognition (Halligan et al.,
2003). The engagement of the parietal lobe in anosognosia may be attributed to an
intrinsic spatial limitation affecting the function of the motor monitoring system (Orfei
et al., 2009). From this perspective, anosognosia may be caused by damage to the
fronto-parietal circuit dedicated to spatial and motor representation. Within this
neural network, the parietal component plays a crucial role in computing spatial
information necessary for the execution of motor actions in space. The frontal lobe is
commonly associated with self-awareness and metacognitive functions, particularly
self-reflection (Orfei et al., 2007). Given that anosognosia is perceived as a disorder
of motor awareness (Frith et al., 2000), frontal involvement may be correlated with
damage to a motor monitoring system. Damage to the frontal system is often linked
to impairments in the monitoring system responsible for action planning and
execution. The proposed locations for actual, intended, and predicted movement
states, as well as motor awareness and control, are primarily within the PFC,
premotor cortex (PMC), and supplementary motor area (SMA) within a
frontal-parietal circuit (Desmurget and Sirigu, 2009; Frith et al., 2000; Haggard,
2005). Therefore, the combination of frontal involvement and simultaneous parietal
damage might constitute a central factor in a deficit within a cortical circuit
associated with space and motor representation (Berti et al., 2005; Rizzolatti et al.,

1998). Consequently, neglect and anosognosia could result from impairments to this
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shared circuit responsible for spatial-for-action representations, as suggested by
studies like Rizzolatti et al. (1998). Lesions affecting specific components of this
circuit may give rise to selective and spatially confined disorders of awareness as

AHP.

4.2 Neurophysiological studies

Awareness of motor deficits is often associated with a
performance-monitoring network. A systematic review conducted by Pyasik et al.
(2022) summarised eighteen studies, specifically focusing on patients with lesions in
the performance-monitoring network and comparing them to healthy controls. The
key components identified in this network included the basal ganglia, dorsolateral
PFC, insula, and thalamus, all of which also play a significant role in AHP lesions, as
following studies will demonstrate. The anterior frontal network was identified as a

crucial risk factor for disorders related to the awareness of motor deficits.

4.3 VLSM studies

Early VLSM studies identified Brodmann areas (BAs) to further narrow down
lesions contributing to the pathology of AHP. Berti et al. (2005) conducted an
analysis of patients with AHP lesions in the right hemisphere, who explicitly denied
their motor impairment and compared them with patients with hemiplegia (HP)
without anosognosia. Denial was primarily linked to the frontal cortex, specifically
involving the PMC (BA 6), Broca's area (BA 44), the primary motor cortex (BA 4),
and the somatosensory cortex (BA 3). These areas play crucial roles in the
programming of motor acts and are related with monitoring systems (Rizzolati et al.,
1998). Additional areas associated with lesions in AHP included the frontal gyrus (BA

46), and the insula. In contrast Fotopoulou et al. (2010) found no significant
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difference in the prevalence of lesions in the PMC (BA 6) when comparing patients
with AHP and HP.

In further research by Karnath et al. (2005), the posterior insula was identified
as a key differentiator in anosognosic patients, potentially contributing to a deficit in
integrating stimuli associated with self-awareness and body perception. The insular
cortex is hypothesised to play a crucial role in monitoring internal bodily functions
(Karnath et al., 2005; Gomez-Andres et al., 2022). Consequently, a disconnection of
fronto-insular tracts would explain the diffusing awareness of motor perceptions in
patients with AHP (Monai et al., 2020). Notably, AHP does not solely result from
damage to the insula (Karnath et al., 2005). Similar to Berti et al. (2005), Brodmann’s
areas 44 and 45 were observed to be involved, specifically, the inferior frontal gyrus
(IFG) and pars orbitalis (BA 47). Furthermore, lesions in the basal ganglia, parietal
and temporal cortical areas, and white matter were observed. The basal ganglia, a
component of the subcortical structures within the frontal network (Decety, 1996),
could potentially contribute to impaired motor monitoring systems responsible for
both action execution and ideation (Pia et al., 2004).

To further explore and gain deeper comprehension into not just the spatial
distribution of lesions associated with AHP, but also to uncover distinctions across
various phases of AHP, Moro et al. (2016) performed a VLSM analysis to explore
lesional differences between acute and chronic AHP. In the acute stage lesions
involved the basal ganglia, caudate, insula, putamen, internal and external capsule
and the inferior occipito-frontal fasciculus. Chronic AHP was associated with damage
to the fronto-temporal cortex, specifically, gyri temporales transversi, temporal
superior cortex, the thalamus, and rolandic operculum (ventral premotor cortex).

Additionally, alongside the white matter pathways, lesions of the anterior segment of
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fasciculus arcuate, cortico-spinal tract, and corpus callosum were observed (Moro et
al., 2016). Lesions that overlapped in acute and chronic AHP cases affected the
insula, external and internal capsule, superior corona radiata and white matter
lesions related to the superior longitudinal fasciculus (SLF). Furthermore, Moro et al.
(2016) identified lesions in the anterior temporal superior gyrus in AHP patients as
compared to HP controls. The anterior superior temporal gyrus has been previously
associated with deficits in mentalization and perspective-taking in AHP (Besharati et
al., 2016), potentially contributing to the explanation of why patients cannot update
their anosognosic beliefs based on third-person feedback (Fotopoulou, 2015; Moro
et al., 2011).

Three networks were especially noticeable in acute AHP, namely the ventral
PMC, the insula, and the superior temporal gyri (STG). This aligns with further
research that reported similar results for the insular cortex and lateral PMC (Berti et
al., 2005; Fotopoulou et al.,, 2010; Monai et al.,, 2020; Pacella et al., 2019).
Significantly, in addition to the observed basal ganglia and insula damage in acute
AHP, there was extended damage involving the fronto-temporal cortex and long
white matter pathways. This extended damage appeared to be predictive of
symptom persistence beyond 40 days (Moro et al., 2016). The identification of
anatomical areas sheds light on the association of greater cortical damage being
likely the cause for chronic AHP (Moro et al., 2016). In agreement with previous
lesion studies on Disownership Syndrome (DSO) by Gandola et al. (2011), Invernizzi
et al. (2013), and Romano et al. (2014), Moro et al. (2016) propose that subcortical
grey areas and related white matter tracts might be essential for the emergence of
rudimentary feelings of limb ownership. These sensations are then presumably

re-represented in higher cortical areas to integrate them with various aspects of
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self-awareness, encompassing self-other distinction, spatial and temporal
self-awareness, as well as the sense of action awareness and agency (Blanke,
2012; Tsakiris et al., 2010). Additionally, the subcortical involvement appears to be
predominantly associated with concomitant disturbances in body ownership.

Like Moro et al. 's (2016), recent VLSM research is taking further changes of
white matter connectivity in lesions of patients with AHP into account (Besharati et
al., 2022; Monai et al., 2020; Pacella et al., 2019). These findings reveal several
damages in long-range white matter pathways within the association cortex. The
currently largest investigated sample with 174 AHP patients by Pacella et al. (2019),
explored the neural systems contributing to AHP and proposed a tripartite
disconnection syndrome of white matter pathways involving the premotor loop, limbic
system, and VAN. The results emphasise the joint contribution of these three
systems to motor awareness. Consistent with recent analyses (Berti et al., 2005;
Moro et al., 2016), AHP is not solely explained by direct grey matter lesions but
involves disruptions in white matter connections within these networks as well.

The study of Pacella et al. (2019) highlights the role of white matter
disconnection in the limbic system via the cingulum and the VAN and SLF Il
connections. More specifically, disruptions are observed in the posterior segments of
the limbic network, the cingulum connections between the amygdala, the cingulate
gyrus, and the hippocampus, the SLF Ill connections in the right hemisphere
between TPJ and ventral frontal cortex of the VAN, and the frontal aslant and
fronto-striatal connections between the striatum, the preSMA, and the IFG of the
premotor loop (Pacella et al., 2019). The limbic system is commonly linked to
emotional and memory processing and operates as an integral component of the

default mode network (DMN) (Greicius et al., 2009). This system is associated with a
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distinctive pattern of intrinsic connectivity during introspective states and
self-referential processes, including autobiographical retrieval, future imagining, and
mentalization (Pacella et al., 2019). This association may provide an explanation for
deficits in general awareness, anticipatory awareness, and mentalization observed in
AHP patients. Building upon previous findings on emotions and arousal in AHP
(Besharati et al., 2014; D'Imperio et al., 2017), the disconnection of the VAN might
be preventing the recognition of stimuli related to one's own paralysis. The insula, a
critical component in AHP, plays a crucial role in updating self-referred beliefs and
contributes to both the limbic system and the VAN. It accomplishes this by
integrating external sensory information with internal emotional and bodily state
signals (Craig, 2009).

To further investigate damage to white matter pathways in AHP, Monai et al.
(2020) decided to compare lesions between patients with AHP and HP. In line with
previous research, in both groups, lesions in the frontal, parietal, and temporal lobes,
along with the insular cortex were observed. Subcortical regions in the basal ganglia
and thalamus were also affected, with the brainstem being impacted only in the HP
group.

The disconnection of dorsal white matter pathways descending from the
motor, premotor, and parietal cortex to the internal capsule and cerebral peduncle
was similar in 75% of patients in both the AHP and HP groups (Monai et al., 2020).
Additional involvement of basal ganglia-cortical tracts, frontal and temporal white
matter tracts, and thalamo-cortical tracts was identified. In the HP group, central
damage was observed in the basal ganglia. For AHP, the damage was more diffuse,
with a higher prevalence of lesions in frontal and parietal white matter. Overall, no

significant difference in the severity of damage between patient groups was found,
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but there was a notable difference in terms of structural connectivity. While similar
patterns of disconnectivity of descending motor pathways were found between AHP
and HP patients, AHP patients exhibited significantly increased and more
widespread white matter pathway disconnection in various regions, including the
right insula, fronto-insular tract, right TPJ, right lateral and medial prefrontal cortex
(mPFC), specifically the inferior and superior parietal lobule (IPL, SPL), STG, middle
temporal gyrus (MTG), PMC, anteriorly in the IFG, SLF, and subcortically in the
putamen. These disconnections within the neurocognitive hierarchy can manifest at
various levels. For instance, observed damage to the PMC and the ventral part of
the SLF may lead to a disconnection between somatosensory areas in the parietal
cortex and ventral premotor and prefrontal regions. This disconnection could result in
an impaired ability to detect and monitor incongruent sensorimotor feedback
(Enriquez-Geppert et al., 2014), aligning with findings from previous studies (Berti et

al., 2005; Kortte et al., 2015).

The IFG entails different nodes responsible for various networks, such as the
CON, a network belonging to the insula and cingulate cortex, related to task
maintenance and shifting (Sestieri et al., 2014). This network could possibly explain
the inability to shift to the correction of diffused body schema or motor planning
observed in AHP (Monai et al., 2020). The IFG is also associated with the TPJ,
forming part of the VAN, via the SLF Il, one of the most damaged pathways in AHP
(Monai et al., 2020). These areas play a crucial role in the integration of multi-modal
body and visuospatial signals and in switching between perspectives of the body,
environment, external and internal stimuli, and self or others (Corbetta et al., 2008).
The superior parietal and dorsal frontal cortex contribute to top-down control for

spatial attention, possibly linked to the spatial neglect observed in AHP (Corbetta et
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al., 2008). The cingulate cortex is involved in the evaluation of emotional stimuli,
memory, perception, and mediation of memory retrieval, as well as emotion. These
pathways connect regions to various cognitive networks, including the
cingulo-opercular, default, and VAN (Monai et al., 2020). Similar to the previously
presented study by Pacella et al. (2019) and Kirsch et al. (2021) significant
correlation between damage and disconnection of white matter pathways of the
VAN, linking the insula, TPJ, and ventral PFC with belief updating in AHP is
observed. Importantly, no isolated pattern of lesions or disconnections to any single
system can fully explain AHP. The study proposes that deficits in motor monitoring,
combined with salience and belief updating deficits, contribute to the multifaceted

nature of AHP.

To investigate the multifaceted nature of AHP further, Besharati et al. (2022)
conducted a comprehensive analysis and comparison of deficits in updating beliefs
from both egocentric first-person perspective (1PP) and third-person perspective
(3PP). The study unveiled the neural components involved in these deficits, including
limbic white matter connections, the IFG, middle frontal gyrus (MFG), supramarginal
gyrus(SMG)/ TPJ, and STG, consistent with findings from prior research (Moro et al.,
2016; D’Imperio et al., 2017). Specifically examining egocentric perspectives,
impairments in 1PP were associated with lesions to the insula, IFG, pre- and
postcentral gyri, and the SLF. Similarly, egocentric 3PP impairments involve these
areas, with additional significance in the MFG, extending to the SMG/TPJ, STG, and
subcortically to the pallidum. Moving to allocentric perspectives, mentalization
deficits in allocentric 3PP were linked to the IFG, MFG, and SMG/TPJ, with white
matter disconnection in posterior-temporal areas associated with a failure in

counterfactual belief updating (Besharati et al., 2016, 2022; Kirsch et al., 2021).
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Interestingly, AHP patients were more aware of their motor paralysis when asked
from 3PP than from 1PP, in line with previous research (Marcel et al., 2004). These
findings align with the theoretical framework by Samsonovich and Nadel (2005),
proposing the existence of an 'egocentric map' in the prefrontal cortex and an
'allocentric map' in the hippocampus to attempt to understand the diverse belief

updating deficits seen in AHP.

4.4 Section Summary

Previous perspectives on AHP concentrated on specific cortical lesions,
particularly in the lateral premotor cortex and anterior insula, emphasising
impairment on action and body monitoring. Specifically, difficulties in monitoring
motor signals and learning from action failures are thought to be reflected in the
premotor network. However, AHP is not solely linked to a deficit in sensorimotor
monitoring (Berti et al., 2005) or multisensory body representation (Karnath et al.,
2005). Recent studies (Monai et al., 2020; Moro et al., 2016; Pacella et al., 2019)
suggest that AHP is a more complex syndrome, extending beyond motor monitoring
functions and involving disconnectivity in several cortical and subcortical pathways.
These findings support contemporary multifactorial theories of AHP, proposing that
the syndrome arises from a combination of diverse and heterogeneous disturbances
(Marcel et al., 2004; Monai et al., 2020; Morris & Mograbi, 2013; Pacella et al., 2019)
in various networks, including cognitive, motor, premotor, and spatial computation,
and representation.

Therefore, AHP is not confined to a specific functional region or system;
instead, it encompasses widespread areas, particularly the fronto-temporo-parietal
regions and subcortical white matter. The neural basis of AHP suggests that damage

and disconnection in complex cortico-subcortical circuits, within and beyond the
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motor system, underlie awareness of motor control, contributing to anosognosic
pathology. This involves multiple networks associated with motor and body
monitoring, attention, belief updating, and self-referential processes. The diverse
findings could suggest that various manifestations and expressions of AHP
correspond to distinct anatomical pathologies as well as differing underlying theories.
5. Lateralization of Hemispheres in AHP

The most frequent lesions following stroke or TBI that are associated with
AHP are typically localised in the right hemisphere (Azouvi & Peskine, 2013;
Appelros et al., 2002; Baier & Karnath, 2005; Coslett, 2005; Pedersen et al., 1996;
Starkstein et al., 1992; Turnbull et al.,, 2005; Vallar et al., 2003). Anosognosic
patients with lesions in the left hemisphere represent only a minority of cases
(Azouvi & Peskine, 2011; Appelros et al., 2002; Coccini et al., 2012; Coslett, 2005;
Pedersen et al., 1996; Stone et al., 1993). For instance, Stone et al. (1993)
conducted a study involving 171 patients and found an incidence rate of
anosognosia of 28% following right hemisphere stroke compared to 5% following left
hemisphere stroke. Similar findings were reported by Pedersen et al. (1996) where
the incidence of anosognosia after right and left hemisphere stroke was 36% and 9%
respectively. In a systematic review by Jehkonen et al. (2006) covering the period
from 1995 to 2005, the occurrence of anosognosia after right hemisphere damage
ranged from 11% to 60%, while it ranged from 6% to 24% for left hemisphere
damage.

Recent research proves that left hemisphere lesion-associated AHP might be
more frequent than expected (Cocchini et al., 2022; Hartman-Maeir et al., 2003).
AHP in left-brain-damaged (LBD) patients may have been underestimated due to

methodological issues favouring right-brain-damaged (RBD) patients (Cocchini et al.,
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2009) throughout history. More recent evidence from Cutting (1978) and Cocchini et
al. (2009) further confirmed that the occurrence of AHP might have been
underestimated in patients with left brain damage due to methodological limitations.
This could stem from differing concepts of AHP, leading to investigations of
potentially distinct underlying mechanisms (Jenkinson et al., 2011; Morin, 2017) and,
consequently, different results. Additionally, aphasia is a frequent outcome of left
hemisphere lesions and stands as the most prevalent neuropsychological effect of
stroke, affecting approximately one-third of all stroke patients in the acute phase
(Sinanovi¢, 2010). Left-sided infarcts often impact the language centre, complicating
the detection of AHP and potentially leading to a selection bias in assessments. Up
to 40% of individuals with left-sided infarcts may experience AHP, which could be
masked by aphasia. For example, when applying the VATAm, Della Sala et al. (2009)
identified that 40% of anosognosic patients had damage to the left hemisphere.
Nathanson et al. (1952) and Gross and Kaltenback (1955) were in favour of the
hypothesis that aphasia might obscure certain cases of AHP. They discovered that
within unselected cohorts of patients with right-sided hemiplegia, the assessment of
AHP was hindered by the concurrent presence of global aphasia.

Outcomes from investigations using the intracarotid sodium amobarbital
procedure (Wada Test) are inconclusive regarding the relationship between left
hemisphere damage and awareness in AHP. When barbiturates are injected into
either carotid artery, selectively anaesthetizing one hemisphere and causing
weakness on the contralateral body side, a higher frequency of unawareness is
evident when the barbiturate is injected into the right hemisphere (Bisiach &
Geminiani, 1991; Gilmore et al., 1992; Adair et al., 1997; Lu et al., 2001; Pia et al.,

2004). Left hemiplegia occurred in 66% (Dywan et al., 1995) to 100% (Gilmore et al.,
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1992) of cases, while hemiplegia for the right side ranged from 0% to 86%
(Carpenter et al., 1995; Durkin et al., 1994; Dywan et al., 1995; Gilmore et al., 1992;
Kaplan et al., 1993; Lu et al., 1997), and the difference between the two hemispheric
conditions ranged from 0% (Dywan et al., 1995) to 100% (Gilmore et al., 1992;
Cocchini & Della Sala, 2010). These results were not influenced by findings of
neglect, as 26% of LBD patients and 52% of RBD patients displayed similar deficits
(Cocchini et al., 2018). For example, Azouvi and Peskine (2011) questioned subjects
both during and 3 minutes after barbiturate injection and found that 30 out of 31
(97%) denied left hemiparesis after right carotid injection, while 15 out of 31 (48%)
denied right hemiparesis after left carotid injection. These outcomes suggest that
AHP may be more frequently associated with anaesthesia or lesions of the right
hemisphere. However, the results also indicate that AHP occurring after left
hemisphere anaesthesia or lesion cannot be fully excluded as a cause of
unawareness of motor impairment, indicating that the left hemisphere might play a
different role than the right hemisphere in terms of awareness.

Fowler et al. (2018) investigated the difference in expression of AHP in LBD
and RBD stroke patients. LBD patients were more likely to underestimate their motor
ability, while RBD patients predominantly seemed to overestimate their motor ability
(Fowler et al, 2018; Marcel et al., 2004). Both cases imply that patients have a
disturbed view of their post-stroke motor ability, regardless of which lesion side is
damaged. Therefore, the expression of symptoms between the lesion sides might
differ. When comparing both groups, RBD patients presented more spatial attention
problems, while memory scores were somewhat similar for both groups.

The previously mentioned Geschwind’s disconnection hypothesis (1965)

postulates an interhemispheric disconnection. LBD patients can be of high
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importance due to neuroimaging studies identifying bilateral networks and diaschisis
as possible inclusion criteria for both hemispheres (Coccioni et al., 2022). Especially
the sense of agency is supposed to be integrated into a bilateral network (Seghezzi
et al., 2019; Di Plinio et al., 2020; Zapparoli et al., 2020). Recent neuroimaging
studies revealed that the left hemisphere can also play a role in the
pre-supplementary motor area, intentional binding of a planned action, and
integrating agency and body-ownership (Seghezzi et al., 2019; Zapparoli et al.,
2020). Therefore, it is hypothesised that the right hemisphere is not exclusively
involved and responsible for awareness and monitoring (Coccioni, 2022), and both
hemispheres may cover different cognitive aspects. Neuroimaging studies on AHP
(Berti et al., 2005; Karnath et al., 2005; Baier & Karnath, 2008; Vocat et al., 2013) do
not directly address the potential role of the left insula in body and emotional
awareness (Craig, 2009). Nevertheless, it is noteworthy that some neuroimaging
studies of motor and emotional awareness have found bilateral activation of the
insular cortex (Farrer & Frith, 2002). Thus, it has to be explored if the specific roles of
the right and left insular cortex in motor and emotional awareness are important in
their combined functional role. Some researchers view AHP after brain injury as a
failure of functional balance between the two hemispheres (Ramachandran, 1996).
Similar to the findings of Cocchioni et al. (2022), found an impact on bilateral balance
in the motor network for actions involving both limbs in AHP, whereby lesions not
exclusively affect contralateral motor abilities but also the sense of agency on the
ipsilateral side.

Jehkonen et al. (2006) observed that research on AHP with exclusively LBD
patients did not exist until 2002. During the past decade, only 10% of the reviewed

studies have assessed anosognosia in homogeneous groups of left hemisphere
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patients. Further investigation is necessary to evaluate the role the left hemisphere
plays in AHP to prevent possible under evaluation of these patients due to
challenging assessment procedures and to further develop a comprehensive
understanding of AHP. The aim is to investigate whether patients with LBD need to
be more frequently assessed and studied, given contemporary research evidence
suggesting that AHP is more prevalently, but not exclusively, caused by RBD.
Additionally, the aim is to discover if patients with lesions to the left hemisphere are
less frequently assessed or identified due to different symptomatology (Gainotti,
2018; Pia et al., 2004; Monai et al., 2020). Therefore, the present systematic review
investigates further the relation of AHP and the left hemisphere. Like other aspects
of hemispheric asymmetry (Gasquoine, 2016), the precise nature of this lateralized
effect is little understood. Due to the inconclusive findings of LBD and awareness in
AHP, the present systematic review focuses on the findings of research regarding
this relationship to further comprehend the current findings and to attempt to close
the gap, providing possible explanations for the discrepancies in findings. The
identification of the relation between the left hemisphere and AHP is of high
importance due to possible consequences for assessment methods and study
designs necessary to focus and include more frequently patients with LBD.
6. Materials and Methods
6.1 Selection Criteria

A systematic review was conducted on research articles sourced from the
electronic database PubMed, with the aim of analysing and summarising the findings
of AHP in left hemiplegia spanning from 1954 to 2024. The research articles
referenced in this report were restricted to English translations or originals. The

selection criteria included adult patients experiencing anosognosia for hemiparesis
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or hemiplegia with unilateral left hemispheric lesions, and without specific aetiology,
who had been evaluated using any applicable measurement outlined in Table 1. The
analysis encompassed the anatomy of lesions, assessment methods, the prevalence
and underlying shared theories and findings regarding AHP in patients with LBD.
6.2 Selection of Articles

The search was conducted using the following string: "Anosognosia for
hemiplegia" OR "AHP" OR "Anosognosia for motor impairment" AND "left
hemisphere" OR "left brain damage" OR " left lesion" on April 11, 2024. The process
of identification, screening, and inclusion is summarised in Table 2. A total of 111
articles were retrieved from PubMed. After a comprehensive screening of the
abstracts 100 articles were excluded. Among these, 35 articles focusing on AHP in
left hemiplegia or RBD patients were included, while four papers addressing different
types of anosognosia, such as anosognosia for mirror writing, hemianopic
anosognosia, anosognosia for PD, and anosognosia for optic ataxia were excluded.
Additionally, 38 articles were excluded due to their focus on other neurological
disturbances, such as agnosia, agraphia, aphasia, apraxia, gnosis, motor conversion
disorder, neglect, object recognition impairment, optic ataxia, prosopagnosia,
supernumerary motor phantom limb, somatoparaphrenia, and others. Six papers
investigating AHP in non-paralyzed limbs or unrelated reviews not specifically

addressing AHP in LBD patients were also excluded.

Furthermore, four studies involving LBD patients did not identify AHP in the
sample, either due to the inability to assess all participating patients or the absence
of AHP, and thus were not included in the analysis. Additionally, ten Wada test
studies, which investigated AHP through barbiturate anaesthesia, were excluded

because the patients did not exhibit AHP as a result of their brain lesion but rather
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were induced to display AHP for the purpose of intracarotid sodium amytal testing

(ISA) prior to epilepsy surgery. After excluding three case studies that met the criteria

but were inaccessible and in a different language, eleven articles remained (as

shown in Table 2). These eleven articles were thoroughly reviewed and their findings

are comprehensively presented in Table 3 of the result section.

Table 2

Overview of Systematic Review Process

c
-% Records identified from:
L Databases (n=1)
E Pubmed (n=111)
el

Y

Records screened
(n=111)

Y
= Reporis sought for retrieval Reports not retrieved
s (n=0) (n=23)
$
&

Reports excluded:
Y Barbiturate anesthesia (n = 10)
Reports assessed for eligibility Not met criteria (n = 10)
(n=108) Only RBD patients (n = 35)
Other neurological disturbances (n = 38)
Other types of anosognosia (n = 4)

\
§ New studies included in review
= (n=11)
Q
=

7. Results

Among the eleven articles selected, only seven studies focus specifically on

AHP in LBD patients (Baier et al., 2014; Cocchini et al., 2009, 2018; Formica et al.,

2022; Green & Hamilton, 1976; Hartman-Maeir et al., 2001; Ronchi et al., 2013). The
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remaining articles explore various other neurological disturbances, such as neglect
(Beis et al., 2004; Dronkers et al., 1989; Stone et al., 1993), and minor hemisphere
syndrome (Cohen et al., 1991), wherein AHP co-occurs. Table 3 provides a detailed
overview of the studies included. The studies consisted of five case studies and
seven group studies (Table 3). Within the group studies, the prevalence of AHP in

LBD patients ranged from 2% to 48%.
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7.1 Patient Criteria

The total number of patients with left hemispheric lesions in the eleven studies
included in this review is 333, while the number of patients with those lesions
identified with AHP was 44 (Table 3). Of those patients one study reports about three
patients with AHP in LBD in the acute phase (Stone et al., 1993), six studies
identified seven patients in the subacute phase, meaning AHP consisted longer than
seven days (Baier et al., 2014; Cocchini et al., 2009; Cohen et al., 1991; Dronkers et
al., 1989; Formica et al., 2022; Green & Hamilton, 1976), and five studies identified
34 patients with chronic AHP resulting from left hemispheric lesions (Beis et al.,
2004; Cocchini et al., 2009, 2018; Hartman-Maeir et al., 2001; Ronchi et al., 2013).
All patients listed in Table 3 had experienced unilateral damage to the left
hemisphere. In this review, AHP was observed as a result of onset of a stroke. Most
patient samples were recruited from hospital admissions and five from rehabilitation
units (Beis et al., 2004; Cocchini et al., 2018; Formica et al., 2022; Hartman-Maeir et
al., 2001; Ronchi et al., 2013). Displaying the proportion of men and women is
challenging due to insufficient data on the gender of all patients in three studies
(Baier et al., 2014; Green & Hamilton, 1976; Stone et al., 1993), or missing
information about the gender of those displaying AHP in LBD (Beis et al., 2004;
Cocchini et al., 2009, 2018). The overall ages of patients ranged from 28 to 100
years. The mean years of education in the studies providing indication ranged from
eight to ten years (SD = 3-5) with a range of two to seventeen years (Beis et al.,
2004; Cocchini et al., 2009, 2018; Formica et al., 2022; Hartman-Maeir et al., 2001).
Among the seven studies only two patients were left-handed, while eight were
right-handed. Certain selection criteria in the studies included patients who had

experienced their first stroke (Beis et al., 2004; Cocchini et al., 2018; Hartman-Maeir
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et al., 2001; Stone et al., 1993), with the requirement that comprehension be intact
and no prior history of neurological or psychiatric iliness (Baier et al., 2014; Cocchini

et al., 2009, 2018; Hartman-Maeir et al., 2001).

7.2 Assessment Methods

Assessment methods and details are presented in Table 3. All studies utilised
explicit assessment methods, previously visible in Table 1, primarily employing
clinical interviews (Table 3). In the study by Cocchini et al. (2009), the assessment
methods of the structural interview and the more inclusive interview of the VATAm
were compared. In this study the Berti et al. (1996) Scale Structured Interview
identified two anosognosic patients, while the VATAm identified twelve with varying
severity. In their subsequent study Cocchini et al. (2018) compared the VATAm and
ECT measurement. The VATAm identified six patients, and the ECT identified one
additional patient with AHP for LBD, and both applied combined diagnosed another

seven patients.

Eight studies included patients with AHP and LBD who demonstrated no
severe language disturbances as indicated by test batteries and the applicability of
structured clinical interviews. The remaining three studies, conducted by Cocchini et
al. (2009, 2018) and Hartman-Maeir et al. (2001), also included aphasic patients due
to the requirements of the VATAm, ECT, and Task Choice Method of language
comprehension but provided aid in form of pictures and pointing instead of a clear
verbal response. Therefore, these studies only required comprehension for
assessment and aimed to include aphasic patients. In Table 3, the number of
excluded patients is provided, with 20 patients being excluded due to comprehension

difficulties (Beis et al., 2004; Cocchini et al., 2009), and a total of 67 patients
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excluded in two studies due to aphasia (Baier et al., 2014; Stone et al., 1993). Stone
et al. (1993) noted a confidence interval of a 32% difference in proportions of
unassessable patients with a 95% confidence interval regarding the accessibility of

testing RBD versus LBD patients.

7.3 Neuroimaging, Comorbidities and Functional Outcome

Table 4 presents the lesion details extracted from a systematic review of
patients with AHP and unilateral left lesions, along with the lesion size. However,
specific data for lesions of patients with AHP from Beis et al. (2004) and Stone et al.
(1993) were not available. To summarise the frequency of anatomical areas, Tables

5 and 6 display cortical and subcortical areas found in the ten studies reviewed.

Half of the studies indicated occurrences of other neurological disturbances in
relation to LBD rather than in relation to co-occurrence with AHP. The few studies

identifying co-occurrences with AHP are also presented in Table 4.
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Table 5
Most Frequent Involvement of Cortical Anatomical Areas Identified with

Neuroimaging Techniques of Patients with AHP and LBD.

Area of Lesion  Anatomical lesion N
Cortical Lesion  Frontal Lobe 6
Parietal Lobe 6
Temporal Lobe 5
Occipital Lobe 0
Middle Cerebral Artery 3

Note. N = 9. Number of Studies that observed lesions in

these areas.

Table 6
Most Frequent Involvement of Subcortical Anatomical Areas Identified with

Neuroimaging Techniques of Patients with AHP and LBD.

Area of Lesion Anatomical lesion N

Subcortical Basal Ganglia 1
Caudate nucleus 1
Centrum semiovale 1
Insular 2
Internal Capsule 2
Inferior Frontal Gyrus 1
Intrahemispheric white matter 1
Thalamus 2

Note. N = 9. Number of Studies that observed

lesions in these areas.
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8. Discussion
8.1 Manifestation

Although AHP is less commonly encountered in its chronic state (Orfei et al.,
2009; Prigatano, 1999), the majority of the eleven studies reviewed included a high
number of chronic patients with AHP and LBD, providing evidence for the occurrence
of AHP in patients with lesions in the left hemisphere. As mentioned previously
(Chapter 2.1), different levels of awareness may coexist or differ within the same
patient and fluctuate over time (Moro et al., 2021), also captured in the cases of the
present review. Similar manifestations of AHP were observed in the cases of AHP in
LBD in the present review. Denial of impairment were observed in several studies
(Baier et al., 2014; Cohen et al., 1991; Dronkers et al., 1989; Ronchi et al., 2013),
even after neurological demonstrations. Dronkers et al. (1989) reported non-related
explanations when a patient was asked to move her hand, as she was unable to
move her right hand due to being left-handed. Anticipatory awareness (Moro et al.,
2015; Pacella et al., 2019) was also observed in several studies (Cohen et al., 1991;
Formica et al., 2022; Hartman-Maeir et al., 2001). In a case study by Formica et al.
(2022), the patient showed inconsistencies in responses regarding activities she
could or could not perform, such as stating she could not drink with her right hand
but could clap or wash her hands without problems. Overall, she overestimated her
abilities to move, similar to observations in RBD patients with AHP. Hartman-Maeir et
al. (2001), utilising an implicit measure to test AHP, identified four patients with
implicit anticipatory awareness, where patients attempted to perform bimanual tasks
despite their hemiplegia, failing to predict their current ability to perform the task.
Cohen et al. (1991) noted verbal persistence of AHP, with patients still asserting their

ability to perform bimanual activities, and sometimes implicit awareness, as
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evidenced by requesting support with walking. Dronkers et al. (1989) observed a
general impairment of awareness in their case study, where the patient provided
another reason for her hospitalisation besides her hemiplegia or stroke. Impaired
mentalization (Besharati et al., 2016; Feinberg, 2000) processes were noted by
Cohen et al. (1991), where the patient disregarded the diagnosis of hemiplegia
because she claimed she could walk, despite being informed otherwise by hospital
staff. Modality specificity was observed in the study by Cocchini et al. (2009).
Additionally, confabulations and claims of illusory movement were present in two
studies (Cohen et al., 1991; Ronchi et al., 2013).

Co-occurring disturbances, sometimes accompanied AHP, but not in all cases
(see Table 4). Many studies reported no aphasia or only mild aphasia (Baier et al.,
2014; Cohen et al., 1991; Dronkers et al., 1989; Formica et al., 2022). Behavioural
changes such as lack of verbal initiative, apathy, and lack of emotional expression
were observed in some cases (Dronkers et al., 1989; Formica et al.,, 2022).
Proprioceptive loss was less frequently found, but there is insufficient evidence to
conclude that it would be less frequent than in RBD patients with AHP. Similarly,
cognitive impairment was only found in the study by Ronchi et al. (2013), thus no
definitive conclusion can be drawn here either. Regarding ADLs, Formica et al.
(2022) and Hartman-Maeir et al. (2001) found concerning levels of impairment in
patients ability to perform ADLs and live independently with AHP after a stroke.

Baier et al. (2014), Dronkers et al. (1989), and Formica et al. (2022) reported
incidences of spontaneous rehabilitation occurring after nine days, a phenomenon
typically observed in patients with AHP and RBD (Antoniello & Gottesman, 2020;
Gialanella & Mattioli, 1992). In the case study by Ronchi et al. (2013), the patient

displayed a spontaneous and stable regression of AHP after CVS, resulting in only a
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minimization of the severity of his impairments, similar to anosodiaphoria. Despite its
higher frequency of occurrence in RBD patients, Hartman-Maeir et al. (2001)
investigated the functional outcomes of AHP patients in both hemisphere groups and
revealed their inability to retain safety measures at discharge from rehabilitation, as
well as their need for assistance in basic and instrumental activities of daily living at
their follow-up, with no differing awareness observed between the groups. AHP,
regardless of the lesion side causing it, presents a significant risk for negative
functional outcomes in stroke rehabilitation.

8.2 Assessment

Compared to Jehkonen et al.'s (2006) systematic review covering the period
from 1995 to 2005, the prevalence of AHP in LHB patients ranged between 6% to
24%. The present review was conducted almost twenty years later and includes
studies from 1976 to 2024 revealing an increase in prevalence from 2% to 48%. As
suggested by Cocchini et al. (2022) and Hartman-Maeir et al. (2003), AHP in LBD
might be more frequent than previously expected, and recent studies are attempting
to address methodological limitations. These limitations not only include making
testing available for mild to moderate aphasic patients, but also aligning and
updating the current diagnostic measures of AHP with its evolving understanding.

As seen in Table 3, prevalently explicit measures in the form of structured
clinical interviews were applied to investigate AHP. However, solely relying on clinical
interviews provides limited insight into the heterogeneous expression of AHP,
especially in investigations involving LBD patients. As mentioned in the previous
chapter (2.1), only one-third of patients with AHP express anosognosia through
explicit denial (Pia et al., 2004), yet the most common measure to diagnose AHP

remains an explicit interview based on the patient's denial of motor impairment. Apart
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from Hartman-Maeir et al. (2001), no other study attempted to investigate implicit
awareness, which would be beneficial for including aphasic patients, and measuring
nonverbal anosognosic behaviour alongside clinical interviews. Hartman-Maeir et al.
(2001) identified 25% of hemiplegic stroke patients with chronic AHP in their
post-acute phase through testing for implicit awareness, without finding explicit
expression of AHP at this stage, consistent with previous findings by Jehkonen et al.
(2000). They state that conservative methods of verbal assessment are not sensitive
enough to assess anosognosia in its chronic phase. Cocchini et al. (2009) argue that
subacute or chronic patients eventually become accustomed to their environment,
making it challenging for structured interviews to effectively reveal their anosognosia
for their hemiplegic state.

Overall, comparison studies of RBD and LBD patients do show a higher
prevalence of AHP in RBD patients (Stone et al., 1993; Pedersen et al., 1996).
However, upon closer examination of these studies, Stone et al. (1993) calculated a
confidence interval of a 32% difference in proportions of unassessable patients with
a 95% confidence interval regarding the accessibility of testing RBD versus LBD
patients. This is partly due to comprehension difficulties and partly due to the
application of clinical structured interviews that are unable to be applied to aphasic
patients. Unlike structured interviews, which rely on verbal communication and focus
on general questions or movement requirements, alternatives such as the VATAm
offer a more comprehensive understanding. For instance, the inclusion of visualised
tasks and the evaluation of one's motor abilities in various situations promotes higher
sensitivity and reduces the requirement for fluent speech. Cases of limitations
regarding aphasia are observed in studies by Baier et al. (2014), who had to exclude

33% of their participants, and Stone et al. (1993), who had to exclude 45% of their
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LBD sample. Methodological limitations, especially in comparison studies such as
the one by Cocchini et al. (2009), reveal that the application of visual tests for AHP
over structured interviews leads to a lower exclusion rate and significantly higher
detection of AHP. In their sample, the structured interview had to exclude 52.4% of
participants, compared to only 28.6% with the VATAm. More importantly, 23% of
patients categorised as unassessable for the structured interview exhibited mild to
moderate signs of anosognosia. Mild to moderate anosognosia indicated in their
study unawareness regarding their impairment, with differing scores below the cutoff
compared to those of their caregivers, despite assessment occurring 50 to 70 days
post-stroke. Conversely, none of the patients excluded for the VATAm could be
assessed by the structured interview. The studies, which implement integrative
measures for aphasic patients, clearly demonstrate evidence of overlooked aphasic

patients with AHP.

While Baier et al. (2014) criticised Cocchini et al. (2009) for applying too low
thresholds for diagnosing AHP, Cocchini et al. (2018) noted that even if they were to
apply a more conservative criterion, as advocated by Baier et al. (2014) excluding
mild forms of anosognosia, still 33% of their sample displayed more severe forms of
anosognosia. Additionally, Marcel et al. (2004) indicated that AHP was more
effectively assessed when patients were asked to perform specific bimanual or
bipedal tasks instead of answering global questions about their limbs. For example,
in the case described by Formica et al. (2022), the patient showed inconsistencies in
responses regarding which activities she could or could not perform, which could
lead to different score ratings on structured clinical interviews, particularly if only one
or two actions such as lifting a limb are required. Comparing the VATAm and ECT

method (Cocchini et al., 2018) resulted in different diagnoses of AHP for different
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patients, implying that a single measurement may not be sufficient to identify all
patients with AHP due to variations in its expression within individuals. Different
methods may be able to address different aspects of awareness, and the ECT

proved to be capable of detecting less evident forms of awareness.

The heterogeneity of AHP necessitates testing across various domains to
capture its diverse expressions (Cutting, 1978; Cocchini et al., 2009), and several
factors may underlie deficits in awareness (Cocchini et al., 2002; Davies et al., 2005;
Orfei et al., 2007; Vuilleumier, 2004). Often, patients' behaviour is inconsistent with
their explicit acknowledgment or denial of their motor impairment, especially in
chronic stages (Cocchini et al., 2010; Moro et al., 2011; Ramachandran & Blakeslee,
1998). Studies such as those by Baier et al. (2014) or Ronchi et al. (2013) continue
to employ a clinical interview designed almost 30 years ago, despite the availability
of new measures. This outdated approach does not align with the current
understanding of the heterogeneous expression of AHP. This classification gap leads
to different findings regarding AHP in LBD patients. Conservative application of
explicit measures contrasts with the recognition of AHP as a multifaceted syndrome
with implicit and explicit expressions of awareness. These expressions may not
always be evident in direct interviews but are apparent in behavioural tasks. The
divergence in concepts and treatment of patients with AHP may explain the
infrequent findings of AHP in LBD. Patients with AHP may acknowledge their
hemiplegia but still demonstrate unawareness of its consequences, a phenomenon
often revealed only in implicit tasks rather than explicit interviews. The understanding
of AHP as a neurological disorder has evolved, and our knowledge of it has

expanded. This knowledge has to be updated and implemented into the
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methodological classification of AHP to ensure more consistent findings in research

studies.

8.3 Underlying Theories

Underlying theories mentioned in the review were the feedforward theory,
supported by the fMRI analysis conducted by Formica et al. (2022). According to the
feedforward theory, anosognosia arises from a discrepancy between the expectation
of movement and the perception of the movement. Their analysis revealed activation
of motor areas of the patient with AHP, even when movements were only imagined,
suggesting that similar neural patterns are engaged whether a movement is
physically executed or imagined.

Some researchers view AHP after brain injury as a failure of functional
balance between the two hemispheres (Ramachandran, 1996). In the present
review, several studies argue against the role of the left hemisphere in
self-awareness, despite the occurrence of AHP in response to unilateral lesions of
the left hemisphere. Interestingly, five studies suggest a reversed hemispheric
specialisation in their patients, where the left hemisphere appears to be responsible
for awareness, while the right hemisphere seems more dominant for language,
speech generation, and processing. Concerning language lateralization, the vast
majority of right-handed individuals exhibit left hemispheric dominance for language
(Corballis, 2009; Dorsaint-Pierre et al., 2006; Dronkers et al., 2004; Knecht et al.,
2000; Rasmussen & Milner, 1977). However, a small subset of acute neurological
patients presents with a reversal of this typical asymmetry, demonstrating right
hemisphere dominance for language instead of the expected left hemisphere
dominance (Marien et al., 2004; Padovani et al., 1992). In the case study by

Dronkers et al. (1989), the left-handed patient exhibited a constellation of
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neurological disturbances including visuo-spatial deficits and aprosodic speech,
which are typically associated with right hemisphere lesions (Table 4). Due to
preserved language ability, the authors proposed a bilateral or reversed lateralization
of hemisphere dominance to account for these syndromes in LBD. Similarly, in
Cohen et al. 's (1991) case study involving a right-handed patient, reversed
lateralization of language was suggested due to the absence of language impairment
following stroke. They suggested that if the left hemisphere had dominance for
language, or if language was represented bilaterally, significant damage to the left
hemisphere would have resulted in aphasic symptoms, which were not observed.
Furthermore, they hypothesised that the patient's left hemisphere was primarily
dominant for body schema, manual dexterity, and spatial attention. Moreover, in the
case described by Ronchi et al. (2013) involving a left-handed patient, cognitive
functions appeared to be predominantly localised in the left hemisphere. Despite
suffering a significant stroke, the patient displayed severe praxic and visuo-spatial
deficits, while aphasic symptoms remained relatively mild. This observation suggests
that linguistic functions may be partially lateralized in the left hemisphere, with
possible involvement of the intact right hemisphere in verbal production and
comprehension. In the cases reported by Formica et al. (2022) and Baier et al.
(2014), fMRI analysis were conducted to investigate cerebral activation patterns
(Table 4). Even though Baier et al. 's (2014) patient was right-handed, the authors
identified reversed spatial neglect and language functions through asymmetric
activity during a language task. They suggested that this observation aligns with the
existence of a minority of approximately 3% of right-handers exhibiting right
lateralization of language ability (Knecht et al., 2000; Marien et al., 2004; Padovani et

al., 1992). The fMRI analysis conducted by Formica et al. (2022) highlighted the

85



involvement of the left hemisphere in motor planning, motor imagery, and motor
representation tasks. Conversely, activation during a language task was
predominantly observed in the right hemisphere, suggesting lateralization of
language functions in the patient's right hemisphere. In contrast, some studies argue
against this theory to provide an explanation for all cases of AHP caused by left
lesions. The patients examined by Hartman-Maeir et al. (2001) were all right-handed
and possessed adequate language skills. Moreover, studies employing measures
such as the VATAm did not exclude patients with mild to moderate aphasia and did
not find evidence for reversed lateralization. Additionally, the extent to which
non-AHP patients with left brain damage exhibited right hemisphere language
representation remains unclear. Overall, the occurrence of AHP in patients with
left-sided lesions suggests the possibility of certain cases to be the cause of
reversed hemispheric lateralization, implying that the left hemisphere may not
inherently play a primary role in our self-awareness of limb movement.
8.4 Anatomical-Correlational Findings

Due to the limited availability of lesion details, only a general comparison
between LBD and RBD lesions in relation to AHP can be made. However, the
available data on lesions in the patients from the systematic review strongly
correlates with anatomical-correlational studies on the neuroanatomical basis of AHP
in RBD patients (Chapter 3). Similar to RBD patients with AHP, lesions associated
with AHP and LBD were primarily located in frontal, parietal, and temporal cortical
structures (Table 5). Even though some studies did not find a significant association
between lesions in the frontal or parietal lobes and anosognosia (Coccioni et al.,
2009). The previously mentioned Geschwind’s disconnection hypothesis (1965)

postulates an interhemispheric disconnection. LBD patients can be of high
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importance due to neuroimaging studies identifying bilateral networks and diaschisis
as possible inclusion criteria for both hemispheres (Coccioni et al., 2022). Especially,
the sense of agency is supposed to be integrated into a bilateral network (Seghezzi
et al., 2019; Di Plinio et al., 2020; Zapparoli et al., 2020). Anosognosia may arise
from damage to the fronto-parietal circuit responsible for spatial and motor
representation, with frontal involvement potentially affecting a motor monitoring
system (Desmurget & Sirigu, 2009; Frith et al., 2000; Haggard, 2005), regardless of
lesion side. Lesions affecting specific components of this circuit may lead to selective
and spatially confined awareness disorders, as observed in AHP and its co-occurring
neurological disturbances in patients with both RBD (Chapter 2.1) and LBD (Table
4).

Similar to lesion mapping studies in RBD patients, AHP was frequently
associated with strokes in the area of the MCA (Baier et al., 2014; Besharati et al.,
2014; Cohen et al., 1991; Formica et al., 2022; Fotopoulou et al., 2010). Despite a
correlation with lesion size, the present review found cases of AHP even in smaller
lesion sizes (Table 4). Limited detailed information on subcortical lesions (Table 6)
revealed that, similar to RBD patients with AHP (Berti et al., 2005; Besharati et al.,
2022; Fotopoulou et al., 2010; Karnath et al., 2005; Monai et al., 2020; Pacella et al.,
2019; Pyastik et al., 2022), left hemispheric lesions affected various regions,
including the basal ganglia, caudate nucleus, centrum semiovale, insular cortex,
internal capsule, iFG, intra hemispheric white matter, LPFC, thalamus, and TPJ
(Baier et al., 2014; Cocchini et al., 2009, 2018; Dronkers et al., 1989; Formica et al.,
2022; Green & Hamilton, 1976; Hartman-Maeir et al., 2001; Ronchi et al., 2013).

In a localization study of the performance-monitoring network the basal

ganglia, dorsolateral PFC, insula, and thalamus as main components, all frequently
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affected in AHP, were identified in both hemispheres (Pyasik et al., 2022).
Furthermore, Moro et al. (2016) associated right lesions and AHP with the rolandic
operculum, the insula, and the superior temporal gyri, aligning with partial cases of
AHP in left lesions in the present study as well (Table 6). Additionally, Moro et al.
(2016) discovered in acute-stage lesions involvement of the basal ganglia, caudate,
insula, putamen, internal, and external capsule, also observed in the LBD subacute
cases after seven days (Table 4). Their chronic association was with the
fronto-temporal cortex, gyri temporales transversi, insular, superior temporal cortex,
the thalamus, and the ventral premotor cortex, also observed in the present study,
but not all in chronic cases.

Additionally, similar to Moro et al.'s (2016) findings, intra-hemispheric white
matter lesions were observed in LBD patients. These white matter pathways
involving the fronto-temporal cortex were found to be predictive of persistence of
AHP beyond 40 days (Moro et al., 2016). Similarly, patients with damage to the white
matter pathways (Table 4) were indeed chronic AHP patients (Hartman-Maeir et al.,
2001). The ftripartite disconnection syndrome of white matter pathways (Pacella et
al., 2019), involving the premotor loop, limbic system, and VAN, impacts the iFG of
the premotor loop, the insular, and temporoparietal junction, which are also observed
in left lesioned patients with AHP. These results emphasise the joint contribution of
these three systems to motor awareness. Even though Karnath et al. (2005) claimed
that the insular cortex has a high importance in awareness, patients with lesions only
in this area did not display anosognosia. Nevertheless, it is noteworthy that some
neuroimaging studies of motor and emotional awareness have found bilateral
activation of the insular cortex (Farrer & Frith, 2002). Supported by the present

review, the insular cortex can play an additional role in both, right and left
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hemispheric lesions causing AHP. Therefore, it is necessary to investigate whether
the distinct roles of the right and left insular cortex in motor and emotional awareness
are significant for their combined functional role. The limbic system is associated
with a distinctive pattern of intrinsic connectivity during introspective states and
self-referential processes, including autobiographical retrieval, future imagining, and
mentalization (Pacella et al., 2019). As previously mentioned, in differentiation from
healthy participants (Monai et al., 2020), AHP patients exhibited significantly
increased and more widespread white matter pathway disconnection in various
regions, including the right insula, fronto-insular tract, right TPJ, right lateral and
mPFC, specifically the IPL and SPL, STG, MTG, PMC, anteriorly in the iFG, SLF,
and subcortically in the putamen. The IFG is also associated with the TPJ, forming
part of the VAN, via the SLF Il, one of the most damaged pathways in AHP (Monai et
al., 2020). These areas play a crucial role in the integration of multi-modal body and
visuospatial signals and in switching between perspectives of the body, environment,
external and internal stimuli, and self or others (Corbetta et al., 2008). Similar to the
previously presented (Kirsch et al., 2021; Pacella et al., 2019), there is a significant
correlation between damage and disconnection of white matter pathways of VAN
linking the insula, TPJ, and ventral PFC with belief updating in AHP. Importantly, no
isolated pattern of lesions or disconnections to any single system can fully explain
AHP.
9. Limitations and Future Research

The limitations of the present study include the limited availability of studies
involving patients with LBD and anosognosia, as well as the incomplete information
provided by some studies regarding those patients. Consequently, drawing definitive

conclusions and establishing neuroanatomical correlations specific to LBD and
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anosognosia is challenging. Furthermore, the onset was homogeneously stroke for
all patients in this review. Perhaps different aetiology of onset can display differing
expressions of AHP within patients and needs further investigation. Despite these
limitations, the occurrence of anosognosia in LBD patients was observed,
highlighting the need for further investigation in this area. Studies relying solely on
conservative measures such as structural interviews may predominantly identify
AHP patients with RBD and reversed hemispheric lateralization. In contrast, more
inclusive methods may uncover patients with AHP and LHD who exhibit different
types of unawareness.

Future studies should explore whether patients with RBD and anosognosia
can also exhibit reversed hemispheric lateralization, or if this phenomenon is unique
to patients with LBD and anosognosia. Moreover, research should investigate
whether the majority of LBD patients with anosognosia demonstrate this reversed
lateralization, or if different types of unawareness can also arise from left unilateral
damage without reversed lateralization. Additionally, it is necessary to update the
concept of AHP in research, allowing for the investigation of various types of
unawareness through different assessment measures beyond explicit structural
clinical interviews. This inclusive approach should encompass mild to moderate
aphasic patients and further explore the rare occurrence of AHP in LBD patients.

10. Conclusion

The exploration of AHP reveals a multifaceted and heterogeneous syndrome
that challenges traditional diagnostic approaches. The complexities of AHP,
stemming from its dynamic interplay of diverse expressions of awareness, are not
yet fully understood. While historical perspectives focused on single-domain theories

and anatomical correlations of specific areas, contemporary theories emphasise a
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more holistic view. They highlight the involvement of multiple brain regions, the
disconnection of white matter pathways, and affected brain circuits, advocating for
an integrated explanation for the cause of AHP. Moreover, no single theory proposed
can fully explain the diverse expressions of AHP, therefore integration of multiple
theories might provide better insights. This observation is also captured in the
current findings regarding reversed lateralization as an underlying theory for AHP in
LBD patients. While this potential role of reversed hemispheric lateralization is
evident in the majority of case studies, it cannot fully explain all cases presented in
this review of AHP in LBD patients. Nonetheless, it represents an intriguing pathway
for further investigation. It is to explore whether a maijority of patients with AHP and
left hemispheric lesions are affected by different connectivity patterns in the cerebral
hemispheres, and if reversed lateralization plays a significant role in their

manifestation.

Overall, the review revealed that while patients with left hemispheric lesions
and AHP exist, they appear in a minority of studies over the last 60 years. A gap
created by the limitations of current diagnostic tools likely contributes to the sparse
research on AHP in LBD patients. Although many researchers indicate that AHP
predominantly occurs in RBD patients, the size of this gap cannot be determined.
Current diagnostic tools for AHP are based on measures developed almost 30 years
ago, primarily focusing on the expression of explicit awareness in AHP. As
demonstrated in this review, these outdated measures lead to overlooking other
expressions of AHP and excluding patients with post-brain damage speech
difficulties. Although more comprehensive tools exist, they are not applied in the

majority of cases.
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Further research is needed with a mutually updated perspective on AHP that
reflects current knowledge and adapts predominantly homogeneous diagnostic tools
to more heterogeneous ones. This would better accommodate the diverse
expressions of AHP. With this research base, the consequences of the extent of the
existing diagnostic gap can be evaluated. It should be determined whether this gap
is due to different expressions of AHP in LBD patients that were previously
overlooked due to methodological limitations, or if AHP is indeed a minority condition
when comprehensive, holistic, and integrative assessment measures, including

those for mild to moderate aphasic patients, are largely applied.

Regardless of the hemisphere in which AHP is expressed, similar
manifestations and progression were observed for both cases. The functional
outcome and prognosis for chronic AHP were similarly worse and worthy of
attention. Acknowledging the diverse expressions of AHP, including implicit
manifestations and integrating measures for mild to moderate aphasic patients, will

also promote treatment efficacy and improve functional outcomes for patients.

To conclude, this review advocates for a paradigm shift in the
conceptualization and assessment of AHP, moving towards a holistic understanding
that reflects its complex and heterogeneous nature. By embracing this
comprehensive perspective, researchers and clinicians can advance our
understanding of AHP and investigate its diverse expressions, including those with

post-stroke expressions in the left hemisphere.
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