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CURRENT
OPINION Deafferentation as a cause of hallucinations

Theresa M. Marschall, Sanne G. Brederoo, Branislava Ćurčić-Blake,
and Iris E.C. Sommer

Purpose of review

The association between hallucinations and sensory loss, especially vision- and hearing-impairment, has
been firmly established over the past years. The deafferentation theory, a decrease of the threshold for
activation in the brain and the consequential imbalance between excitatory and inhibitory brain networks,
is hypothesized to underly this relationship. Here we review the studies investigating this theory with a
focus on the most recent literature to better understand the contribution of sensory loss to hallucinations.

Recent findings

A large cross-sectional study has recently confirmed the relationship between auditory impairment and
deafferentation. However, the underlying mechanisms of deafferentation are still under debate, with
hyperexcitability and deviations in bottom-up and top-down processes being the most likely explanations. Social
isolation following sensory impairment increases the risk for hallucinations. Better knowledge and awareness
about the contribution of deafferentation and loneliness would benefit diagnosis and treatment of hallucinations.

Summary

Studies imply activity in higher order areas, corresponding to the functional mapping of sensory system,
and a general state of higher excitability as neurobiological explanation. Auditory deafferentation, tinnitus
and other auditory hallucinations, likely lie on a continuum. Social isolation mediates psychotic symptoms
in sensory-impaired individuals. Currently, there is no standard treatment for deafferentation hallucinations.
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INTRODUCTION

Hallucinations, conscious perceptions in the absence
of an appropriate external stimulus, can be frighten-
ing and disturbing for an individual. They can lead to
anxiety, social isolation, and decreased quality of life
[1–3]. Furthermore, hallucinations may complicate
the task of caregivers, increasing the need for profes-
sional care. Hallucinations can occur as symptom of
psychiatric or neurological disease, sometimes
together with formal thought disorder and/or delu-
sion. However, certain forms of hallucinations,
namely deafferentation hallucinations, arise from
partial or complete sensory loss [4], typically in
absence of thought disorder or delusions. Their exis-
tence is long known, with the first descriptions of the
visual variant, better known as Charles Bonnet syn-
drome (CBS), dating back to 1760 [5], but relatively
little research has focused on understanding this type
of hallucinations. With the expected increase of
visual and auditory impairment in the upcoming
years because of population aging [6,7], this
type of hallucination will be encountered even
more frequently in clinical settings. To increase
understanding and awareness of deafferentation

hallucinations, we will explain the mechanism of
deafferentation, that is the loss of afferent input to
sensory cortices, and review the recent literature in
the field focusing onthe visual and auditorydomains.

SENSORY IMPAIRMENT AND
HALLUCINATIONS

The first experimental investigations of links
between sensory deprivation and hallucinations
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date back to the 1950s and 1960s. In that epoch,
several studies induced sensory deprivation into
healthy participants either by isolation and minimi-
zation of sensory stimulation for 2 to 6 days (e.g.
using isolation-floating tanks [8–11]). Within a few
hours, participants reported the occurrence of hal-
lucinations. Although visual hallucinations were
most dominant in descriptions of these situations
of diminished sensory input, hallucinations in other
sensory modalities were also reported [8,9,11].

In line with these sensory deprivation studies,
the tendency to hallucinate has also been described
in patients suffering from total or partial sensory
loss. Roughly a quarter of individuals with either
visual or auditory impairment suffer from deaffer-
entation hallucinations (27 and 20.8%, respec-
tively; [12,13

&&

]). Recently, this relationship
between sensory impairment and deafferentation
hallucinations has been confirmed in a large-scale
cross-sectional study (n¼1007) by Linszen et al.
[13

&&

] with 829 of the subjects suffering from audi-
tory impairment. In this study, the prevalence of
hallucinations over the past 4 weeks related to
hearing impairment, regardless of age, was investi-
gated. Not only did patients with hearing
impairment have higher rates of auditory halluci-
nations than people with unaffected hearing,
authors found a linear relationship between degree
of hearing loss and prevalence of auditory halluci-
nations. Prevalence increased from 12% in individ-
uals with unilateral hearing loss to 24% patients
with profound hearing loss. Further, the phenome-
nology of their hallucinations was rather similar to
auditory hallucinations in psychiatric populations,
with voices being the most prevalent content
(reported by 49%). It has long been assumed that

auditory deafferentation hallucinations are mainly
of musical content [14–16]. This novel insight that
auditory deafferentation hallucinations are in fact
most often verbal indicates the need to check hear-
ing loss in people newly diagnosed with auditory
verbal hallucinations.

Shoham et al. [17
&&

] tested the effect of self-
reported severity of hearing or visual impairment
on occurrence of psychotic symptoms, including
hallucinations. Of their 7107 subjects, 1207 reported
hearing impairment,934 reported visual impairment,
and 241 reported both. They found a general associa-
tion between sensory impairment and psychotic
symptoms. Based on self-report measures they
further categorized the level of sensory impairment
as ‘mild’, ‘moderate’, and ‘severe’. For moderate
visual impairment and severe hearing impairment,
the association with psychotic symptoms remained;
for mild visual impairment and mild auditory
impairment, a weak association was found with psy-
chotic symptoms, showing a magnitude-dependent
mechanism in these groups, similar to the linear
relationship between the severity of hearing
impairment and prevalence of hallucinations found
by Linszen et al. [13

&&

]. Surprisingly, the association
vanished for the strong visual impairment and the
moderate auditory impairment group in the study by
Shoham et al. [17

&&

], contradicting the findings of
Linszen et al. [13

&&

]. This difference might be because
of Shoham et al. [17

&&

], relying on self-report measures
of severity instead of using audiometric testing.

DEAFFERENTATION AND
HYPEREXCITABILITY

Although a link between sensory impairment and
hallucinations has been established, the underlying
mechanisms are still under debate. Similar to other
hallucinations [18–22] Bayesian models, based on
changes in the interplay between bottom-up and
top-down processes [18,19], are hypothesized to be
at the root of deafferentation hallucinations
[20,21,23]. The brain is assumed to react to the
decreased input from sensory organs and the result-
ing deafferentation in a maladaptive way, by lower-
ing the threshold for activation to restore
homeostasis [4,24–26]. However, this compensa-
tion mechanism might make the neural networks
unstable, leading to changes in cortical excitability
and causing either abnormal excitatory activity or
interference with inhibitory networks of the sensory
system. Because of this instability, networks con-
necting the primary sensory cortices to other corti-
cal areas exhibit hyperexcitability [24,27,28]. In
fact, experimentally induced abnormal activity
in the visual cortex has led to hallucination-like

KEY POINTS

� Sensory impairment is associated with hallucinations,
with circa a quarter of individuals with severe sensory
impaired experiencing deafferentation hallucinations.

� Neuroimaging studies suggest a link between location
and phenomenology especially in higher order sensory
areas,

� Loneliness can be viewed as social deafferentation and
is also a factor to cause hallucinations,

� Based on phenomenological changes it is likely that
auditory deafferentation hallucinations lie on a
continuum with both tinnitus and other
auditory hallucinations.

� Awareness of deafferentation hallucinations needs to
be raised.

Schizophrenia and related disorders
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perceptions [29] with a phenomenology corre-
sponding to the functional mapping.

Similar mechanisms of imbalances of top-down
and bottom-up processing are described in auditory
verbal hallucinations in schizophrenia. Within that
framework it has been suggested that hallucinations
might arise from an increased dependence on top-
down expectations and decreased top-down inhibi-
tory control [20,21]. This overreliance on higher-
order processes combined with bottom-up misinter-
pretations or hyperexcitability is supposed to lead to
hallucinations [21,30]. These processes are assumed
to be shaped by deviations in the thalamocortical
circuit, which is involved in the inhibition of spon-
taneous activity [23]. Because diminished sensory
input following sensory impairment should lead to
higher reliance on top-down processes, an increased
activity in higher order brain areas could be
expected. Direct empirical support for the deaffer-
entation theory, however, is sparse, in both the
visual and auditory domains.

Visual deafferentation

Although a number of studies investigated the
underlying neurobiological changes and mecha-
nisms of deafferentation in patients with visual
impairment, they are mostly limited to cases or
small-scale studies in CBS [31–36,37

&

,39
&

].
Based on several single-photon emission com-

puted tomography (SPECT) studies, visual deaffer-
entation hallucinations have been shown to be
associated with hypoperfusion, i.e. a decrease in
blood flow, in the occipital areas, including the
primary and secondary visual cortices [31,32], and
more medial parts of the occipital lobe [31]. Hyper-
perfusion was reported in the striatum and thalamus
[33]. Regarding the higher order visual areas located
in the lateral parts of the occipital lobe, findings are
contradictory, with some suggesting an increase [33]
and others a decrease [31] in blood flow. Further
investigations of metabolic processes using positron
emission tomography (PET) imaging revealed simi-
lar patterns. Here hypermetabolism was reported in
the inferior temporal areas and thalamus [34], while
lower activity was found in frontal areas, including
Broca’s area, both the anterior and posterior cingu-
late, and again the primary visual cortex [35].

Functional neuroimaging studies suggest
increased brain activity in visual areas correspond-
ing to the functional mapping based to the halluci-
nations’ content [32,36,37

&

]. When recording brain
activity during the hallucinatory perception of
faces, ffytche et al. [36] reported increased activity
in the fusiform face area, an area known to be active
during face perception. Likewise, Kazui et al. [32]

found hyperactivity in higher order visual areas
when their patient experienced complex visual hal-
lucinations of flowers and fish.

Martial et al. [37
&

] investigated deviations in
cortical thickness and functional connectivity in a
patient with CBS, taking the effect of visual
impairment into account, by comparing them to
late blind without hallucinations and normally
sighted subjects. Similar to other case studies, corti-
cal thinning was observed in associative and multi-
modal cortices of the patient with CBS, but not of
the other subjects. Interestingly, compared to the
other subjects the patient with CBS showed an
increase in functional connectivity not only in
the visual areas, but also in the salience network.
Since this network is involved in the processing of
salient internal and external stimuli, it is not sur-
prising that it might be involved in deafferentation
hallucinations [38].

The effect of hyperexcitability was recently
empirically assessed in patients with age-related
macular degeneration [39

&

]. Here, brain activity of
patients with visual impairment because of macular
degeneration with and without visual hallucina-
tions, and healthy controls was recorded during
peripheral visual field stimulation. At the same time,
they controlled for modulatory effects of attention.
Interestingly, even without the actual experience of
hallucinations during the task, patients with macu-
lar degeneration with hallucinations showed
increased activity in their visual cortex compared
to healthy controls and to macular degeneration
patients who never experienced hallucinations. This
study extended the idea that deafferentation hallu-
cinations are the result of hyperexcitability and
showed that hyperexcitability is not just related to
the actual occurrence of hallucinations but is gen-
erally present in patients with sensory impairment.
These suggest that not hyperexcitability itself under-
lies the occurrence of hallucinations, but rather
facilitates their onset.

Auditory deafferentation

Like deafferentation hallucinations in the visual
domain, auditory deafferentation has predomi-
nantly been studied in either case or small-scale
studies [19,40–44]. Suggested areas associated with
auditory deafferentation include, but are not limited
to auditory pathways [40,41], basal ganglia
[40,43,44] and frontal areas [19,40,42,43]. In an
empirical study contrasting the brain activity of
hearing-impaired patients with complex auditory
hallucinations, tinnitus patients, and healthy con-
trols, Vanneste et al. [45] suggested that tinnitus
and auditory hallucinations in hearing-impaired

Deafferentation as a cause of hallucinations Marschall et al.
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patients share similar activity patterns. Differences
between the two groups seemed to be related to
brain activity in areas of higher order functions,
such as music and language processing, indicating
a relationship between the content of the halluci-
nation and brain activity.

Deafferentation hallucinations as part of a
continuum

Recently, Coebergh et al. [46
&

] discussed the rela-
tionship between musical hallucinations, including
auditory deafferentation hallucinations and epi-
lepsy. Although they support the idea of a disba-
lance between bottom-up and top-down processes,
they also raise another interesting point, namely
that auditory deafferentation hallucinations lie on
a continuum with other auditory hallucinations.
Support for this was found in the changes in phe-
nomenology of the hallucinations described by the
patients. Patients reported that their hallucinations
shifted from a perception of music to either more
complex or less complex auditory hallucinations
(auditory verbal hallucinations or tinnitus, respec-
tively). Especially, tinnitus could be considered a
simpler form of deafferentation and might help
early detection of physical impairments, which
can lead to complex deafferentation hallucinations,
such as tumors effecting the auditory nerve and
other impairment of the auditory pathways [47].
Behrendt et al. even argued the majority of halluci-
nations not only lie on a continuum with deaffer-
entation [23], but are also independent of external
sensory information, that is fully represent
internal processes.

SENSORY IMPAIRMENT AND SOCIAL
DEAFFERENTATION

The social deafferentation hypothesis, first
described by Hoffman [48], states that social with-
drawal can induce complex hallucinations resem-
bling people to make up for the lack of social
interaction. Because sensory impairment highly
influences the abilities and possibilities to continue
a certain level of social interaction, this is an impor-
tant aspect to point out. Increased isolation follow-
ing sensory impairment can result in feelings of
loneliness, depression, and anxiety [49–51]. Espe-
cially in the elderly, decreased social participation
can be seen following sensory deterioration [50,51].
Social isolation has been associated with hallucina-
tions and other psychotic symptoms [25]. Interest-
ingly, Shoham et al. [17

&&

] found a mediating effect
of social functioning on psychotic symptoms,
including hallucinations, in sensory impairment.

With roughly half of the relationship being attrib-
uted to decreased social functioning (50% in visual
impairment and 42% in hearing impairment), their
results show that social functioning can play a sub-
stantial role in psychotic symptoms in sensory
impairment. This is in line with an epidemiological
study [52] investigating the effect of urbanization,
an environment frequently associated with
decreased social networks [53], on psychotic symp-
toms in hearing-impaired individuals. They found
that self-reported psychotic symptoms, showed not
only an association with objective hearing-
impairment, but that this relationship was ampli-
fied in individuals that lived in a densely populated
area [52].

IMPLICATIONS FOR DIAGNOSIS AND
TREATMENT

Many patients and even some healthcare workers
are not aware of the link between sensory
impairment and hallucinations [54

&&

,55]. This can
be a barrier for patients to seek appropriate help, as
they may be afraid of being diagnosed with mental
illness or dementia [56]. Lack of awareness among
physicians can result in inappropriate treatments
and misdiagnoses. Indeed, often patients suffering
from deafferentation hallucinations do not receive
clear and appropriate information about their con-
dition, a factor that has been linked to a more
negative quality of life [57].

A study on awareness of CBS among family
physicians in Canada has shown that more than
50% did not know about CBS and roughly 20% were
only slightly aware of it, for example a colleague
has previously mentioned it to them [54

&&

]. This
low level of awareness is concerning given the
fact that the majority of respondents consults at
least one patient with visual hallucinations a year
and does not consider deafferentation as possible
diagnosis.

Even if deafferentation hallucinations are cor-
rectly diagnosed, there is still no agreement on the
best treatment. Treatment for deafferentation hal-
lucinations differs from treatment for hallucina-
tions of a primary psychotic syndrome such as
schizophrenia or delirium. Antipsychotic treat-
ments, targeting increased dopamine synthesis,
are not expected to be very effective, as dopamine
has never been shown to be involved in deafferen-
tation hallucinations [58–60]. Generally, the
improvement of the patient’s sensory abilities, for
example good lights in the room or the use of
hearing aids, has been successful in resolving deaf-
ferentation hallucinations [26,58,59]. However, this
is not always possible. Commonly physicians offer

Schizophrenia and related disorders
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counselling and education, or refer the patient to a
specialist, that is psychiatrist, ophtomologist, or
neurologist [54

&&

]. Frequently, learning about their
condition or simple behavioral interventions, such
as listening to music, helps patients to manage their
hallucinations [58]. Psychotherapy, especially in the
form of support groups, can also be beneficial [59].
Although most pharmacological interventions
show modest to no effects, acetylcholinesterase
inhibitors seem promising for auditory deafferenta-
tion hallucinations [58]. Since acetylcholine plays
an important role in the thalamocortical circuit,
this supports the involvement of this circuit in
deafferentation hallucinations [23]. Other pharma-
cological treatments that were less effective than
acetylcholinesterase inhibitors, but still showed
results were antiepileptics and antidepressants
[23]. As reflected by this wide array of options there
is no standard treatment for deafferentation hallu-
cinations and success rates of the individual treat-
ments differ per patient.

CONCLUSION

In two recent large studies, the link between sensory
impairment and hallucinations has been firmly
established, showing deafferentation to be a rela-
tively common cause of hallucinations in nonpsy-
chotic patients, especially in elderly. Overall, there
seems to be a neurobiological relationship between
the phenomenology of the hallucinatory experience
and the brain areas active. Based on phenomenol-
ogy auditory deafferentation and other auditory
hallucinations are likely part of a continuum.

Raising awareness of the existence of deafferen-
tation hallucinations is essential for effective patient
care and treatment, as patients suffering from deaf-
ferentation tend to be reluctant to disclose their
hallucinations and seek help. It is important to
provide them with appropriate information about
their condition to further avert the negative impact
on their quality of life. Regarding treatment, there
are many options, but no gold standard as of yet.
However, often simple measures to increase a
patient’s social environment and sensory abilities
could already be of help.
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