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Apathy and the basal ganglia

Introduction

Apathy is a common feature of many pathological states
involving lesions or dysfunctions located within the pre-
frontal-basal ganglia system. It can be observed in neu-
rodegenerative diseases such as Parkinson’s disease
(PD) [1, 2, 47, 83, 98], Huntington’s disease [23, 43, 104]
and progressive supranuclear palsy (PSP) [3, 65, 66].Ap-
athy is also frequently encountered after focal lesions of

specific structures of the basal ganglia such as the cau-
date nuclei, the internal pallidum and the medial-dorsal
thalamic nuclei [6, 13, 38, 57, 76]. In this review article,
we will attempt to revisit the concept of apathy in order
to propose a better understanding of its physiopathol-
ogy and subsequently to improve our knowledge of the
role of the prefrontal-basal ganglia system.
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■ Abstract We should like to em-
phasize the following points: 1. Ap-
athy is defined here as a quantified
and observable behavioral syn-
drome consisting in a quantitative
reduction of voluntary (or goal-di-
rected) behaviors; 2. Therefore, ap-
athy occurs when the systems that
generate and control voluntary ac-
tions are altered; 3. These systems
are mostly represented by the dif-
ferent subregions embedded in the
Prefrontal cortex (PFC) and in the
basal ganglia regions that are
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closely connected with the PFC; 4.
In consequence, clinically, apathy is
a prefrontal syndrome either due
to direct lesions of the PFC or to le-
sions of basal ganglia areas that are
closely related to the PFC; 5. Apathy
is not a single entity but rather het-
erogeneous. Several different
mechanisms may lead to apathy;
Because there are several anatomi-
cal-functional prefrontal-basal
ganglia circuits, the underlying
mechanisms responsible for apathy
may differ according to which pre-
frontal-basal ganglia circuit is af-
fected; 6. In this context, apathy is
the macroscopic results of the dis-
ruption of one or several elemen-
tary steps necessary for goal-di-
rected behavior that are subserved
by different prefrontal-basal gan-
glia circuits; 7. Intense apathy is re-
lated to caudate nucleus and GPi,
disrupting associative and limbic
pathways from/to the PFC; 8. in
progressive supranuclear palsy

(PSP) and focal lesions (caudate
nuclei, GPi), apathy may be due to a
loss of PFC activation; 9. In Parkin-
son’s disease (PD), apathy may be
due to a loss of signal focalization;
10. More globally, we propose that
apathy may be explained by the im-
pact of lesions or dysfunctions of
the BG, because these lesions or
dysfunctions lead to a loss of am-
plification of the relevant signal
and/or to a loss of temporal and
spatial focalization, both of which
result in a diminished extraction of
the relevant signal within the
frontal cortex, thereby inhibiting
the capacity of the frontal cortex to
select, initiate, maintain and shift
programs of action.

■ Key words Striatum · pallidum ·
prefrontal cortex · executive
functions · cognition ·
neuropsychologia · Parkinson’s
disease · progressive supranuclear
palsy

54_61_Levy_7012_JON_S_07_06  17.11.2006  9:23 Uhr  Seite 54



VII/55

The concept of apathy

Apathy is conventionally defined as an “absence or lack
of feeling, emotion, interest or concern”. Robert Marin
proposed that apathy corresponds to a “lack of motiva-
tion not attributable to diminished level of conscious-
ness, cognitive impairment or emotional distress” [69,
70]. This definition appears problematic for several rea-
sons: First, “motivation” is a psychological concept that
encompasses several different theories from behavioral
to social psychology and it is therefore difficult to pro-
pose a consensus on its definition and overall to trans-
fer this concept to the level of its physiopathological ba-
sis. Second, defining apathy as a “lack of motivation” is
an inference resulting from a psychological interpreta-
tion of a given behavioral state. Third, apathy may be the
clinical expression of several different underlying mech-
anisms.

An alternative approach is to view apathy as a quan-
titative reduction of actions compared to previous be-
havior, despite the patient’s environmental or physical
constraints remaining unchanged. In other words, we
propose to define apathy as “the quantitative reduction
of self-generated voluntary and purposeful behaviors”.
It is therefore observable and can be quantified.Accord-
ing to this definition, apathy is a pathology of voluntary
action or goal-directed behavior (GDB) and the under-
lying mechanisms responsible for apathy may be seen as
dysfunctions occurring at the level of elaboration, exe-
cution and control of GDB [17]. As several steps are ne-
cessary to achieve GDB (processing of external and in-
ternal determinants that influence the intention to act,
elaboration of the plan of actions, initiation, execution,
feedback control, etc.), apathy may arise from dysfunc-
tions occurring at any of the steps required to achieve a
GDB. It is thus likely that the physiopathology of apathy
is not a single entity but multiple, depending on which
specific process is disrupted during the completion of
GDB. In line with this notion, we propose dividing apa-
thetic syndromes into three subtypes: ‘emotional’, ‘cog-
nitive’ and ‘auto-activation’.Apathy related to disruption
of ‘emotional’ processing refers to a reduction in GDB
due to an inability to associate affective and emotional
signals with ongoing and forthcoming behaviors. Any
change in the linkage between emotion-affect and be-
havior may lead to apathy, either by reducing the will-
ingness to perform (loss of will, loss of goals, emotional
blunting) and maintain actions to their completion or by
diminishing one’s ability to evaluate the consequences of
future actions [31]. Apathy related to disruption of ‘cog-
nitive’ processing refers to the reduction in GDB due to
impairments in the cognitive functions needed to elab-
orate the plan of actions. These functions are usually
gathered under the heading of ‘executive functions’. Pa-
tients may therefore be apathetic as a result of working
memory deficits (maintenance and mental manipula-

tion of goals and subgoals), difficulty in generating new
rules or strategies or difficulty in shifting from one men-
tal and behavioral set to another. Apathy related to an
‘auto-activation’ deficit refers to difficulties in activating
thoughts or initiating the motor program necessary to
complete the behavior. Patients with an ‘auto-activation’
deficit exhibit the most severe form of apathy, charac-
terized by difficulties in self-initiating actions or
thoughts (‘mental emptiness’), contrasting with rela-
tively spared externally-driven responses. It seems likely
that the ‘auto-activation’ deficit results from a failure to
reach the threshold of initiation/activation of thoughts
or actions when subjects should behave on an internal
basis but not in automatic response to perception.

Based on the large body of evidence, each of the three
groups of mechanisms responsible for apathy can be
ascribed to dysfunctions of different territories within
the PFC and the basal ganglia as follows: ‘emotional-
affective’ to the orbital-medial PFC and to a lesser ex-
tend to the limbic territories of the basal ganglia (ven-
tral striatum, ventral pallidum), ‘cognitive’ to the lateral
PFC and the cognitive territory of the basal ganglia
(dorsal caudate nucleus, dorsal pallidum) and ‘auto-
activation’ to both cognitive limbic territories of the
basal ganglia and to a lesser extend to the dorsal-medial
PFC. However, this distinction should be considered as a
general framework as lesions or dysfunctions within the
prefrontal-basal ganglia system are rarely superimposed
to this relative functional segregation.

Apathy is not depression

Apathy can be a one of the clinical signs of a depression
[71, 72]. In this case, apathy is a symptom due to depres-
sion. Apathy in depression may be the consequence of
anhedonia (insensitivity to pleasure) or of a marked
sensitivity to emotionally negative situations inducing a
negative biais interfering with attention resources and
executive functions.However, in many medical situation
apathy can be totally independent from depression: for
instance, in neurological diseases such as Alzheimer’s
and PD, apathy and depression are not similar in terms
of the correlation with other signs and symptoms and
the location of the lesions [7, 55, 62, 72]. In sum, apathy
is a symptom that can be observed in depression but
apathy can occur without depression and when both are
present in a given patient, they may be clinically and
anatomically independent.

Apathy in Parkinson’s disease

The frequency of apathy in PD varies between 16.5 and
42 %, according to different studies [2, 3, 25, 26, 47, 83, 87,
97]. Apathy does not correlate with the duration and
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severity of the disease [97] and the frontal atrophy on
MRI or CT-scan. However, apathy do correlate with the
dysexecutive syndrome [17, 47, 97], the existence of de-
mentia [17], the index of the activities of daily living and
the daily dose of L-dopa [47].

There are many dysfunctions that can be considered
as potential candidates to produce apathy in PD (lesions
to: dopamine ascending pathways including nigro-stri-
atal and meso-cortico-limbic pathways, cholinergic
pathway, noradrenergic and serotoninergic ascending
pathways, direct cortical lesions in associative cortices).
For instance, a recent study has reported that apathy was
inversely correlated with a marker of both dopamine
and noradrenaline transporter ( [11C]RTI-32 binding)
in the ventral striatum [85]. Using Starkstein’s apathy
scale [97], we demonstrated a significant difference in
the severity of apathy between the ‘off ’ and ‘on’ states in
fluctuating PD patients, indicating that apathy in PD is
at least partly a dopamine-dependent syndrome [25].
This dopamine-dependent effect is likely to occur via
the impact of striatal dopamine dysfunction and the
cascade of dysfunctions within the basal ganglia cir-
cuits: According to this hypothesis, in a recent study, we
have shown that bilateral deep brain stimulation in the
subthalamic nuclei may significantly improves apathy in
PD [25]. By which mechanisms, striatal dopamine de-
pletion induces apathy in PD patients?

Classically, dopamine is associated with reward pro-
cessing [52, 86, 88, 95]. The influence of dopamine on re-
ward processing may act through a modulation of the
orbital-medial PFC and the ventral striatum via the
meso-cortico-limbic pathway. As a consequence, one
may hypothesize that apathy in PD patients falls into the
subtype of the “emotional”mechanism and may result
from a dysfunction of the orbital-medial PFC-ventral
striatum circuit. However, there are several data that
suggest that apathy in PD is not due to a disruption of
‘emotional-affective’ processing: 1) apathy is present in
PD even at relatively early stages and in the absence of
dementia [2,3,25,26,47,83,87,97], i.e.,at stages in which
the dopamine mesocorticolimbic pathway is relatively
spared [92]; 2) Tasks used to assess reward sensitivity
and changes in reward contingencies, such as the gam-
bling [12], reversal [90] and object alternation tasks,
which are sensitive to lesions of the orbital-medial PFC-
VS loop, were not found to be impaired in PD patients,
even in patients tested while ‘off ’ levodopa therapy [25,
34].

What other alternative hypotheses can be proposed
to explain apathy in PD patients? At a very global level,
one hypothesis could be that apathy in PD results from
the disruption of the ‘cognitive’ processing usually me-
diated by the dorsolateral PFC-dorsal caudate nucleus
circuit, as cognitive dysfunction in PD resembles that of
patients with direct dorsolateral PFC lesions [82]. At a
more elementary level, apathy (as many of the parkin-

sonian signs) can result from the inability for the basal
ganglia to validate the relevant signal that is transferred
to the PFC. A series of important experiments by Filion
and Tremblay [32, 105, 106] illustrates this point: In a
first group of experiments, the dorsal striatum was elec-
trically stimulated at a distant location in normal mon-
keys. Each stimulation induced the firing of distinct
groups of pallidal neurons and two distant striatal stim-
ulations resulted in no overlap of activation in the
globus pallidus. This spatial focalization of activation
may be an important feature of the selection of actions
because it could be translated to the output structure
and particularly to the frontal cortex. A second group of
experiments, performed in MPTP-lesioned monkeys,
showed this time that two distant stimulations within
the striatum led to overlapping responses within the
pallidum. This loss of spatial focalization by decreasing
the ratio of the relevant signals to noise may lead to a
failure to extract the relevant signal in the output struc-
tures (the frontal cortex). We hypothesize that this con-
tributes to some form of apathy because it may be diffi-
cult for the output structures to disambiguate the
relevant signal and this may cause problems in decision-
making, inducing aborted or delayed responses.

Apathy in other diseases affecting the basal
ganglia

■ Apathy in PSP

Apathy represents one of the most important clinical
features of PSP, where it is considered as almost constant
(more than 90 % of the patients) [64, 65] and often more
severe than in PD [3]. This neurodegenerative disease is
characterized by severe neuronal loss in the basal gan-
glia contrasting with a mild degree of direct prefrontal
pathology [44, 64]. This suggests that apathy is the con-
sequence of a “prefrontal-like” syndrome due to lesions
mostly affecting the basal ganglia. In consequence, the
massive hypometabolism of the anterior portion of the
frontal lobes [27,33,59], in particular in the superior lat-
eral and medial PFC [14, 46, 59] that correlates with the
behavioral syndrome, can be interpreted as the result of
a deafferentation prefrontal syndrome due to basal gan-
glia lesions.

■ Apathy following focal lesions of the basal ganglia

Apathy (often called ‘abulia’ or ‘psychic akinesia’ when it
is intense), can be seen after uni- or bilateral caudate le-
sions [13, 20]. According to Bathia and Marsden [13], it
affects about 28 % of the patients with focal lesions of
the caudate nucleus. Patients exhibit a lack of initiative
for usual daily activities leading to a drastic decrease in
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their spontaneous behaviors, which may be partially re-
versed by external and strong solicitation [13, 54]. It is
associated with a slowness and a latency of responses af-
ter stimulation. This behavior cannot be related to de-
pressive disorders but it could be associated with flat-
tened affect and emotional blunting.

Apathy has been observed with lesions located in the
dorsal area of the head of the caudate nucleus [76].
Based on data from anatomical, electrophysiological
and lesion studies in the monkeys [5, 29, 36, 40, 48, 50, 63,
96,112] as well as from functional imaging studies in hu-
mans [78], the dorsal portion of the caudate nuclei (in
particular the head) should be considered as key struc-
tures in an anatomical-functional network, in combina-
tion with the dorsolateral PFC,which mostly contributes
to executive functions. It is thus likely that apathy re-
sulting from lesions in the dorsal portion of the caudate
nuclei is due to a dysexecutive syndrome (in particular,
difficulties in generating new rules or strategies or diffi-
culty in shifting from one mental and behavioral set to
another) rather than to an emotional or motivational
dysfunction. This pattern of dysfunction can be refered
to as ‘Cognitive inertia’ and represents the expression of
apathy in the sphere of executive functions.

So far, in human, there is no report of apathy follow-
ing lesions located in isolation to the ventral striatum,
However,one should note that reports of isolated ventral
striatal lesions are very few [19,76].Nevertheless,several
lines of data indirectly suggest that the ventral striatal
dysfunction may contribute to an “emotional” form of
apathy: 1) the ventral striatum receives dense and direct
connections from the orbital-medial PFC [41, 96]; 2) Le-
sions to this PFC region is associated with emotional
blunting, reward insensitivity and apathy [67, 91]; 3) the
role of the ventral striatum in reward processing has
been pinpointed by many experimental approaches [8,
18, 45, 94, 100].

One of the most intense forms of apathy, called
‘athymhormia’ or ‘psychic auto-activation’ deficit, has
been reported after focal basal ganglia lesions [6, 15, 56,
57, 97]. This syndrome consists in a loss of spontaneous
activation in three different domains: behavior, cogni-
tion and emotion. Patients tend to remain quietly in the
same place or position all day long, without speaking or
taking any spontaneous initiative.When questioned, pa-
tients express the feeling that their mind is empty when
they are not stimulated. Affect is usually flattened with
anhedonia and emotional responses are blunted; any re-
activity to emotional situations is poor and short live.
One of the most important features of this syndrome is
that it can be partially and temporarily reversed by ex-
ternal stimulation and, when solicited, patients can pro-
duce relevant answers and behaviors. It is often associ-
ated with stereotypic and pseudo-compulsive behaviors
or thoughts (such as arythmomania). In other words,
there is a sharp contrast between the drastic quantitative

reduction of self-generated actions and the relatively
normally executed externally-driven behaviors. This
syndrome, according to the tripartite subdivision of
mechanisms responsible for apathy, clearly falls into the
category of ‘auto-activation’ deficit. This apathetic syn-
drome is in general due to restricted and specific lesions
in the basal ganglia, in most cases affecting, bilaterally,
the internal portion of the pallidum [6, 51, 56, 68, 84, 93,
103]. It can also be seen after bilateral striato-pallidal le-
sions [49, 53, 58, 60, 81, 84, 108], uni- or bilateral lesions
of the head of the caudate nucleus [20, 39, 42, 58, 76, 79,
84, 107], and lesions of the MD and anterior nuclei of the
thalamus and the deep frontal white matter [15, 109].
These areas within the basal ganglia are without doubt
limbic and cognitive territories, which probably ex-
plains the absence of extrapyramidal motor signs in this
syndrome. On the one hand, one may hypothesize that
the ‘psychic auto-activation’ deficit reflects the summa-
tion of the disruption of emotional and cognitive pro-
cessing. On the other hand, it may be due to an impair-
ment of more elementary functions, devoted to
auto-activation (related to specific areas within the dor-
sal-medial PFC). According to the latter hypothesis,
auto-activation may represent a central function of the
basal ganglia (see below) and the fact that the lesions re-
sponsible for this syndrome are located in cognitive and
limbic territories could be interpreted as the non-motor
expression of an ‘auto-activation’ deficit. It is thus inter-
esting to note the close relationship between ‘auto-acti-
vation’ deficit and some of the signs usually classified as
motor signs, notably those referred to as akinesia, such
as a diminished number of movements, delayed initia-
tion and freezing, suggesting that these ‘motor’ signs
may arise from the same elementary mechanisms as
those leading to ‘auto-activation’ deficit.

‘Auto-activation’deficit suggests that basal ganglia le-
sions induce a failure to activate the output structures,
in particular the frontal lobes, when behavior depends
upon internalized guidance. This failure of cortical acti-
vation is clearly demonstrated by the deep prefrontal hy-
pometabolism observed in PSP and in the auto-activa-
tion deficit due to focal basal ganglia lesions [10, 14, 27,
57, 59]. In the above pathological situations there are de-
structive lesions in the limbic and cognitive territories
of the input (striatum) and/or output structures (GPi) of
the basal ganglia. It is thus possible to propose that the
disruption of the PFC-basal ganglia-PFC loops at the
level of the basal ganglia may lead to apathy because
basal ganglia processing is no longer able to generate the
relevant neural signal at the level of its output targets in
the prefrontal cognitive and limbic territories (or in the
medial PFC). How can one model the deficit of activa-
tion of the PFC targets? Several studies have strongly
emphasized the concept of a relative segregation of the
frontal-basal ganglia loops organized in parallel path-
ways throughout the basal ganglia [4, 77]. This ‘segrega-
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tion’ model suggests that one of the main aspects of in-
formation processing within the basal ganglia could be
the selection of specific signals, which may correspond
to the actions or thoughts generated by the frontal lobes
[9, 16, 50, 105, 106, 110]. However, an alternative view,
taking into account the progressive convergent funnel-
ing of fibers and the increased ratio of the number of
cortical neurons to the number of striatal or pallidal
neurons points rather to a concentration/convergence
model favoring integrative processing rather than selec-
tion [80, 111]. These two apparently opposite views can
easily be reconciled in the light of self-generation of ac-
tion and its related pathological state, apathy. Indeed,
segregation and convergence may be complementary:
temporal-spatial focalization could be essential to select
the relevant signal, whereas convergence may be neces-
sary to amplify it.Both types of processing may favor the
emergence of a clear-cut signal from the background
noise in the output structures (the frontal targets). Con-
sequently, in normal conditions, the PFC internalizes the
information from the external and internal environ-
ments needed to make a decision about potential actions
to be elaborated and performed. Neural signals corre-
sponding to the thoughts or actions generated by the
PFC are then processed by the basal ganglia in order to
validate the most relevant signal. Validation processing
may be translated into the extraction of the relevant sig-
nal from noise to be re-addressed to the output target,
namely the PFC. The very specific general architecture
of the basal ganglia combining the relative spatial segre-
gation into parallel anatomical and parallel circuits and
the relative progressive concentration of fibers through-
out the basal ganglia may favor the extraction of the rel-
evant signal from background noise by selecting (paral-
lel loops) and amplifying (i.e. concentrating) it. These
‘extracted’ signals are ultimately transferred to the PFC
where a clear-cut signal can be detected and contributes
to disambiguating decision-making and maintaining or
modifying the ongoing behavior. In pathological situa-
tions, if there is a focal destruction within the basal gan-
glia subregions involved in affective-cognitive process-
ing, the signal emerging from the basal ganglia is
diminished, the ongoing behavior is not validated (i.e.
not amplified) at the level of the PFC and could be diffi-
cult to maintain, and the forthcoming one (if it is not re-
flexive) is not activated. Above all, if the destruction is
massive in these areas, no signal is ultimately trans-
ferred to the prefrontal cortex.

Assessment and management of apathy

■ Assessment tools

Assessing apathy relies at first hand on the information
collected about the patients from the caregivers and

from specific questionnaires performed by the patients:
three questionnaires specifically assess apathy: the “Ap-
athy evaluation scale” [69], the Apathy scale [98] and the
“Apathy inventory” [87]. The emotional dimension can
be assessed in such questionnaires by items such as
“does anything interest you?”; Are you concerned about
your condition?” Are you interested in learning new
things?” Emotional mechanisms may also be assessed 
by tasks such as the gambling [12] or reversal [25, 90]
tasks, which investigate the ability to modulate one’s be-
havior as a function of reward. The cognitive dimension
is not well represented in the apathy questionnaires but
it may be tested by cognitive tasks such as the Wisconsin
Card Sorting task (rule-finding, maintenance and set-
shifting), the Tower of London task (planning) or the lit-
eral fluency task (self-activation of cognitive strategies),
that may be useful to detect a cognitive ‘inertia’. The
“auto-activation” dimension is characterized by an in-
tense apathy affecting both the “cognitive”and the “emo-
tional” dimensions. Several items on the apathy ques-
tionnaires may point out the contrast between auto- and
hetero-activation of behavior (“Does someone has to
tell you what to do each day?”“Do you need a push to get
started on things?”).

■ Treatment

Current treatments of apathy are unsatisfactory. The
available treatments for apathy, regardless of the under-
lying etiology, have only been tested in open-trials or in
case studies: among them, one should consider
methylphenidate, an amphetamine derived drug used in
attention deficit-hyperactivity disorder syndrome [21],
bupropion [22], amantidine [73], selegiline [73] and
bromocriptine [11, 28]. When targeting more specifi-
cally apathy in PD patients, L-dopa has some positive
but incomplete effect [25]. Results regarding STN DBS
are encouraging for the short-term outcome [26, 35].
However, it seems to early to declare DBS effective on ap-
athy. Particularly, the long term effect of DBS on apathy
remains to be determined.Anticholinesterase inhibitors
are promising, based on results obtained in large dou-
ble-blind, placebo control studies on behavioral syn-
dromes (including apathy) in Alzheimer’s disease and in
dementia with Lewy bodies [24, 30, 37, 61, 75] and from
the first results in PD [1, 61, 74].
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