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Abstract. Levodopa-induced dyskinesia (LID), a frequent complication of Parkinson’s disease (PD), occurs in ~30% of
patients after five years’ treatment with levodopa. In atypical parkinsonism, LID occurs less frequently than in PD. Lower
frequency of LID in atypical parkinsonism has traditionally been attributed to lower amounts of levodopa used by these
patients; however, recent studies have shown lower frequency of LID in atypical parkinsonism compared with PD when
adjusting for levodopa dose. The mechanism of LID is complex but requires pulsatile levodopa stimulation, progressive
presynaptic dopaminergic degeneration, and a relatively intact postsynaptic dopaminergic system. The globus pallidus internus
(GP1i), the main inhibitory nucleus of the basal ganglia, may play a major role in the development and treatment of LID.
Surgical lesioning of the posteroventral GPi is directly antidyskinetic; animal models showing GPi-associated striatal neurons
are directly responsible for the development of LID. However, other cortical areas, particularly the primary sensory and motor
cortices may also play a role in LID. In some cases of atypical parkinsonism, particularly progressive supranuclear palsy and
corticobasal degeneration, severe degeneration of the GP1i, a so-called “autopallidotomy,” may explain the absence of LID in
these patients. In other atypical parkinsonisms, such as PD dementia and dementia with Lewy bodies, the lower incidence
of LID may partly be attributed to more striatal degeneration but likely also relates to the degeneration of the motor cortex
and resultant network dysfunction. Overall, atypical parkinsonism serves as a natural model that may ultimately reveal more
effective therapies for LID.
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Parkinson’s disease (PD) is a progressive neu-
rodegenerative disorder characterized by motor
symptoms, which robustly respond to treatment with
levodopa. Motor complications such as levodopa-
induced dyskinesia (LID), freezing of gait, and motor
fluctuations evolve over time and are characteris-
tic of more advanced PD with limited treatment
options. LID, defined as involuntary, purposeless,
predominantly choreiform movements, are feared
complications of advanced PD and occur in up to
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30% of patients after 5 years of treatment [1]. Higher
risks of dyskinesias are associated with a younger
age of PD onset and a higher daily dose of lev-
odopa, leading to the erroneous assumption that early
exposure to levodopa results in dyskinesias and, ulti-
mately, avoidance of levodopa treatment until a later
stage of PD. However, more recent data suggest
the development of LID correlates with progres-
sive presynaptic nigrostriatal degeneration with fairly
spared postsynaptic nigrostriatal system in conjunc-
tion with pulsatile levodopa stimulation in the form of
carbidopa-levodopa (as opposed to physiologic tonic
stimulation) rather than prolonged exposure to lev-
odopa per se [1, 2].
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Treatment of LID primarily consists of reducing
the levodopa dose or by adding the NMDA-receptor
antagonist amantadine. Advanced PD therapies,
including continuous subcutaneous apomorphine
infusion and continuous intestinal infusion of lev-
odopa, are less likely to correlate with dyskinesia due
to greater physiologic tonic stimulation of dopamine
receptors, despite the high doses of levodopa required
in the continuous intestinal infusion [2]. Surgical
treatments, including lesioning of the globus pallidus
internus (GPi) through direct radiofrequency abla-
tion and, more recently, through focused ultrasound
as well as deep brain stimulation (DBS) targeting the
GPi, ventrothalamic nuclei (VIM), and subthalamic
nucleus (STN), have become treatment mainstays for
motor symptoms of advanced PD, some of which
have shown benefit for LID [3].

Although dyskinesia is common in PD, it is
thought to occur less frequently in in other forms
on the PD spectrum including PD dementia (PDD)
and dementia with Lewy bodies (DLB). In one
population-based cohort of parkinsonism, dyskine-
sias reportedly occurred in approximately 30% of
PD patients compared with 12.6% in those with
PDD or DLB despite adjusting the dosage of lev-
odopa, suggesting factors other than purely lower
doses of levodopa in PDD and DLB correlate with the
decreased risk of dyskinesia compared with PD [1,
4]. LID is incredibly rare in progressive supranuclear
palsy (PSP) or corticobasal degeneration (CBD),
even at high doses of levodopa [5]. LID, primarily
orofacial in nature, has been reported to occur into
up to 27% of patients with multiple system atrophy
(MSA), particularly those with higher doses of lev-
odopa and longer disease duration, similar to risk
factors for LID in PD [6, 7]. The reasons for the
reported differences in dyskinesia frequency between
different types of parkinsonism are likely multiple
and include levodopa dosage, age, treatment dura-
tion, and length of follow-up; however, selective
neuroanatomic degenerative differences and etiolo-
gies may also play a significant role.

THE ROLE OF THE GLOBUS PALLIDUS
INLID

The globus pallidus internus (GPi) is the major
inhibitory output nucleus in the basal ganglia and is
thought to be the major nucleus involved in gener-
ating and treating LID. Recent optogenetic studies
in the 6-OHDA parkinsonian mouse model utilizing

targeted recombination in active population (TRAP)
have identified a subpopulation of medium spiny neu-
rons in the striatum involved in the direct pathway
responsible for LID development [8]. These investi-
gators found that stimulation of these striatal neurons
induces dyskinesia in the absence of levodopa while
inhibition of this subpopulation of neurons prevents
the development of LID [8]. Similarly, inhibition of
non-TRAPed striatal neurons was insufficient to ame-
liorate LID [8]. On the other hand, this study did not
assess the indirect pathway, so contributions of the
indirect pathway to LID cannot be excluded by this
study.

In the late 90s, unilateral posteroventral medial
pallidotomy (of GPi), initially pioneered by Sven-
nilson and Leksell in the 1960s, showed great
promise for the treatment of LID, with several
studies showing > 75% reduction in dyskinesias, pri-
marily contralateral to the lesion [9, 10]. This effect
remained 2 to 5 years after surgical lesioning [9, 11].
Surgical thalamotomy has proven highly efficacious
for tremor; LID improvement is seen with lesioning
of the ventralis oralis anterior and posterior nuclei
(but not ventralis intermedius nucleus) but overall is
not as antidyskinetic as pallidotomy [12]. DBS has
identified new targets for ameliorating PD symptoms,
namely the STN; however, the GPi has remained an
important target, especially for patients with signifi-
cant dyskinesias [13]. In fact, GPi stimulation appears
to allow for increasing doses of levodopa without
development of LID [14]. GPi stimulation induces
greater direct antidyskinetic effects but less efficacy
in treatment of PD symptoms compared with STN
DBS [13, 15]. On the other hand, stimulation of the
STNdoes appears to have no direct antidyskinetic
effect, and stimulation may lead to increased dyskine-
sias in some cases [13, 15]. While LID decreases over
time in STN DBS, this is attributed to lower levodopa
doses required to treat PD symptoms following STN
DBS. More recently, MR-guided, focused ultrasound
ablation of the posteroventral GPi for PD patients
with LID has begun clinical trials. Preliminary results
show promise in a small number of patients, but these
will need to be confirmed with larger trials [16].

CONTRIBUTIONS OF REGIONS OUTSIDE
THE BASAL GANGLIA TO LID

While neuronal populations in the basal ganglia,
particularly the GPi, striatum, and STN, are key con-
tributors to LID, other cortical areas, primarily the
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primary motor and sensory cortex and network dys-
function in these regions, may also play a role in
generating LID [2]. Changes in synchrony and fir-
ing patterns of neurons involved in LID are more
important in LID generation than changes in the rate
of firing [2]. Human and rat studies have shown
maladaptive neuroplasticity, decreased long-term
potentiation, and interrupted cortical oscillations in
the primary motor and sensory motor cortices in LID
[17-19]. Consistent with these studies, more recent
data in the 6-OHDA mouse model found TRAPed
neurons in the primary motor and sensory cortices
also activating during LID [8]. However, activating
these areas in the absence of levodopa was insuf-
ficient to cause dyskinesia, unlike specific medium
spiny TRAPed neurons in the striatum [8]. Func-
tional imaging studies have shown desynchrony in the
inferior frontal cortex and pre-supplementary motor
area in dyskinetic patients suggesting uncoordinated
inhibitory control over motor circuits possibly con-
tributing to LID [20]. Overall, LID contributions to
structures outside the basal ganglia remain to be fully
understood and likely play a supplementary rather
than a direct causal role.

DYSKINESIA IN ATYPICAL
PARKINSONISM AND THE
PATHOPHYSIOLOGIC
AUTOPALLIDOTOMY

As previously discussed, LID is significantly less
frequent in atypical parkinsonism and some advanced
stages of PD, such as PD dementia [4]. This has tra-
ditionally been attributed to these patients receiving
lower doses of levodopa due to perceived lack of
efficacy. However, studies have shown the degree of
LID is less in these patients when adjusting for lev-
odopa dose, and patients with PSP or CBD do not
develop dyskinesia even when treated with high-dose
levodopa [4, 5]. The lack of dyskinesia in patients
with PSP despite high doses of levodopa is believed
due to the widespread neurodegeneration of the GPi,
which has been colloquially known as ‘“‘autopalli-
dotomy” [5]. Unlike PD, which spares the globus
pallidus and striatum, the globus pallidus and stria-
tum in PSP and CBD undergo severe degeneration,
which likely limits their ability to generate dyskinesia
despite the presence of levodopa [21]. Autopallido-
tomy may also play a role in clinical features of
atypical parkinsonism such as postural instability or
freezing of gait, which have been reported as compli-

cations of bilateral surgical pallidotomy [22]. Further,
the motor cortex is also commonly involved in PSP
but spared in PD, potentially contributing to less fre-
quent LID in PSP. MSA, on the other hand, has more
variable degeneration of the globus pallidus, which
may explain the intermediate frequency of dyskine-
sias in MSA [1, 7, 21]. Interestingly, MSA patients
who develop dyskinesias tend to have similar features
as PD patients who develop dyskinesias (more presy-
naptic degeneration, longer duration of disease and
higher levodopa dose) so MSA patients with LID may
be less likely to have significant pathologic involve-
ment of the GPi [7]. As such, atypical parkinsonism,
particularly PSP, serves as a pathophysiologic model
of the pallidotomy to treat LID, mirroring surgi-
cal and neurostimulation success over the last 50
years. An additional complementary mechanism to
explain reduced LID in PSP and CBD may depend
on the degree of striatal fluctuation in dopamine con-
centrations in response to levodopa dose. In PD,
patients with LID have higher striatal concentrations
of dopamine in response to equivalent doses of lev-
odopa when compared with PD patients without LID,
suggesting changes in striatal dopamine concentra-
tion may also contribute to development of LID [23].
However, striatal dopamine response to levodopa in
PSP and CBD has not been evaluated so this mecha-
nism requires further confirmatory testing.

While the autopallidotomy largely explains the
lack of LID in PSP and CBD and is potentially a
component of less frequent dyskinesias in MSA, the
explanation for less frequent dyskinesias in PDD and
DLB is likely more complex, and this phenomenon
has been poorly studied [4]. Meta-analysis of vol-
umetric MRI studies in DLB patients has shown
decreased volume of globus pallidus in DLB patients,
suggesting the possibility of a mild form of autopal-
lidotomy, but this has not been born out on autopsy
[24]. One pathologic study of PDD vs. DLB patients
found involvement of the globus pallidus of 1 of 11
total patients, suggesting the need for an alternate
explanation for the lower LID frequency in PDD
and DLB [25]. It is likely that lower doses of lev-
odopa utilized in PDD and DLB out of concern
for side effects play a role in fewer LID seen in
DLB/PDD. While there was no difference in lev-
odopa dose between dyskinetic and non-dyskinetic
patients with PDD and DLB, the number of dysk-
inetic DLB and PDD patients were small, which
may have explained lack of significant differences
in levodopa dose in this study [4]. Pathologic stud-
ies comparing PD to PDD and DLB patients have
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Fig. 1. Inthe figure on the left, a lower Braak Stage is associated with less diffuse Lewy body accumulation and less aging changes; therefore
autopallidotomy does not occur, whereas in more diffuse and higher Braak stage there are increased Lewy bodies and age-related changes

leading to autopallidotomy.

shown significantly more alpha-synuclein pathology
involving the striatum and more synuclein and tau
pathology in the sensory and motor cortex in PDD and
DLB [26]. As mouse models suggest, a specific sub-
population of neurons in the striatum is necessary to
generate LID, but it is possible that more widespread
neurodegeneration in the striatum may involve these
neurons and lead to less LID [8]. On the other hand,
more widespread, advanced cortical neurodegenera-
tion may also contribute to decreased LID in PDD
and DLB (Fig. 1). Overall, further work is needed to
clarify the mechanisms of LID in patients with PDD
and DLB.

CONCLUSION

Levodopa-induced dyskinesias are feared compli-
cations of PD but occur relatively infrequently in
atypical parkinsonism. Degeneration of the globus
pallidus, also known as autopallidotomy, likely
explains the lack of LID in PSP and CBD and, to
a degree, in MSA. Widespread cortical degenera-
tion resulting in network disruption likely contributes
to less dyskinesia in PDD and DLB, although more
extensive striatal degeneration in PDD and DLB may
also lower the dyskinesia risk. Atypical parkinson-
ism can serve as a model for further understanding of
LID, which may allow for the identification of more

efficacious treatments; however, the true frequency
of LID in atypical parkinsonism compared with PD
requires larger scale studies.
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