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Abstract

Progressive supranuclear palsy, corticobasal degeneration and multiple system atrophy account for approximately 10% of
neurodegenerative parkinsonism. Considerable clinical overlap exists between these disorders that extends to features consid-
ered characteristic of each disease. Clinical diagnostic criteria have attempted to increase the accuracy of clinical diagnosis
as accurate diagnosis is necessary to inform prognosis and to facilitate the recognition of disease-modifying treatments.
Currently no such treatment exists. Nevertheless, many clinical trials aiming to change the natural history of these diseases
are ongoing. The spread and accumulation of abnormal proteins are among the pathophysiological mechanisms targeted.
For the time being, however, only symptomatic treatment is available. Levodopa is used to treat parkinsonism, but patients
usually show a poor or transient response. Amantadine is also used in practice for the same indication. Botulinum toxin can
alleviate focal dystonic manifestations. Addressing non-motor manifestations is limited by the potential of available drugs
to impact on other aspects of the disease. Most of the new symptomatic formulations under study are focused on orthostatic
hypotension in multiple system atrophy. Exercise, occupational, physical, and speech therapy and psychotherapy should
always accompany pharmacological approaches.

Key Points 1 Introduction
Atypical parkinsonian disorders share clinical and patho- Parkinsonism is a clinical syndrome defined as bradykinesia
logical similarities. with rigidity and/or tremor [1]. Parkinson’s disease (PD)

is by far the commonest cause of parkinsonism. However,
approximately 10% of neurodegenerative parkinsonism is
caused by three different entities grouped under the term

Symptomatic treatment is characterized by low efficacy
and the potential for adverse drug effects.

Disease-modifying treatments, targeting mechanisms “atypical parkinsonism”, namely multiple system atrophy
implicated in the development of disease, are under (MSA), progressive supranuclear palsy (PSP) and cortico-
study. basal degeneration (CBD) [2]. These disorders pose a chal-

lenge for clinicians as they can be difficult to differentiate
from each other, or even from PD. Moreover, they carry a
worse prognosis and do not respond well to levodopa, the
mainstay of treatment for PD. This work will review the
therapeutic options that are available to the clinician and the
patient, with a focus on pharmacological treatments, as well
as currently studied interventions.
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respectively, and mean disease duration is approximately
8.5 years for MSA and PSP and 6.5 years for CBD [3, 6,
7]. The unifying clinical feature is the development of
parkinsonism characterized by (1) predominance of axial
rigidity and bradykinesia and early falls, (2) rare presence
of classic, pill-rolling rest tremor, and (3) poor or transient
levodopa response. In their classic forms, MSA and PSP
present with symmetrical involvement, whereas asymmetry
is pronounced in CBD [3-5].

MSA is characterized by autonomic dysfunction, accom-
panied by parkinsonism and/or cerebellar features [4]. Auto-
nomic dysfunction leads to urogenital (urinary frequency,
urgency, incontinence, retention, erectile dysfunction),
cardiovascular (orthostatic hypotension), and respiratory
(sleep apnoea, stridor) involvement. Ataxia can be evident
in gait, oculomotion, limb movements and/or as dysarthria.
Rapid eye movement sleep behaviour disorder (RBD) is
very common, and patients may also exhibit pyramidal
signs [8]. Autonomic dysfunction is invariably present and
a requirement for diagnosis according to published crite-
ria [4]. It must be accompanied by either parkinsonian or
cerebellar signs, and depending on their relative severity
at presentation, two clinical subtypes are described: MSA
with predominant parkinsonism (MSA-P) or MSA with
predominant cerebellar ataxia (MSA-C). For a diagnosis
of probable MSA, urinary incontinence or a drop of more
than 30 mmHg/15 mmHg in systolic/diastolic blood pres-
sure within 3 min after standing is required. Less severe
orthostatic hypotension or urogenital autonomic dysfunction
are enough for a diagnosis of possible MSA. Possible MSA
requires one additional feature among a set of clinical or
imaging findings.

The classic syndrome of PSP, or Richardson’s syn-
drome, is characterized by the early appearance of pos-
tural instability with falls and vertical gaze dysfunction
that initially manifests as slow vertical saccades that
evolve to a vertical supranuclear gaze palsy [9]. These
distinctive findings are accompanied by bradykinesia,
rigidity, behavioural changes, impaired executive func-
tion, dysarthria and dysphagia [9]. However, it has been
demonstrated that PSP has a wide spectrum of potential
phenotypes, with Richardson’s syndrome being present in
only 24% of autopsy confirmed cases [7]. The new clinical
diagnostic criteria for PSP have tackled that by defining
many of those alternative syndromes in a structured man-
ner suitable for clinical diagnosis [5]. Apart from Rich-
ardson’s syndrome, the syndromes included in the new
criteria are PSP with predominant ocular motor dysfunc-
tion (PSP-OM), PSP with predominant postural instabil-
ity (PSP-PI), PSP with predominant parkinsonism (PSP-
P), PSP with predominant frontal presentation (PSP-F),
PSP with progressive gait freezing (PSP-PGF), PSP with
predominant corticobasal syndrome (PSP-CBS), and PSP
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with predominant speech and language disorder (PSP-SL).
These syndromes are defined based on the clinical par-
ticulars of four core clinical features of PSP: ocular motor
dysfunction, postural instability, akinesia and cognitive
dysfunction. Different combinations of these features pro-
vide different degrees of diagnostic certainty (probable,
possible and suggestive of PSP). Presentations included
in the “suggestive of PSP” category represent early mani-
festations of the disease.

CBD is the rarest of the three disorders [2]. CBD and
its initially described syndrome, i.e. the corticobasal syn-
drome (CBS), were initially thought to reflect each other,
together comprising a single condition [10]. CBS is char-
acterized by asymmetrical motor and higher cortical mani-
festations such as parkinsonism, dystonia, myoclonus and
apraxia, cortical sensory loss, alien limb and cognitive
impairment [3]. However, it later became apparent that
CBD pathology can lead to a variety of different pheno-
types and moreover that CBS can represent a multitude
of pathological substrates, including Alzheimer’s disease
(AD), frontotemporal lobar degeneration (FTLD) and PSP
[10]. In order to make ante-mortem clinical detection of
CBD cases possible, diagnostic criteria were proposed
after a review of pathologically confirmed cases [3]. The
following syndromes were recognized as the most usual
expressions of CBD: CBS, Richardson’s syndrome, non-
fluent/agrammatic variant of primary progressive aphasia,
frontal behavioural-spatial syndrome and AD-resembling
dementia. The last syndrome was not included in the diag-
nostic criteria as it is mainly caused by AD, a far more
common condition. Two sets of criteria were created,
defining the diagnosis of probable and possible CBD.
Their accuracy, however, has been reported to be low [11].

The new sets of diagnostic criteria have drawn into the
spotlight the clinical overlap of atypical parkinsonian syn-
dromes. Final clinical diagnoses often differ from initial
clinical impression and definite neuropathological diagno-
ses [3, 6, 12]. The overlap is more obvious for PSP and
CBD. Both can manifest with Richardson’s syndrome, with
CBS, with frontal involvement and with nonfluent/agram-
matic variant of primary progressive aphasia (included in
PSP-SL). Moreover, the characteristic signs of atypical par-
kinsonian syndromes that usually guide clinical diagnosis
might be relatively specific, but are not diagnostic, and they
might not have arisen in the early stages of disease [12, 13].
Supranuclear gaze palsy can develop in MSA and CBD [14],
and autonomic involvement can be present in PSP and CBD
[13]. Ataxia apart from MSA-C can be a presenting finding
in PSP and lead to misdiagnosis [6]. Although the manifes-
tation of a characteristic feature early in the disease course
increases its diagnostic value, it is not sufficient to provide
diagnostic certainty [12, 13]. For these reasons, neuropa-
thology remains the only way to reach a definite diagnosis.
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3 Neuropathology

The shared neuropathological substrate of these disor-
ders is the degeneration in the substantia nigra, which
is the basis of the clinical parkinsonian syndrome [15].
In addition, they are all characterized by the deposition
and accumulation of abnormal, aggregated forms of a
certain protein, either tau or alpha-synuclein (a-syn). It
is the varying distribution of the aggregates of abnormal
tau or a-syn and of the associated degeneration that is
thought to determine the different signs and symptoms that
accompany parkinsonism in each of these disorders [10].
It is theorized that the abnormal tau and a-syn aggregates
have “prion-like” properties, i.e. they can spread between
neurons and induce pathological conformations in their
normal counterparts [16].

Regarding MSA, its distinctive, highly specific patho-
logical feature is the widespread presence of glial cyto-
plasmic inclusions (GClIs), accompanied by degeneration
of the nigrostriatal (NS) and olivopontocerebellar (OPC)
structures [15]. GCIs are oligodendrocyte cytoplasmic
inclusions composed of aggregated a-syn [15], thus clas-
sifying MSA as a synucleinopathy together with PD. They
are distributed across the central nervous system, but accu-
mulate, particularly in areas of grey and white matter asso-
ciated with motor (both extra-pyramidal and pyramidal)
and autonomic functions [17]. The accompanying NS and
OPC degenerative changes entail neuronal loss, gliosis and
demyelination [18]. The relative degree of involvement
of these two systems predicts, to some extent, the clinical
subtype of MSA [19].

MSA is classically considered to be a primary oligo-
dendrogliopathy [8]. The burden of GCIs correlates with
disease duration and with the degree of degeneration in NS
and OPC structures [19], and widespread GClIs are present
early in the disease when neuronal degeneration is limited
[18]. It has been hypothesized that a-syn aggregation and
GCI formation lead to oligodendroglial dysfunction, which
in turn impacts neuronal function [8]. Apart from loss of
normal oligodendroglial function, neuroinflammation and
transmission of misfolded a-syn to neurons, resulting in
neuronal a-syn inclusions, could also mediate neuronal
involvement [8]. The recent demonstration, however, that
neuronal inclusions are more ample and disseminated than
earlier thought has upgraded their importance in the patho-
genesis of MSA [20].

PSP is characterized by deposition of abnormal, hyper-
phosphorylated forms of the protein tau [21]. In PSP, tau
depositions consist exclusively of 4R-tau, i.e. tau iso-
forms that contain four repeats of a microtubule binding
domain, whereas both 3R and 4R-tau are found in nor-
mal brains and in other diseases, e.g. AD [21]. Several

tau-immunoreactive inclusions are described in PSP: neu-
rofibrillary tangles (NFTs) are found mainly in the basal
ganglia and the brainstem [9]. Tau-immunoreactive lesions
in neuronal processes (threads) can also be found in these
areas [9]. Oligodendroglial coiled bodies and tufted astro-
cytes are also present. The latter are a specific feature of
PSP [21]. Apart from tau deposition, the pathological find-
ings also encompass neuronal loss and astrogliosis [22].
PSP neurodegenerative changes are particularly severe in
the globus pallidus, the substantia nigra and the subtha-
lamic nucleus [22]. These structures are also considered
to be affected early in the disease course [21]. There is,
however, variability in the distribution of pathology in
PSP corresponding to the variation seen in clinical pres-
entations [9]. A higher burden of cortical pathology is
expected to underlie cases with significant cortical symp-
tomatology [9].

CBD is 4R-tauopathy, like PSP. Pathologically, neuronal
loss and tau-immunoreactive inclusions in neurons and glial
cells are observed [23]. Neuronal loss is prominent in the
substantia nigra, the superior frontal and parietal cortex and
around the central sulcus. Balloon neurons can also be seen
in these cortical areas as well as myelin loss in the adja-
cent white matter. Neuronal tau-immunoreactive inclusions
(pretangles and sometimes NFTs) and threads are broadly
distributed in cortical areas and in the basal ganglia. Astro-
cytic plaques, when detected, are almost specific for CBD.
Oligodendroglial coiled bodies are common.

The pathophysiology of PSP and CBD is not well under-
stood. Tau is crucial to the degeneration process. In PSP,
both gain of tau function and loss of tau function mecha-
nisms could contribute to the development of disease [9].
Loss of tau function could lead to microtubule dysfunction
[9]. The spreading of pathology on the other hand could
be the expression of the opposite process [9]. Apart from
hyperphosphorylation, other abnormal post-translational
modifications of tau and also microglial participation could
be promoting tau dysfunction [9]. Similar mechanisms could
be at play in the case of CBD, as the two disease share many
similarities in their clinical presentation [5] and in their
pathological and genetic associations [21].

4 Treatment

Currently, there is no disease-modifying treatment for
atypical parkinsonism. The aim of treatment is thus to
relieve symptoms and assist performance in activities of
daily living. In general, the pharmacological approach of
these disorders is not based on clinical trials, but rather
on case series and use of drugs that have shown benefits
in other neurodegenerative disorders, such as PD. The
symptomatic nature of treatment, the prominent clinical
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overlap and the resulting uncertainty of clinical diagno-
sis allow for a common, symptom-based pharmacologi-
cal approach for these disorders. This review focuses on
medication, but the importance of exercise, occupational,
physical, speech therapy and psychotherapy should not be
disregarded in clinical practice. Deep brain stimulation
is not a therapeutic option for these disorders [24-26]. A
frequently overlooked challenge with currently available
symptomatic treatment is that of drug safety, which has
not been sufficiently studied in atypical parkinsonism or
even in PD [27]. Indeed, the interactions or adverse reac-
tions currently encountered in clinical practice, are not
well studied.

4.1 Parkinsonism

Levodopa is prescribed for bradykinesia and rigidity [8,
24, 26]. Daily doses are slowly increased up to a total of
1-1.5 g/day. A modest, but not long-lasting, clinical benefit
can be seen in approximately 30-50% of patients [8, 24, 26].
PSP-P patients might experience a better response to levo-
dopa compared to other PSP phenotypes [26], and MSA-P
patients generally respond better to levodopa compared to
PSP and CBS [3, 26, 28]. The clinician should always take
into account the potential impact of levodopa on other mani-
festations of atypical parkinsonism that may warrant a dose
modification. Levodopa can aggravate orthostatic symptoms
and lead to falls and might worsen urinary retention and con-
stipation [29]. It might also induce impulse control disorders
and psychotic symptoms [29, 30]. Levodopa-induced dyski-
nesias might develop in a minority of patients, in particular,
in MSA-P, where they usually manifest as painful facial dys-
kinesias, whereas they are extremely rare in PSP and CBS
[3, 26, 28]. If gastrointestinal symptoms arise during initial
dosing, domperidone (10 mg three times a day [TDS]), a
peripheral dopamine receptor blocker, can be used [29].
Note, however, that domperidone has the potential of QT
interval prolongation, and thus co-administration with drugs
with similar effects, e.g. selective serotonin reuptake inhibi-
tors (SSRIs), must be cautious [31]. Dopamine agonists and
monoamine oxidase B (MAQO-B) inhibitors are considered
less effective than levodopa [8, 24, 26].

Amantadine (doses slowly increased to 100-200 mg
TDS) might be able to ameliorate bradykinesia and rigidity
and improve balance in some patients and can be tried as a
second-line treatment [8, 24, 26]. High doses (> 400 mg)
are rarely tolerable because of adverse effects that include
gastrointestinal symptoms, insomnia, confusion, agitation
and hallucinations [30]. These effects are more likely to
appear if amantadine is co-administered with memantine
or anticholinergic medication [32]. Amantadine can also
worsen orthostatic hypotension [29].
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4.2 Dystonia

If the onset of dystonia is associated with a modification
in the doses of levodopa, for example, facial painful dysto-
nia after increasing levodopa in MSA patients [28], then a
return to the previous regimen might be considered. Oth-
erwise, dystonic manifestations respond well to treatment
with botulinum toxin [8, 24, 26]. A potential drawback is
that treating cervical dystonia might worsen or elicit dyspha-
gia [26]. Particular caution should be taken when attempt-
ing to treat anterocollis in MSA, as the resulting dysphagia
might be particularly severe [33]. Benzodiazepines can also
be employed to improve dystonia, but can interfere in and
aggravate other disease processes [29]. Of particular impor-
tance are their negative effects on cognition or sleep apnoea
and other respiratory sequelae of MSA [29].

4.3 Myoclonus

Clonazepam or levetiracetam can be used to treat myoclonus
[24, 29]. Clonazepam is started at a low dose, e.g. 0.5 mg/
day, and gradually increased afterwards [29]. As a benzo-
diazepine it has the potential for important side effects, as
described above. Levetiracetam is started at 250 mg/day
and then increased to up to 3000 mg/day [24, 29]. It has
the potential to induce mood changes (depression, anxiety),
drowsiness and agitation [24, 29].

4.4 Ataxia

There is no pharmacological treatment available for ataxic
manifestations [33]. Non-pharmacological interventions are
indicated, mainly physiotherapy, occupational therapy and
speech therapy [33].

4.5 Cognitive and Behavioural Impairment

There is no specific treatment for cognitive impairment
encountered in atypical parkinsonism [34]. Acetylcholinest-
erase inhibitors are not recommended as they may exacer-
bate motor symptoms in exchange for a small improvement
in memory [34-36]. One possible exception is CBS, where
a trial of acetylcholinesterase inhibitors or memantine could
be considered because of the possibility of underlying AD
pathology [37].

Behavioural manifestations can also be difficult to man-
age. Treating other neuropsychiatric comorbidities, such as
depression, is important as this might ameliorate cognitive
impairment or behavioural manifestations [30]. However,
it is often a challenge to differentiate between the depres-
sion and apathy these patients have. Assessing for poten-
tial cognitive or behavioural adverse effects of concomitant
medications could also be beneficial, if dosage modification
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or discontinuation is possible [30]. Examples include benzo-
diazepines and anticholinergic medication, including tricy-
clic antidepressants (TCAs) [29]. Amantadine, in addition to
its effect on motor symptoms, might have a positive impact
on apathy, but carries the risk of other behavioural adverse
effects [26, 30]. Antipsychotics should be avoided when
possible as they exacerbate motor manifestations and could
affect cognition [24, 30] and also cause agitation and con-
fusion. A trial of acetylcholinesterase inhibitors to improve
apathy is justified in CBS for the abovementioned reasons
[24].

4.6 Depression, Anxiety and Emotional
Incontinence

SSRIs are effective in treating depression and anxiety and
are preferred over TCAs as this class is associated with a less
safe adverse effect profile [34]. More specifically, TCAs can
cause confusion and worsen cognition, orthostatic hypoten-
sion and urinary retention [29, 34]. Among TCAs, amitrip-
tyline has been reported to have potential desirable effects on
ocular motion in PSP patients [26]. The use of trazodone and
mirtazapine has been also reported [30]. Emotional inconti-
nence is also treated with SSRIs at low doses [30].

4.7 Other Neuropsychiatric Symptoms

There is no pharmacological treatment for apraxia. Specifi-
cally for apraxia of eyelid opening, treatment with pretarsal
injections of botulinum toxin has been used [9, 26]. Zolpi-
dem can be used for insomnia because transient beneficial
effects have been reported in the literature [26]. The classic
treatment of RBD in MSA is the administration of low-dose
clonazepam, a benzodiazepine, before sleep (0.5-2 mg/
day) [33]. Melatonin (2 mg/day) can substitute clonazepam
in patients with concomitant sleep apnoea [33]. The goal
of treatment in RBD is to prevent self-injury or the injury
of others, as RBD is otherwise usually not disruptive for
the patient. Pharmacological treatment is therefore initi-
ated when conservative measures (creating a safe sleeping
environment, avoiding precipitating factors) are not deemed
sufficient [38].

4.8 Urological Symptoms

Anticholinergic drugs are used to treat urinary frequency,
urgency and incontinence, but have important side effects as
they can worsen constipation, cognition and cause confusion
[34, 39]. Commonly used anticholinergics include trospium
(10-15 mg/2-3 times per day), tolterodine (2 mg two times
per day) and darifenacin (7.5-15 mg once per day) as they
have smaller effects on cognition than other substances of
the same class, e.g. oxybutinin [34, 40, 41]. However, bear

in mind that anticholinergic medication can increase urinary
retention, and thus voiding ability should be assessed [39].
Mirabegron (25-50 mg once per day), a f3-adrenoreceptor
agonist, can also benefit patients without promoting reten-
tion or influencing cognition [40, 41]. It must be noted that
there are no studies in atypical parkinsonism with these
drugs, and their use is only empirical. Botulinum toxin,
injected to the detrusor muscle, has been suggested as an
alternative to anticholinergic medications [42].

Urinary retention (post-void residual volume > 100 mL),
on the other hand, can be treated with intermittent self-
catheterization, but this practice has the potential to lead to
urethral ulceration [34]. When ulceration occurs or when
self-catheterization is no longer easy to perform due to
disease progression, a permanent suprapubic catheter can
be employed [33, 40]. al-Adrenoreceptor antagonists that
relax urethral smooth muscle (prazosin 1 mg TDS or moxi-
sylyte 10 mg TDS) and cholinergic drugs, e.g. pyridostig-
mine, to promote detrusor contractility can supplement self-
catheterization [34, 39]. When both retention and urgency/
incontinence are present, anticholinergic medication and
self-catheterization with al-adrenoreceptor antagonists are
used together [39]. Nycturia can be addressed with intra-
nasal desmopressin (5 pg at night) [33]. If desmopressin is
used, the possibility of emerging hyponatraemia and heart
failure should be regularly assessed [39].

Erectile dysfunction can be addressed using phosphodi-
esterase-5 inhibitors, e.g. sildenafil (25-100 mg 1 h before
sexual activity), or using alprostadil intracavernous injec-
tions. Note that al-adrenoreceptor antagonists and phospho-
diesterase-5 inhibitors can aggravate orthostatic symptoms,
but cholinergic drugs and desmopressin might ameliorate
them [34, 39].

4.9 Orthostatic Hypotension

The first steps to treating orthostatic symptoms is to assess
concomitant medications, as many formulations have the
potential to cause or exacerbate orthostatic hypotension,
and to introduce conservative management [34, 43]. The
list of medications that can exacerbate orthostatic symptoms
includes, but is not limited to, levodopa and other dopa-
minergic substances, amantadine, phosphodiesterase-5
inhibitors, al-adrenoreceptor antagonists, antidepressants
(mainly TCAs) as well as the majority of drugs used to
treat cardiovascular comorbidities [29, 43]. If possible,
such medications should be discontinued, or their dosage
revised. Conservative management refers to appropriate fluid
and salt intake, exercise, refraining from sudden changes
in posture, avoiding situations that can increase body tem-
perature, such as hot baths or hot environments, sleeping
with the head elevated relative to the feet to reduce supine
hypertension and morning hypotension, using abdominal
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and leg compression devices, eating frequent, smaller and
low-in-carbohydrate portions of food, avoiding alcohol and
addressing co-existing anaemia [34, 43]. Medications are
added when conservative measures alone fail to provide suf-
ficient symptomatic improvement or when symptom severity
can endanger the patient [43]. Fludrocortisone (0.1-0.3 mg)
is the classic treatment in MSA [44]. Other options include
the sympathomimetic midodrine (2.5-10 mg TDS, at least
5 h before bedtime) and a prodrug of norepinephrine, droxi-
dopa (100-600 mg TDS, at least 5 h before bedtime). All
three drugs can worsen supine hypertension, and midodrine
can exacerbate urinary retention [43]. Potential cases of
neuroleptic malignant syndrome have been reported, so a
high degree of suspicion is required when altering droxidopa
dosage, or that of another associated medication, e.g. levo-
dopa [45]. Pyridostigmine, an acetylcholinesterase inhibi-
tor, might be appropriate for less severe cases [43]. It is not
associated with supine hypertension, but can cause sialor-
rhoea, abdominal cramps, diarrhoea, excessive sweating and
urinary incontinence [43].

In general terms, improving orthostatic hypotension takes
precedence over supine hypertension because of the latter’s
interfering symptomatology in everyday life [43]. If supine
hypertension is severe enough that pharmacological treat-
ment is considered (systolic blood pressure > 180 or dias-
tolic blood pressure > 110 mmHg), fludrocortisone should
be best avoided and short-acting antihypertensive drugs
could be employed [43]. Clonidine, captopril, losartan,
hydralazine or transdermal glyceryl trinitrate at bedtime are
recommended regimens [43]. If dietary modifications can-
not satisfactorily address postprandial hypotension, caffeine,
acarbose or octreotide before meals could be helpful [8].

4.10 Respiratory Involvement

Nocturnal inspiratory stridor and sleep apnoea are addressed
with continuous or bi-level positive airway pressure devices
[34]. Inspiratory stridor is highly specific for MSA [44]. In
severe cases, unilateral botulinum toxin injection into the
vocal cord adductors can be used after taking into considera-
tion the possibility of aggravating dysphagia [8, 34]. Finally,
in severe cases with daytime stridor, tracheostomy can be
considered, but the risk of sudden death remains even after
this procedure has been performed [44].

4.11 Other Symptoms

Dysphagia is not amenable to pharmacological therapy. A
speech therapy approach is instead advised, with percuta-
neous endoscopic gastrostomy reserved for when there is a
considerable risk for aspiration [34]. Drooling can be man-
aged using topical or oral anticholinergics [29]. Drooling
can be managed effectively by salivary gland injections
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with botulinum toxin [34]. This method carries a risk of
worsening dysphagia in late disease stages [34], but is pre-
ferred over the use of anticholinergics (glycopyrrolate 1 mg
TDS or topical 1% atropine drops, one drop TDS) due to
their potential for cognitive side effects and for deteriorat-
ing concomitant urinary and orthostatic symptoms [29, 43].
Topical preparations can be used to treat eye dryness [29].
Constipation is handled conservatively by making dietary
modifications, ensuring adequate fluid intake and using laxa-
tives [8, 44].

5 Clinical Trials: Symptomatic Approaches
and Disease Modification

The past few years have seen a surge of interventions aim-
ing to alter disease progression in atypical parkinsonism.
This is driven by the scientific community’s increased under-
standing of these disorders [9]. Results for riluzole, tide-
glusib and davunetide in PSP and for riluzole, minocycline,
lithium, rifampicin and rasagiline in MSA did not suggest
a favourable effect on disease progression [9, 18]. On the
other hand, administration of mesenchymal stem cells and
the use of intravenous immunoglobulin, albeit uncontrolled,
in patients with MSA slowed Unified MSA Rating Scale
score progression and improved it, respectively [18, 46, 47].
Moreover, there are many ongoing trials on pharmacologi-
cal interventions aiming at disease modification (Table 1).
Most interventions designed for PSP aim to preserve normal
tau function or halt the spread or formation of abnormal tau
[9]. In a similar way, the spread and formation of abnormal
conformations of a-syn have been targeted in MSA. In addi-
tion, substances aiming to modulate neuroinflammation in
MSA have been also developed.

Among ongoing trials of symptomatic pharmacological
interventions, particularly common are substances aiming
to address neurogenic orthostatic hypotension in MSA,
among other disorders (Table 2). The short-term effects
on supine hypertension of many already in use substances,
mainly antihypertensive medications, are also under study
(NCTO00223717). Non-pharmacological interventions to
address supine hypertension in patients with orthostatic
hypotension are also investigated. These include the use
of continuous positive airway pressure (NCT03312556),
abdominal compression (NCT02429557) and the application
of heating pads (NCT02417415, NCT03042988). Direct cur-
rent stimulation is another non-pharmacological intervention
aiming to provide symptomatic benefits for ataxia or apraxia
(NCT03120013, NCT00273897).

There are certain factors that could hinder the demon-
stration of an existing disease-modifying effect in clini-
cal trials [9, 18]. First, the rarity of these diseases can
lead to underpowered trials. Second, the clinical overlap
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leads to recruitment of a more heterogeneous group of
patients than desired. Third, avoiding the repercussions of
this overlap can currently be achieved only at the expense
of recruiting patients at later stages of disease progres-
sion, i.e. when specific features of the disease under study
have become apparent. Unfortunately, at these stages, the
effects of a potential treatment might be less pronounced
or not present. Improving the sensitivity and specificity of
diagnostic criteria and most importantly identifying early
biomarkers of these diseases are the proposed and actively
sought after solutions to these problems [9, 18].

6 Conclusions

MSA, PSP and CBD account for 10% of neurodegenera-
tive parkinsonism. Neuropathologically, these disorders
are characterized by the accumulation of abnormal forms
of proteins that might exhibit prion-like properties. The
type of the accumulating protein, a-syn or tau, its distribu-
tion and that of the associated degeneration differs among
the disorders, but substantia nigra degeneration is present
in all. Neuropathology provides the only way to a definite
diagnosis. Considerable clinical overlap exists that extends
to features considered characteristic of each disease. As
a result, final clinical diagnoses often differ from initial
impression and from definite diagnosis. Clinical diagnostic
criteria have highlighted this clinical overlap and attempt
to increase the accuracy of clinical diagnosis.

Accurate diagnosis is necessary to inform prognosis and
to facilitate the recognition of disease-modifying treat-
ments. Currently no such treatment exists. Nevertheless,
many clinical trials aiming to change the natural history of
these diseases are ongoing. The spread and accumulation
of abnormal proteins are among the pathophysiological
mechanisms targeted. For the time being, however, only
symptomatic treatment with limited efficacy is available.
Levodopa is used to treat parkinsonism, but patients usu-
ally show a poor or transient response. Amantadine is also
used in practice for the same indication. Botulinum toxin
can alleviate focal dystonic manifestations. Addressing
non-motor manifestations is limited by the potential of
available drugs to impact on other aspects of the disease.
Most of the new symptomatic formulations under study
are focused on orthostatic hypotension in MSA. Exer-
cise, occupational, physical, and speech therapy and psy-
chotherapy should always accompany pharmacological
approaches.

Compliance with Ethical Standards

Funding No funding was received for this article.

Conflict of interest Nikolaos Giagkou and Maria Stamelou have no
conflicts of interest to disclose.

References

1. Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, Oertel
W, Obeso J, Marek K, Litvan I, Lang AE, Halliday G, Goetz
CG, Gasser T, Dubois B, Chan P, Bloem BR, Adler CH, Deuschl
G. MDS clinical diagnostic criteria for Parkinson’s disease. Mov
Disord. 2015;30:1591-601.

2. Horvath J, Burkhard PR, Bouras C, Kovari E. Etiologies of Par-
kinsonism in a century-long autopsy-based cohort. Brain Pathol.
2013;23:28-33.

3. Armstrong MJ, Litvan I, Lang AE, Bak TH, Bhatia KP, Borroni
B, Boxer AL, Dickson DW, Grossman M, Hallett M, Josephs KA,
Kertesz A, Lee SE, Miller BL, Reich SG, Riley DE, Tolosa E,
Troster Al, Vidailhet M, Weiner WJ. Criteria for the diagnosis of
corticobasal degeneration. Neurology. 2013;80:496-503.

4. Gilman S, Wenning GK, Low PA, Brooks DJ, Mathias CJ, Tro-
janowski JQ, Wood NW, Colosimo C, Diirr A, Fowler CJ, Kauf-
mann H, Klockgether T, Lees A, Poewe W, Quinn N, Revesz T,
Robertson D, Sandroni P, Seppi K, Vidailhet M. Second consen-
sus statement on the diagnosis of multiple system atrophy. Neurol-
ogy. 2008;71:670-6.

5. Hoglinger GU, Respondek G, Stamelou M, Kurz C, Josephs KA,
Lang AE, Mollenhauer B, Miiller U, Nilsson C, Whitwell JL,
Arzberger T, Englund E, Gelpi E, Giese A, Irwin DJ, Meissner
WG, Pantelyat A, Rajput A, van Swieten JC, Troakes C, Antonini
A, Bhatia KP, Bordelon Y, Compta Y, Corvol JC, Colosimo C,
Dickson DW, Dodel R, Ferguson L, Grossman M, Kassubek J,
Krismer F, Levin J, Lorenzl S, Morris HR, Nestor P, Oertel WH,
Poewe W, Rabinovici G, Rowe JB, Schellenberg GD, Seppi K, van
Eimeren T, Wenning GK, Boxer AL, Golbe LI, Litvan I, Boxer
AL, Rajput A, Pantelyat A, Antonini A, Lang AE, Giese A, Mol-
lenhauer B, Colosimo C, Kurz C, Nilsson C, Troakes C, Irwin DJ,
Dickson DW, Gelpi E, Krismer F, Schellenberg GD, Respondek
G, Rabinovici G, Wenning GK, Hoglinger GU, Morris HR, Litvan
I, Rowe JB, Kassubek J, Corvol JC, Whitwell JL, Levin J, van
Swieten J, Bhatia KP, Josephs KA, Seppi K, Golbe LI, Stamelou
M, Grossman M, Nestor P, Dodel R, Lorenzl S, van Eimeren T,
Arzberger T, Miiller U, Meissner WG, Poewe W, Oertel WH,
Compta Y, Bordelon Y. Clinical diagnosis of progressive supranu-
clear palsy: the movement disorder society criteria. Mov Disord.
2017;32:853-64.

6. Koga S, Aoki N, Uitti RJ, van Gerpen JA, Cheshire WP, Josephs
KA, Wszolek ZK, Langston JW, Dickson DW. When DLB, PD,
and PSP masquerade as MSA: an autopsy study of 134 patients.
Neurology. 2015;85:404—12.

7. Respondek G, Stamelou M, Kurz C, Ferguson LW, Rajput A, Chiu
WZ, van Swieten JC, Troakes C, Al Sarraj S, Gelpi E, Gaig C,
Tolosa E, Oertel WH, Giese A, Roeber S, Arzberger T, Wagenp-
feil S, Hoglinger GU. The phenotypic spectrum of progressive
supranuclear palsy: a retrospective multicenter study of 100 defi-
nite cases. Mov Disord. 2014;29:1758-66.

8. Fanciulli A, Wenning GK. Multiple-system atrophy. N Engl J
Med. 2015;372:249-63.

9. Boxer AL, Yu J-T, Golbe LI, Litvan I, Lang AE, Hoglinger GU.
Advances in progressive supranuclear palsy: new diagnostic cri-
teria, biomarkers, and therapeutic approaches. Lancet Neurol.
2017;16:552-63.

10. Boeve BF. The multiple phenotypes of corticobasal syndrome and
corticobasal degeneration: Implications for further study. J Mol
Neurosci. 2011;45:350-3.

A\ Adis



836

N. Giagkou, M. Stamelou

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Alexander SK, Rittman T, Xuereb JH, Bak TH, Hodges JR, Rowe
JB. Validation of the new consensus criteria for the diagnosis
of corticobasal degeneration. J Neurol Neurosurg Psychiatry.
2014;85:923-17.

Respondek G, Kurz C, Arzberger T, Compta Y, Englund E, Fer-
guson LW, Gelpi E, Giese A, Irwin DJ, Meissner WG, Nilsson
C, Pantelyat A, Rajput A, van Swieten JC, Troakes C, Josephs
KA, Lang AE, Mollenhauer B, Miiller U, Whitwell JL, Antonini
A, Bhatia KP, Bordelon Y, Corvol JC, Colosimo C, Dodel R,
Grossman M, Kassubek I, Krismer F, Levin J, Lorenzl S, Mor-
ris H, Nestor P, Oertel WH, Rabinovici GD, Rowe JB, van
Eimeren T, Wenning GK, Boxer A, Golbe LI, Litvan I, Sta-
melou M, Hoglinger GU. Which ante mortem clinical features
predict progressive supranuclear palsy pathology? Mov Disord.
2017;32:995-1005.

Wenning GK, Scherfler C, Granata R, Bosch S, Verny M, Chaud-
huri KR, Jellinger K, Poewe W, Litvan I. Time course of symp-
tomatic orthostatic hypotension and urinary incontinence in
patients with postmortem confirmed parkinsonian syndromes:
a clinicopathological study. J Neurol Neurosurg Psychiatry.
1999;67:620-3.

Martin WRW, Hartlein J, Racette BA, Cairns N, Perlmutter JS.
Pathologic correlates of supranuclear gaze palsy with parkinson-
ism. Parkinsonism Relat Disord. 2017;38:68-71.

Trojanowski JQ, Revesz T. Proposed neuropathological criteria
for the post mortem diagnosis of multiple system atrophy. Neuro-
pathol Appl Neurobiol. 2007;33:615-20.

Goedert M, Masuda-Suzukake M, Falcon B. Like prions: the prop-
agation of aggregated tau and a-synuclein in neurodegeneration.
Brain. 2017;140:266-78.

Papp MI, Lantos PL. The distribution of oligodendroglial inclu-
sions in multiple system atrophy and its relevance to clinical
symptomatology. Brain. 1994;117:235-43.

Koga S, Dickson DW. Recent advances in neuropathology, bio-
markers and therapeutic approach of multiple system atrophy. J
Neurol Neurosurg Psychiatry. 2018;89(2):175-84.

Ozawa T, Paviour D, Quinn NP, Josephs KA, Sangha H, Kilford
L, Healy DG, Wood NW, Lees AJ, Holton JL, Revesz T. The
spectrum of pathological involvement of the striatonigral and
olivopontocerebellar systems in multiple system atrophy: clin-
icopathological correlations. Brain. 2004;127:2657-71.
Cykowski MD, Coon EA, Powell SZ, Jenkins SM, Benarroch
EE, Low PA, Schmeichel AM, Parisi JE. Expanding the spec-
trum of neuronal pathology in multiple system atrophy. Brain.
2015;138:2293-309.

Kovacs GG. Invited review: neuropathology of tauopathies: prin-
ciples and practice. Neuropathol Appl Neurobiol. 2015;41:3-23.
Dickson DW, Ahmed Z, Algom AA, Tsuboi Y, Josephs KA. Neu-
ropathology of variants of progressive supranuclear palsy. Curr
Opin Neurol. 2010;23:394-400.

Dickson DW, Bergeron C, Chin SS, Duyckaerts C, Horoupian D,
Ikeda K, Jellinger K, Lantos PL, Lippa CF, Mirra SS, Tabaton M,
Vonsattel JP, Wakabayashi K, Litvan I. Office of rare diseases neu-
ropathologic criteria for corticobasal degeneration. J Neuropathol
Exp Neurol. 2002;61:935-46.

Marsili L, Suppa A, Berardelli A, Colosimo C. Therapeutic inter-
ventions in parkinsonism: corticobasal degeneration. Park Relat
Disord. 2016;22:S96-100.

Meissner WG, Laurencin C, Tranchant C, Witjas T, Viallet F,
Guehl D, Damier P, Houeto JL, Tison F, Eusebio A, Vital A, Stre-
ichenberger N, Lannes B, Maues de Paula A, Thobois S. Outcome
of deep brain stimulation in slowly progressive multiple system
atrophy: a clinico-pathological series and review of the literature.
Park Relat Disord. 2016;24:69-75.

Stamelou M, Hoglinger G. A review of treatment options for pro-
gressive supranuclear palsy. CNS Drugs. 2016;30:629-36.

A\ Adis

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Miiller-Rebstein S, Trenkwalder C, Ebentheuer J, Oertel WH,
Culmsee C, Hoglinger GU. Drug safety analysis in a real-life
cohort of Parkinson’s disease patients with polypharmacy. CNS
Drugs. 2017;31:1093-102.

Wenning GK, Tison F, Ben Shlomo Y, Daniel SE, Quinn NP.
Multiple system atrophy: a review of 203 pathologically proven
cases. Mov Disord. 1997;12:133-47.

Lamb R, Rohrer JD, Lees AJ, Morris HR. Progressive supranu-
clear palsy and corticobasal degeneration: pathophysiology and
treatment options. Curr Treat Options Neurol. 2016;18:42.
Rittman T, Coyle-Gilchrist IT, Rowe JB. Managing cognition
in progressive supranuclear palsy. Neurodegener Dis Manag.
2016;6:499-508.

Reddymasu SC, Soykan I, McCallum RW. Domperidone: review
of pharmacology and clinical applications in gastroenterology.
Am J Gastroenterol. 2007;102:2036-45.

Jost WH, Briick C. Drug interactions in the treatment of Parkin-
son’s disease. J Neurol. 2002;249(Suppl 1):111/24-9.

Rohrer G, Hoglinger GU, Levin J. Symptomatic therapy of mul-
tiple system atrophy. Auton Neurosci. 2018;211:26-30.

Bhatia KP, Stamelou M. Nonmotor features in atypical parkinson-
ism. Int Rev Neurobiol. 2017;134:1285-301.

Litvan I, Phipps M, Pharr VL, Hallett M, Grafman J, Salazar A.
Randomized placebo-controlled trial of donepezil in patients with
progressive supranuclear palsy. Neurology. 2001;57:467-73.
Fabbrini G, Barbanti P, Bonifati V, Colosimo C, Gasparini M,
Vanacore N, Meco G. Donepezil in the treatment of progressive
supranuclear palsy. Acta Neurol Scand. 2001;103:123-5.
Armstrong MJ. Diagnosis and treatment of corticobasal degenera-
tion topical collection on movement disorders. Curr Treat Options
Neurol. 2014;16:282.

Videnovic A. Management of sleep disorders in Parkinson’s dis-
ease and multiple system atrophy. Mov Disord. 2017;32:659-68.
Ogawa T, Sakakibara R, Kuno S, Ishizuka O, Kitta T, Yoshimura
N. Prevalence and treatment of LUTS in patients with Parkinson
disease or multiple system atrophy. Nat Rev Urol. 2017;14:79-89.
Batla A, Tayim N, Pakzad M, Panicker JN. Treatment options for
urogenital dysfunction in Parkinson’s disease. Curr Treat Options
Neurol. 1940;18:45.

Sakakibara R, Tateno F, Yamamoto T, Uchiyama T, Yamani-
shi T. Urological dysfunction in synucleinopathies: epidemi-
ology, pathophysiology and management. Clin Auton Res.
2018;28(1):83-101.

Giannantoni A, Rossi A, Mearini E, Del Zingaro M, Porena M,
Berardelli A. botulinum toxin A for overactive bladder and detru-
sor muscle overactivity in patients with Parkinson’s disease and
multiple system atrophy. J Urol. 2009;182:1453-7.

Gibbons CH, Schmidt P, Biaggioni I, Frazier-Mills C, Freeman
R, Isaacson S, Karabin B, Kuritzky L, Lew M, Low P, Mehdirad
A, Raj SR, Vernino S, Kaufmann H. The recommendations of a
consensus panel for the screening, diagnosis, and treatment of
neurogenic orthostatic hypotension and associated supine hyper-
tension. J Neurol. 2017;264:1567-82.

MaaB S, Levin J, Hoglinger G. Current treatment of multiple sys-
tem atrophy. Curr Treat Options Neurol. 2016;18:51.
Ferguson-Myrthil N. Droxidopa for symptomatic neurogenic
hypotension. Cardiol Rev. 2017;25:241-6.

Lee PH, Lee JE, Kim H-S, Song SK, Lee HS, Nam HS, Cheong
J-W, Jeong Y, Park H-J, Kim DJ, Nam CM, Lee JD, Kim HO,
Sohn YH. A randomized trial of mesenchymal stem cells in mul-
tiple system atrophy. Ann Neurol. 2012;72:32-40.

Novak P, Williams A, Ravin P, Zurkiya O, Abduljalil A, Novak V.
Treatment of multiple system atrophy using intravenous immuno-
globulin. BMC Neurol. 2012;12:131.

Cummings J, Isaacson S, Mills R, Williams H, Chi-Burris K,
Corbett A, Dhall R, Ballard C. Pimavanserin for patients with



Pharmacotherapy of Atypical Parkinsonism

837

49.

Parkinson’s disease psychosis: a randomised, placebo-controlled
phase 3 trial. Lancet. 2014;383:533-40.

Smith JAM, Bourdet DL, Patil DL, Daniels OT, Ding Y-S, Galle-
zot J-D, Henry S, Kim KHS, Kshirsagar S, Martin WJ, Obedencio
GP, Stangeland E, Tsuruda PR, Williams W, Carson RE, Patil ST.
Preclinical to clinical translation of CNS transporter occupancy of

50.

TD-9855, a novel norepinephrine and serotonin reuptake inhibitor.
Int J Neuropsychopharmacol. 2014;18:pyu027.

Novak V, Milberg W, Hao Y, Munshi M, Novak P, Galica A,
Manor B, Roberson P, Craft S, Abduljalil A. Enhancement of
vasoreactivity and cognition by intranasal insulin in type 2 diabe-
tes. Diabetes Care. 2014;37:751-9.

A\ Adis



	Therapeutic Management of the Overlapping Syndromes of Atypical Parkinsonism
	Abstract
	1 Introduction
	2 Presentation and Diagnosis
	3 Neuropathology
	4 Treatment
	4.1 Parkinsonism
	4.2 Dystonia
	4.3 Myoclonus
	4.4 Ataxia
	4.5 Cognitive and Behavioural Impairment
	4.6 Depression, Anxiety and Emotional Incontinence
	4.7 Other Neuropsychiatric Symptoms
	4.8 Urological Symptoms
	4.9 Orthostatic Hypotension
	4.10 Respiratory Involvement
	4.11 Other Symptoms

	5 Clinical Trials: Symptomatic Approaches and Disease Modification
	6 Conclusions
	References




