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Abstract
Purpose of review Progressive supranuclear palsy (PSP) is a 4R tau neuropathologic entity. While historically defined by the
presence of a vertical supranuclear gaze palsy and falls in the first symptomatic year, clinicopathologic studies identify alternate
presenting phenotypes. This article reviews the new PSP diagnostic criteria, diagnostic approaches, and treatment strategies.
Recent findings The 2017 International Parkinson and Movement Disorder Society PSP criteria outline 14 core clinical features
and 4 clinical clues that combine to diagnose one of eight PSP phenotypes with probable, possible, or suggestive certainty.
Evidence supports the use of select imaging approaches in the classic PSP-Richardson syndrome phenotype. Recent trials of
putative disease-modifying agents showed no benefit.
Summary The new PSP diagnostic criteria incorporating the range of presenting phenotypes have important implications for
diagnosis and research. More work is needed to understand how diagnostic evaluations inform phenotype assessment and
identify expected progression. Current treatment is symptomatic, but tau-based therapeutics are in active clinical trials.

Keywords Progressive supranuclear palsy . Clinical diagnostic criteria . Diagnostic imaging
Progressive supranuclear palsy/therapy

Introduction

Progressive supranuclear palsy (PSP) was first described as
a clinical entity in 1964 by Steele et al. [1]. PSP neuropath-
ologic criteria were formalized in the 1990s [2, 3]. It is now
clear that the initially described phenotype—currently la-
beled Richardson’s syndrome (PSP-RS)—is only one of
many clinical phenotypes associated with PSP pathology,
particularly at disease onset. The heterogeneity in clinical
presentation is acknowledged in the updated PSP diagnos-
tic criteria published in 2017 [4••]. This update will high-
light recent advances in PSP, focusing on diagnosis and
therapeutic approaches.

Definitions/Vocabulary

PSP is a neuropathologic entity. It is the most common prima-
ry tauopathy and falls in the family of 4R tauopathies,
reflecting the accumulation of the tau isoform with four re-
peats in the microtubule-binding domain [5]. Pathologic diag-
nostic criteria require neurofibrillary tangles (NFTs) and
neuropil threads in the pons, substantia nigra, subthalamic
nucleus, and pallidum (at least three locations) and a low-to-
high density of NFTs or neuropil threads in additional areas
[2]. In addition to the NFTs and neuropil threads, microscopic
features include tufted astrocytes, oligodendroglial coiled
bodies, neuronal loss, and gliosis [2].

With the increase in pathologically confirmed cases of
PSP over the past 20 years, it is clear that localization of
tau pathology is a major driver of clinical phenotype.
Brainstem-predominant PSP pathology results in pure
akinesia at one extreme. Cortical-predominant PSP results
in focal cortical syndromes at the other extreme [5]. The
causes of this heterogeneity in location of pathologic bur-
den remain largely unknown. The appreciation of pheno-
typic variability within pathologically confirmed PSP re-
quires that “PSP” be ideally reserved for pathologic diag-
nosis with in-life descriptions using the range of PSP
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clinical phenotypes (Table 1) and assessment of the likeli-
hood of underlying PSP pathology [4••, 6•].

Diagnostic Criteria

The International Parkinson and Movement Disorder
Society (MDS) PSP study group published the MDS-PSP
criteria in 2017 [4••] in appreciation of the spectrum of clin-
ical phenotypes associated with PSP pathology. Until publi-
cation of these new criteria, the clinical criteria from the
National Institute of Neurological Disorders and Stroke and
the Society for PSP (NINDS-SPSP) were the most widely
used criteria for in-life PSP diagnosis [7]. The NINDS-
SPSP criteria require a vertical supranuclear gaze palsy and
prominent postural instability with falls in the first year of
disease onset for diagnosis of probable PSP. For possible
PSP, either a vertical supranuclear gaze palsy or slowed ver-
tical saccades plus postural instabilitywith first-year falls are
required. Supportive criteria include proximalmore thandis-
tal symmetric akinesia or rigidity, abnormal neck posturing
(particularly retrocollis), poor levodopa responsiveness, ear-
ly dysphagia and/or dysarthria, and early onset of specific
cognitive behavioral features [7].

Both the “probable” and “possible” categories in the
NINDS-SPSP criteria have high specificity for PSP pathology
[4••]. However, the NINDS-SPSP criteria describe the clinical
PSP phenotype subsequently coined PSP-RS [8], which ac-
counts for only a fraction of PSP neuropathologic diagnoses,
ranging from 24% in one series [9] to 54% in another [8]. This
corresponds to low sensitivity [4••] and, commonly, 3–4 years
between disease onset and diagnosis [10].

The MDS-PSP cr i te r ia a im to ref lec t the PSP
cliniconeuropathological advances achieved in the 20 years
since publication of the NINDS-SPSP criteria and by doing so

to optimize early diagnosis with both improved sensitivity and
specify [4••]. The MDS-PSP study group developed the new
criteria through a systematic review of the literature [6•, 11•],
compilation of a large autopsy-confirmed PSP case series [6•],
and expert consensus using modified Delphi techniques [4••].

Under the new criteria, a clinical diagnosis of PSP should
be entertained in individuals 40 years old or older with gradual
onset and progression of a neurologic phenotype that can be
associated with PSP (Table 1) and which is occurring in a
sporadic manner. Exclusion criteria are divided into (1) man-
datory exclusion criteria and (2) context-specific exclusion
criteria which need to be verified only if there are findings
suggestive of an alternate diagnosis. Mandatory exclusion
criteria reflect features that are more suggestive of other diag-
noses, i.e., predominant episodic memory impairments, auto-
nomic features, unexplained visual hallucinations, fluctua-
tions in alertness, appendicular ataxia, multi-segmental upper
and lower motor neuron signs, sudden onset, stepwise or rapid
progression, identifiable causes of postural instability, a histo-
ry of encephalitis, and/or imaging showing either severe
leukoencephalopathy or relevant structural abnormalities.
Context-specific exclusion criteria include imaging, laborato-
ry, and genetic findings more consistent with diagnoses that
may mimic PSP (e.g., prion disease, inherited disorders) [4••].
Even with a supranuclear gaze palsy, consideration of alter-
nate diagnoses is important as a supranuclear gaze palsy is a
neuroanatomic localizing feature not specific to PSP [12, 13].

Application of theMDS-PSP criteria (Fig. 1) requires assess-
ment of core clinical features associated with varying levels of
certainty or predictive value for PSP pathology (Table 2). Core
features are categorized within four functional domains: ocular
motor dysfunction, postural instability within 3 years, akinesia,
and cognitive dysfunction (Table 2). Additional supportive clin-
ical features are levodopa resistance, a hypokinetic, spastic dys-
arthria, dysphagia, and photophobia [4••]. Supportive imaging

Table 1 Clinical phenotypes associated with PSP pathology

Phenotype Abbreviation Description/key features

PSP-Richardson’s syndrome PSP-RS Vertical ocular motor dysfunction, early onset postural instability and falls

PSP-ocular motor PSP-OM Predominant ocular motor dysfunction

PSP-postural instability PSP-PI Predominant postural instability

PSP-parkinsonism PSP-P Clinical phenotype resembling Parkinson’s disease (later development of symptoms of PSP-RS)

PSP-frontal PSP-F Behavioral or frontal cognitive presentation (can be similar to behavioral variant
frontotemporal dementia)

PSP-progressive gait freezing PSP-PGF Presentation with an isolated gait disorder with start hesitation and progressive freezing of gait

PSP-corticobasal syndrome PSP-CBS Corticobasal syndrome (1 movement disorder sign and 1 cortical sign)

PSP-speech/language disorder PSP-SL Progressive apraxia of speech and/or nonfluent/agrammatic primary progressive aphasia

PSP-primary lateral sclerosisa PSP-PLS Primary lateral sclerosis

PSP-cerebellar ataxiaa PSP-C Cerebellar ataxia as initial and predominant symptom

PSP: progressive supranuclear palsy
a These phenotypes not included in new diagnostic criteria as specificity for PSP is low

12 Page 2 of 9 Curr Neurol Neurosci Rep (2018) 18: 12



findings (see section below)—either (1) predominant midbrain
atrophy or hypometabolism or (2) postsynaptic striatal dopami-
nergicdegeneration—allowtheaddedlabelof“imagingsupport-
ed diagnosis” [4••]. Each core feature, clinical clue, and imaging
finding has a specific definition described in the criteria [4••].
Clinical application of the MDS-PSP criteria results in both a

“predominance type” (phenotype)andanassessmentofcertainty
(probable, possible, suggestive),withdifferingphenotypes asso-
ciated with different levels of certainty (Fig. 1). Individuals with
possiblePSP-corticobasal syndrome(PSP-CBS)orPSP-speech/
languagedisorder (PSP-SL)alsoqualify foradiagnosisof“prob-
able 4R tauopathy” (Fig. 1).

Fig. 1 Application of MDS-PSP criteria. MDS International Parkinson
and Movement Disorder Society, PSP progressive supranuclear palsy,
PSP-RS PSP-Richardson’s syndrome, PSP-PGF PSP-progressive gait
freezing, PSP-P PSP-parkinsonism, PSP-F PSP-frontal, PSP-OM PSP-
ocular motor, PSP-SL PSP-speech/language disorder, PSP-CBS PSP-
corticobasal syndrome, PSP-PI PSP-postural instability. *Exclusion

criteria are divided into mandatory exclusion criteria and context-
specific exclusion criteria which need to be verified only if there are
findings suggestive of an alternate diagnosis (see text). **CC1, CC2,
CC3, and CC4 describe supportive clinical clues: CC1 levodopa
resistance, CC2 hypokinetic, spastic dysarthria, CC3 dysphagia, CC4
photophobia

Table 2 MDS-PSP criteria core clinical features

naPPA nonfluent/agrammatic variant of primary progressive aphasia, AoS apraxia of speech
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Diagnostic Testing

Neuroimaging markers are the most widely studied diagnostic
modalities in individuals with, or suspected to have, PSP. To
date, however, most neuroimaging in PSP focuses on individ-
uals with the PSP-RS phenotype.

As part of the effort developing the MDS-PSP criteria,
working group members performed a systematic review of
the diagnostic utility of neuroimaging for improving the
diagnosis of PSP [11•]. Neuroimaging studies were classi-
fied using a five-tier framework: (1) research tool, (2) sup-
portive of clinical diagnosis, (3) supportive of early clinical
diagnosis, (4) supportive of pathologic diagnosis, and (5)
definitive biomarker of actual pathology. No neuroimaging
biomarkers were classifiable as level 4 or 5 for either PSP-
RS or other phenotypes [11•].

Magnetic resonance imaging (MRI) markers, [18F]
fluorodeoxyglucose positron emission tomography (FDG-
PET), and dopamine-based imaging have the most supportive
evidence for use in individuals with PSP-RS. Certain findings
using these modalities and tau-based imaging have lesser de-
grees of supportive evidence [11•].

Corresponding to the midbrain pathology in PSP-RS,
structural MRI in this PSP phenotype commonly shows mid-
brain atrophy. This can result in characteristic MRI findings
including the “hummingbird” [14] or “penguin silhouette”
[15] signs on midsagittal MRI and the “morning glory” [16]
or “Mickey Mouse” [17] signs on axial MRI. However, the
presence of these signs can be influenced by factors during
imaging acquisition [18–20], and clinical experience suggests
that these signs may be over-described, particularly by un-
trained physicians. Quantitative midbrain measurements are
more helpful in distinguishing PSP-RS from Parkinson’s dis-
ease (PD) and multiple system atrophy (MSA). These include
measures of midbrain area and midbrain-pons area ratio and
the recently described magnetic resonance parkinsonism in-
dex (MRPI) [11•]. TheMRPI, an index which incorporates the
ratio of middle cerebellar peduncle (MCP) and superior cere-
bellar peduncle (SCP) width in addition to the midbrain-pons
area ratio [21], is also the only biomarker identified by the
recent systematic review as clinically useful in non-PSP-RS
phenotypes, specifically PSP-P [11•]. Whether midbrain find-
ings add substantially to diagnosis in individuals with a PSP-
RS phenotype remains uncertain, but evidence of predominant
midbrain atrophy may increase diagnostic confidence,
supporting the label of “imaging supported diagnosis” in the
MDS-PSP criteria [4••].

Other structural MRI features can also be seen in indi-
viduals with PSP, including atrophy of the frontal lobes
and various subcortical structures including the thalamus,
subthalamus, caudate, putamen, and globus pallidus [11•].
Quantitative measurements are generally superior to visual
assessments of atrophy [11•]. While there is some evidence

to suggest that frontal atrophy may distinguish PSP-RS
from PD and MSA-Parkinson type (MSA-P), the diagnos-
tic utility of atrophy patterns, apart from midbrain regions,
remains uncertain.

Additional promising MRI-based approaches include use
of diffusion-weighted imaging (DWI) and apparent diffusion
coefficient (ADC) measurements to assess microstructural
damage of gray and white matter structures in PSP and diffu-
sion tensor imaging (DTI) to assess white matter tract degen-
eration [11•]. Quantitative annualized MRI volume changes
may be useful as a clinical trial endpoint [22] but are not
currently used for diagnosis or clinical management.

MRI is also used as a tool to help exclude PSP from struc-
tural neurological conditions. In clinical presentations with
rapid progression, MRI should be used to investigate for the
possibility of prion disease. For individuals with acute onset or
stepwise progression, MRI is important for evaluating for
strokes or hemorrhage that could suggest cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL), strokes of other etiologies,
or severe cerebral amyloid angiopathy [4••] that may mimic
PSP phenoytpes.

Other currently available imaging modalities that can be
of diagnostic utility in PSP include FDG-PET and
dopamine-based imaging. On FDG-PET, frontal and mid-
brain hypometabolism are commonly seen in patients with
PSP-RS and may be helpful in supporting consideration of
PSP in other presenting phenotypes [11•]. In the MDS-PSP
cri ter ia , demonstrat ion of predominant midbrain
hypometabolism is sufficient to qualify for an “imaging
supported diagnosis” label [4••].

Dopamine imaging includes measures of striatal presynap-
tic dopamine binding (dopamine transporter [DaT] imaging
using [123I]-FP-CIT SPECT or [18F]-FP-CIT-PET) and post-
synaptic dopaminergic function (e.g., [123I]-IZBM SPECT or
[18F]-DMFP-PET, not available in some countries including
the USA). Reduced striatal DaT binding is highly sensitive for
PSP-RS but is also present in other parkinsonian disorders
(PD, MSA-P, and CBS), and there is no difference in binding
between diagnoses [11•]. Thus, reduced striatal DaT binding
is consistent with PSP but cannot distinguish between parkin-
sonisms, and its utility is described as supportive of a PSP
clinical diagnosis but “sensitive only” [11•]. Postsynaptic do-
pamine dysfunction is also common in PSP-RS but of unclear
value in distinguishing between alternate parkinsonisms [11•].
In the MDS-PSP criteria, demonstration of postsynaptic
striatal dopaminergic degeneration on imaging is felt to in-
crease confidence enough to quality for the “imaging support-
ed diagnosis” label [4••].

While not currently clinically available, in vivo tau PET
imaging is an area of active research pursuing in-life evi-
dence of PSP pathologic changes. Numerous publications
in the last year alone report on use of tau imaging in
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individuals with or suspected to have PSP [23–30], some of
whichhaveneuropathologic correlation [23–25]. Studies en-
rolling patients with clinical diagnoses of PSP are mixed on
the diagnostic potential of 18F-AV-1451/18F-flortaucipir
binding in PSP [27–30], reflecting both its potential and its
limitations. Neuropathologic studies suggest that the 18F-
AV-1451 tracer has less affinity for tau aggregation in PSP
compared to its stronger binding to the tau filaments com-
prising NFTs and the dystrophic neurites seen in Alzheimer-
related taupathology, relating todifferent tau isoforms, phos-
phorylation, and aggregation patterns in different patholo-
gies [23, 24]. The 18F-THK-5351 tracer is less studied in
PSP, with only one study including three patients with clin-
ically probable PSP. This study showed significantly higher
8F-THK-5351 retention in the midbrain and globus pallidus
of the individuals with probable PSP compared to healthy
controls and patients with Alzheimer’s disease (AD) [26].
However, there are similarities in these two tau tracers, and
both have limitations including off-target binding, inconsis-
tency between types of validation studies (ex vivo versus
in vivo), and limited ligand specificity for 4R tau [11•, 31].
More work is needed before there is a clinical role for tau
imaging in diagnosing PSP.

There is currently no role for non-imaging biomarkers in
diagnosing PSP in the clinical setting. Existing studies of po-
tential cerebrospinal fluid (CSF) [32–38] and serum [37, 39,
40] biomarkers lack pathologic correlation, but neurofilament
light chain concentrations in the CSF and blood show promise
as a potential biomarker [32, 35, 36, 39, 40]. In certain clinical
situations, blood or CSF studies may be used to exclude diag-
noses that can mimic PSP presentations (e.g., AD [in patients
with PSP-CBS], Wilson’s disease, Neimann-Pick disease type
C, hypoparathyroidism, neuroacanthocytosis, neurosyphilis,
Whipple’s disease, prion disease, paraneoplastic encephalitis),
particularly in individuals with young onset symptoms [4••].

Currently, genetic studies do not play a role in diagnos-
ing PSP. PSP is considered a sporadic disease under the
new criteria, though it is recognized that patients with mu-
tations in the microtubule-associated protein tau (MAPT)
may have presentations similar to those of PSP [4••]. In the
MDS-PSP criteria, MAPT mutations are described under
the context-specific exclusion criteria as defining inherited
rather than sporadic PSP [4••]. Even in the absence of
identified causative mutations, MAPT-specific polymor-
phisms and haplotypes increase the risk of PSP [41] and
the link to the MAPT H1 haplotype is so strong that MAPT
H2 haplotype homozygosity makes the diagnosis of PSP
unlikely [4••]. Other loci, such as myelin-associated oligo-
dendrocyte basic protein (MOBP), are also associated with
PSP and CBD, both 4R tauopathies [41, 42], but currently,
there is no role for routine genetic testing in PSP. Certain
identified gene variants are exclusion criteria for PSP given
neuropathological differences (e.g., C9orf72, GBA, NPC1

or 2, PRNP), but such testing is only performed when there
are suggestive historical or exam features [4••].

Clinical Course

Many natural history studies focus on the PSP-RS presenta-
tion and may or may not include pathologic confirmation. One
series of 100 pathologically confirmed PSP cases included
patients with PSP-RS, PSP-P, PSP-postural instability (PSP-
PI), PSP-ocular motor (PSP-OM), PSP-CBS, PSP-
frontotemporal dementia (PSP-FTD), and unclassified pheno-
types [9]. Mean disease duration (± SEM) for all phenotypes
was 8.7 (0.4) years with a range from 2 to 28 years.
Individuals with the PSP-RS phenotype had the shortest mean
disease duration (7.3 ± 0.6, range 4–17 years), and individuals
with the PSP-P phenotype had the longest disease duration
(12.8 ± 1.5, range 4–28 years) [9]. It is likely that individuals
with the PSP-progressive gait freezing (PSP-PGF) also have a
long disease duration, with a pathologic case series describing
a mean disease duration of 13 years (range 5–21 years) [43]
and case reports describing disease durations of 6, 13, and
15 years [44, 45]. Predictors of shorter survival in PSP—de-
rived from cohorts of individuals with pathologically proven
PSP or in-life PSP-RS diagnoses using prior PSP diagnostic
criteria—include the PSP-RS phenotype (versus PSP-P) and
early dysphagia, cognitive symptoms, or falls [46]. A natural
history study of individuals with PSP-RS identified pneumo-
nia as the most common cause of death [47], and this is likely
still accurate, with pneumonia and sepsis described as the
most common causes of death listed on death certificates for
individuals with advanced parkinsonism [48]. Future studies
using the MDS-PSP criteria phenotypes will inform the natu-
ral history of the different subtypes and assist in counseling
patients and families regarding expected progression.

Treatment Approaches

Treatment for individuals suspected to have PSP remains
symptomatic and supportive, with ongoing clinical trials striv-
ing to identify disease-modifying therapies often targeting the
underlying tau pathology.

For motor (parkinsonian) symptoms, levodopa combined
with a dopa decarboxylase inhibitor (e.g., carbidopa) is gen-
erally tried, with typically modest to no success in most PSP
phenotypes but potential benefit in the PSP-P predominance
type. Levodopa responsiveness is no longer an exclusion
criterion for PSP but is associated with a lower level of cer-
tainty in the MDS-PSP criteria (A3, Table 2). Overall, evi-
dence for mild to moderate benefits with levodopa is low
[49], but given limited therapeutic options, levodopa is gen-
erally tried at doses of up to 1000 mg daily. Other
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dopaminergic agents are rarely of benefit; amantadine is
sometimes tried with limited supportive evidence [49].
Botulinum toxin injections can be used for focal dystonias
including apraxia of eyelid opening [49].

The potential value of physical therapy is of increasing
interest particularly given evidence of benefit for individuals
with PD, and a recent trial showed improvement in the
Progressive Supranuclear Palsy Rating Scale (PSPRS) [50]
in patients with PSP-RS treated with two different therapy
approaches, though there was no difference between groups
[51]. A non-randomized pre-post study also suggested poten-
tial benefit of the Lee Silverman Voice Treatment in individ-
uals with PSP, though benefits in PSP were less frequently
significant than those observed in PD patients [52].

While case reports and series suggest promising experi-
ences with unilateral or bilateral pedunculopontine nucleus
(PPN) deep brain stimulation (DBS) in patients with suspected
PSP, a recently published randomized controlled trial of uni-
lateral PPN DBS in eight individuals with PSP-RS showed no
benefit in gait, postural stability, and fall PSPRS subitems
when comparing ON and OFF stimulation conditions at 6-
and 12-month follow-up. Three of the enrolled subjects expe-
rienced surgical complications [53]. DBS is currently not rec-
ommended for PSP outside of research settings [49].

There are no accepted treatments for cognitive symptoms
in individuals with suspected PSP, with small trials and case
series of cholinesterase inhibitors suggesting that these drugs
may help cognition but worsen motor function [49]. It is crit-
ical to address potentially treatable symptoms in PSP such as
depression, but no PSP-specific recommendations for such
symptomatic management exist.

To date, studies of potentially disease-modifying therapies
have failed to demonstrate efficacy in individuals suspected to
have PSP. Randomized, placebo-controlled trials of riluzole
[54], davunetide [36], tideglusib [55], high-dose coenzyme
Q10 [56], sodium valproate [57], and rasagiline [58] showed
no impact on primary endpoints tracking disease progression,
though study limitations include sample size (for some stud-
ies) and lack of evidence that the agents had the intended
effect through theorized mechanisms. Current investigations
of tau-focused PSP therapies include TPI-287, a microtubule
stabilizer, C2N-8E12/ABBV-8E12 and BMS-986168/
BIIB092, both anti-tau monoclonal antibodies, and salsalate,
a tau acetylation inhibitor (Table 3). Microtubule stabilizers
are hoped to compensate for microtubule dysfunction associ-
ated with loss of tau function; anti-tau monoclonal antibodies
are hoped to impede the spread of pathogenic tau, and tau
acetylation inhibitors are hoped to inhibit acetylation of solu-
ble tau and thus limit hyperphosphorylation.

Regardless of investigational and symptomatic treatment
approaches used through the disease course, palliative care
is an important component of PSP treatment with hospice as
a valuable resource in late stages [59]. Ta
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Conclusions

The publication of new PSP diagnostic criteria incorporating
the range of presenting phenotypes has important implications
for how clinicians and researchers diagnose and study this
disease. These criteria will allow earlier diagnosis of pheno-
types other than PSP-RS, but more work is needed to under-
stand how diagnostic evaluations may help assessment of
these phenotypes and to identify their expected progression.
Diagnosis remains largely based on clinical history and exam-
ination, but structural brain MRI, FDG-PET, and dopamine
imaging findings can increase certainty. Current treatment ap-
proaches are symptomatic and palliative, but the many tau-
based therapeutics in active clinical trials provide patients with
PSP with both research opportunities and hope.
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