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Progressive supranuclear palsy: clinicopathological concepts 
and diagnostic challenges
David R Williams, Andrew J Lees 

Progressive supranuclear palsy (PSP) is a clinical syndrome comprising supranuclear palsy, postural instability, and 
mild dementia. Neuropathologically, PSP is defi ned by the accumulation of neurofi brillary tangles. Since the fi rst 
description of PSP in 1963, several distinct clinical syndromes have been described that are associated with PSP; this 
discovery challenges the traditional clinicopathological defi nition and complicates diagnosis in the absence of a reliable, 
disease-specifi c biomarker. We review the emerging nosology in this fi eld and contrast the clinical and pathological 
characteristics of the diff erent disease subgroups. These new insights emphasise that the pathological events and 
processes that lead to the accumulation of phosphorylated tau protein in the brain are best considered as dynamic 
processes that can develop at diff erent rates, leading to diff erent clinical phenomena. Moreover, for patients for whom 
the diagnosis is unclear, clinicians must continue to describe accurately the clinical picture of each individual, rather 
than label them with inaccurate diagnostic categories, such as atypical parkinsonism or PSP mimics. In this way, the 
development of the clinical features can be informative in assigning less common nosological categories that give clues 
to the underlying pathology and an understanding of the expected clinical course. 

Introduction
In 1963, J Cliff ord Richardson described an “unusual 
syndrome” of postural instability, supranuclear gaze palsy, 
mild dementia, and progressive axial rigidity and bulbar 
palsy.1 His collaborators, Jerzy Olszewski and John Steele, 
identifi ed consistent pathological fi ndings that were 
eventually used to establish this unusual syndrome as a 
new nosological condition: progressive supranuclear palsy 
(PSP).1 Pathologically, PSP is defi ned by the accumulation 
of tau protein and neuropil threads, mainly in the pallidum, 
subthalamic nucleus, red nucleus, substantia nigra, 
pontine tegmentum, striatum, oculomotor nucleus, 
medulla, and dentate nucleus.2,3 Similar histopathological 
fi ndings, however, can be seen in patients with 
postencephalitic parkinsonism (PEP) and the atypical 

parkinsonian syndromes of Guam and Guadeloupe,4–7 thus 
complicating the pathological diagnosis of PSP. The most 
specifi c features of PSP pathology are star-shaped astrocytic 
tufts and neurofi brillary tangles that can be seen with light 
microscopy and that immunostain strongly with antibodies 
to tau. These features support the role of tau dysfunction 
in the pathogenesis of the disorder and the classifi cation 
of PSP by neuropathologists as a primary tauopathy.8,9 
Despite advances in our understanding of the disease 
process, there are no reliable diagnostic biomarkers for 
PSP, and accurate diagnosis depends on clinical acumen.

Although the classic PSP syndrome presents with clear 
clinical signs in its later stages, several clinical variants 
have recently been identifi ed that are less distinctive, and 
many patients with PSP are initially thought to have 
Parkinson’s disease (PD) or multiple system atrophy.10 We 
refer to the classic clinical picture of PSP as Richardson’s 
syndrome (also known as Steele–Richardson–Olszewski 
syndrome) to distinguish it from the other clinical variants 
that fall under pathologically defi ned PSP.11 These clinico-
pathological variants can be separated by diff erences in 
their severity, regions of pathology, and clinical features, 
and are linked by the accumulation of neurofi brillary 
tangles and similar natural histories that lead to death, 
usually within 6–12 years of diagnosis (fi gure 1). No 
accepted guidelines for the clinical diagnosis of these 
variants have been compiled, and the variants are often 
labelled as “atypical PSP”. We have termed the commonest 
of these variants PSP-parkinsonism (PSP-P) and have 
shown that the associated tau pathology is less severe and 
presents in a more restricted distribution than the tau 
pathology seen in patients with Richardson’s syndrome 
(classic PSP).10 Some patients present with early gait 
disturbance, micrographia, and hypophonia, with eventual 
gait freezing. This variant has been labelled PSP-pure 
akinesia with gait freezing (PAGF).12 Patients with PAGF 
have severe atrophy and neuronal loss only in the globus 
pallidus, substantia nigra, and subthalamic nucleus.12,13 
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Other groups of patients present with progressive, 
asymmetric dystonia, apraxia, and cortical sensory loss 
(PSP-corticobasal syndrome [PSP-CBS]) or apraxia of 
speech (PSP-progressive non-fl uent aphasia [PSP-PNFA]) 
and have more severe cortical tau pathology than the 
patients with PSP-P.14,15

Here, we review recent advances in the understanding 
of the pathological heterogeneity of PSP subtypes and 
highlight the similarities and diff erences between PSP 
and other tauopathies. Our aim is to integrate these 
fi ndings into the emerging picture of the range of clinical 
subtypes of PSP and to discuss the implications for the 
diagnosis of this complex and devastating disorder. 

Pathology
Pathological heterogeneity
The operational diagnostic criteria for the pathological 
diagnosis of PSP are derived from the fi rst detailed studies 
made by Olszewski and Steele in 1964.1 Although they 
found “no pathological evidence of frontal, cortical, or 
white matter involvement of consequence”, more recent 
reports that have used up-to-date staining techniques have 
shown cortical tau pathology to be a common fi nding in 
PSP.1,9 The pathological heterogeneity of PSP has recently 
been examined in detail in two post-mortem series, in 
which the extent of tau pathology was used as a surrogate 
marker for pathological severity in patients with 
Richardson’s syndrome and PSP-P.16,17 The patients with 
PSP-P had less severe tau pathology than those with 

Richardson’s syndrome, although the pattern of 
distribution between both groups was similar: the 
subthalamic nucleus and substantia nigra were the regions 
that were most severely aff ected (fi gure 2).16–18 The regions 
where the diff erences in severity were greatest were the 
cerebral cortex, pons, caudate, cerebellar dentate nucleus, 
and cerebellar white matter. Although the substantia nigra 
pars compacta and ventrotegmental areas are aff ected in 
Richardson’s syndrome and PD, the severity of the 
pathology is substantially higher in the former.19 The 
dopamine cell groups in the substantia nigra pars 
compacta and ventrotegmental areas innervate the motor 
and limbic cortical and thalamic regions, infl uencing 
motor function and executive and other cognitive and 
behavioural features. The destruction of these cell groups 
is likely to contribute to levodopa non-responsiveness and 
frontostriatal cognitive dysfunction in patients with PSP.20 
Although the substantia nigra is severely aff ected in PSP-P, 
the clinical features that distinguish PSP-P from 
Richardson’s syndrome, including tremor and moderate 
levodopa responsiveness, might be due to less severe 
depletion of dopamine in the extranigral midbrain in 
PSP-P.10

The distribution and severity of pathological changes in 
patients with PAGF have been investigated in several 
small clinicopathological series. In one detailed study, 
patients with pathologically diagnosed PSP who also had 
severe atrophy, neuronal loss, and gliosis in the globus 
pallidus, substantia nigra, and subthalamic nucleus were 
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Figure 2: Severity of PSP tau pathology varies according to distribution
Brown=mild severity. Purple=moderate severity. Red=severe. Green=very severe. PSP=progressive supranuclear palsy. PSP-P=PSP-parkinsonism. PAGF=pure akinesia 
with gait freezing. STN=subthalamic nucleus. GPi=globus pallidus interna. GPe=globus pallidus externa. Reproduced with permission from Oxford University Press.18
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selected from a large autopsy series.13 The pathology in 
these individuals was described as pallido–nigro–luysial 
and their clinical features were consistent with PAGF. 
Typical diagnostic PSP-type lesions (ie, astrocytic tufts and 
neurofi brillary tangles) were present, but compared with 
patients with Richardson’s syndrome these patients had 
less severe tau pathology in the motor cortex, striatum, 
pontine nuclei, and cerebellum.13 The severity of tau 
pathology was lower in patients with PAGF than it was in 
patients with Richardson’s syndrome, with less severe tau 
deposition in the cerebellum, dentate nucleus, and pontine 
nuclei.12 Functional imaging studies support these 
pathological observations, with a similar but attenuated 
pattern of brain glucose metabolism in patients with 
PAGF compared with patients with Richardson’s 
syndrome.21 The areas of decreased glucose metabolism 
were seen only in the midbrain of patients with PAGF, 
with preservation of frontal metabolism. The restricted 
distribution of pathology in PAGF is thought to be the 
cause of the clinical diff erences and probably contributes 
to its better prognosis.12,13 The functional consequences of 
these pathological diff erences have been shown with tests 
of brainstem refl exes.22 

In a small series, patients who presented with PSP-CBS 
had a higher density of tau pathology in the midfrontal 
and inferior parietal cortices, but not in the motor cortex, 
compared with patients with Richardson’s syndrome.14 
The distribution of tau pathology in patients with PSP-
CBS was similar to that seen in corticobasal degeneration, 
suggesting that the topography, not the type, of tau 
pathology aff ects the clinical picture.14 Patients with 
PSP-tau pathology who presented with PSP-PNFA had 
more severe pathology in the temporal cortex and superior 
frontal gyrus than patients with Richardson’s syndrome, 
but they had less severe pathology in the brainstem and 
subcortical grey matter regions.15

Other neurofi brillary tangle primary tauopathies
The pathological diagnosis of PSP is based on the 
identifi cation of neurofi brillary degeneration with a typical 
distribution. Disappointingly, there are no pathological 
fi ndings that are pathognomonic for PSP, and comparative 
analyses with other tauopathies have found many 
similarities to PSP.23 In their original report, Olszewski 
and colleagues remarked on the similarities between the 
pathological features of PSP and postencephalitic 
parkinsonism (PEP), Hirano’s parkinsonism dementia 
complex of Guam (PDC-Gaum), and Alzheimer’s 
disease.24 

Subsequent observations have enabled further 
characterisation of these diseases, although the patho-
logical boundaries between the primary tauopathies are 
blurred and, in many cases, absolute distinction between 
them is impossible without clinical data (fi gure 1).23 PEP is 
thought of as a multisystem tauopathy that is characterised 
by widespread neuronal loss, the accumulation of tau 
aggregates in neurons and glia, and severe degradation of 

the dopaminergic substantia nigra.3 In PDC-Guam, 
tau-positive neurofi brillary tangles are found in the 
neocortex and basal ganglia structures, but the neuropil 
threads and coiled bodies are sparse compared with the 
distribution seen in PSP.25 The topographical distribution 
of tau pathology in PDC-Guam is similar to the pattern of 
atrophy and neuronal loss and includes substantial 
deposition of tau in the cortex.26 This distribution of tau is 
not typical of Richardson’s syndrome, and ultrastructural 
analysis of insoluble tau might be required to distinguish 
PDC-Guam from PSP.27 Guadeloupean parkinsonism is 
thought of as one form of tauopathy, although the tufted 
astrocytes are a less prominent feature.28 In contrast to 
PDC-Guam, the distribution of pathological changes seen 
in patients with Guadeloupean parkinsonism is 
indistinguishable from the distribution seen in patients 
with PSP. 

Although the pathological distinction of PSP from 
corticobasal degeneration is routine, many of the features 
of tau accumulation in corticobasal degeneration are 
similar to those in PSP:14,29,30 the neurons and glia express 
the same pathological form of tau, and the tangles in both 
disorders are ultrastructurally composed of predominantly 
straight fi laments. Furthermore, the tau H1c susceptibility 
haplotype is strongly associated with the pathology of PSP 
and corticobasal degeneration.31 Corticobasal degeneration 
is characterised by ballooned neurons and characteristic 
glial pathology, including tau-positive astrocytic plaques.29 
In general, the tau pathology in corticobasal degeneration 
has a more cortical distribution than the distribution in 
PSP, although substantial overlap exists.14 Widespread 
deposition of beta-amyloid in the cerebral cortex in 
Alzheimer’s disease and post-traumatic encephalopathy 
helps to distinguish neuropathologically these disorders  
from PSP; AD and post-traumatic encephalopathy have an 
excess of all six pathological forms of tau on 
immunoblotting.32

Tau mutations and PSP 
Tau has six alternatively spliced isoforms, which diff er by 
the presence or absence of a 29 amino acid insert (N1) 
and/or a 59 amino acid insert (N2) at the N terminus, and 
several 31 amino acid repeats in the microtubule-binding 
domain (fi gure 3).32 The microtubule-binding domain 
contains either three 31 amino acid repeats (3R) or four 
31 amino acid repeats (4R). In the brains of healthy adults, 
the concentrations of 3R tau and 4R tau are similar, but in 
PSP the concentration of 4R increases and the 3R:4R ratio 
falls.33 

Mutations in MAPT, the gene that encodes microtubule-
associated tau on chromosome 17, are commonly 
associated with frontotemporal dementia with  parkin-
sonism (FTDP-17), which is pathologically classifi ed as a 
primary tauopathy. The pathological features of FTDP-17 
overlap with PSP, Alzheimer’s disease, corticobasal 
degeneration, and Pick’s disease. MAPT is not mutated 
in sporadic PSP, but there are several reports of 
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mutations in MAPT that are associated with clinical and 
pathological abnormalities that closely resemble those of 
Richardson’s syndrome.34–38 A diagnosis of FTDP-17 
requires molecular genetic analysis for confi rmation, but 
the routine screening of sporadic cases of PSP for 
mutations in MAPT is not recommended because the 
yield is small.35 In rare cases, patients with some of the 
clinical features of PSP and mutations in MAPT have 
atypical clinical or pathological features. For example, 
one patient with a tau exon 10 +16 (intronic) mutation 
had young-onset PSP at 40 years old but no family history 
of neurological disease.39 A silent mutation—Ser305Ser—
in exon 10 of tau was identifi ed in a patient with a history 
of early dementia, abnormalities of gaze, and the 
pathological characteristics of PSP, but without falls or 
axial rigidity. Two aff ected members of this patient’s 
family had atypical clinical features of PSP, including 
early severe dementia, early dystonia, and gaze 
abnormalities, without dementia.40 Two brothers from a 
family in Spain, who were born from a third-degree 
consanguineous marriage, developed dementia and 
supranuclear gaze palsy in their fourth decade and died 
within 5 years of disease onset.37 A homozygous deletion 
in codon 296 of MAPT was identifi ed in one of the 
aff ected siblings. Two family members with Parkinson’s 
disease were identifi ed as the heterozygous carriers, but 
neither of them developed PSP or atypical parkinsonism.41 
Another genetic association has been reported in a large 
Spanish family with a PSP phenotype linked to a locus 
on chromosome 1q31.1.38 Pathological changes that 
would satisfy the diagnostic criteria for PSP were 
reported in one member of this family.

Clinical heterogeneity
The early clinical features of PSP are often subtle and 
can be diffi  cult to discern from those of other physical or 
psychological disorders.42 Early diagnosis is a challenge 
in primary health-care settings, and the defi nitive clinical 
diagnosis is commonly delayed for many months. Fewer 
than half of patients with pathologically diagnosed PSP 
will have received a diagnosis of PSP at presentation, 
and 20% will have had a diff erent diagnosis at the time of 
death.43–47 However, in most cases of Richardson’s 
syndrome, the clinical diagnosis is evident within the 
fi rst 2 years.10, 48

The National Institute of Neurological Disorders and 
Stroke (NINDS) PSP clinical diagnostic criteria were 
compiled to identify reliably patients for clinical research 
who had underlying PSP-tau pathology.49 These stringent 
and specifi c criteria state that early falls due to postural 
instability and supranuclear gaze palsy or slowed vertical 
saccades are the most helpful defi ning clinical features.50 

When present, these two physical signs are particularly 
useful to distinguish PSP from Parkinson’s disease but 
they have restricted value in routine clinical practice 
because of their low sensitivity and the absence of falls and 
gaze palsies in many patients.49–51 

The diff erent modes of presentation and clinical 
variability have lead to several studies that were designed 
to assess the clinical and pathological heterogeneity of 
PSP. A new nosology is emerging that confi rms the 
original observations of Richardson but also separates out 
several other useful clinical subtypes that would otherwise 
not satisfy the operational clinical diagnostic criteria for 
PSP.

Richardson’s syndrome
A lurching gait, sometimes described as that of a drunken 
sailor or a dancing bear, and unexplained falls backwards 
without loss of consciousness are the commonest 
presentations of PSP. More than half of patients with PSP  
will also develop some personality change or cognitive 
slowing within the fi rst 2 years.10,52–54 Non-specifi c ocular 
symptoms are also common, including dry, red, sore eyes; 
photophobia; blurred vision; and diffi  culty in 
focussing.1,10,42,52 Supranuclear gaze palsy with diffi  culty 
looking up or messy eating (the dirty tie phenomenon) 
usually occur later, but a slowing of vertical saccadic eye 
movements is an early telltale sign on neurological 
examination.1,10,53,55 Vertical supranuclear gaze palsy is the 
defi nitive diagnostic feature most often looked for in the 
clinic but this commonly develops many years into the 
disease, which delays the diagnosis. Other diagnostic 
possibilities should also be considered when oculomotor 
abnormalities are seen (panel). Eyelid abnormalities are 
common and include spontaneous involuntary eyelid 
closure or apraxia of eyelid opening, which is often most 
prominent when talking or eating and can cause functional 
blindness. Spontaneous blink rate is severely impaired 
and contributes to ocular irritation, epiphora, and blurring 
of vision. A slow, slurred, growling speech and diffi  culties 
in swallowing are other typical early features.10,52,53 
Overactivity of the frontalis, procerus, and corrugator 
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muscles cause eyelid retraction and a staring gaze, which 
contribute to the characteristic surprised, worried facial 
appearance of patients with PSP.70

These symptoms lead to an inexorable decline in 
functional capacity and quality of life, with increasing 
motor and mental handicap. Most patients become 
dependent on others for care within 3 to 4 years of 
diagnosis.52,71 Speech becomes unintelligible, and recurrent 
choking often necessitates the insertion of a percutaneous 
gastrostomy.52,72 Motor recklessness, diffi  culties with visual 
orientation, and postural instability lead to recurrent falls 
with resultant fractures and, inevitably, the patient 
becomes wheelchair bound.47,73 

The median survival in the original series was 5 years 
from disease onset; in larger, more recent studies, dis-
ease durations to death of 5 to 8 years have been 
reported.10,52,71,72,74 The most common causes of death are 
aspiration pneumonia, primary neurogenic respiratory 
failure, or pulmonary emboli.73,75 When this clinical 
syndrome is associated with the pathological fi ndings of 
PSP, we have suggested that it should be called 
Richardson’s syndrome.

PSP-P
None of the patients described by Richardson had “the 
characteristic parkinsonian features, and none had 
tremor”.1,54 He did describe facial inexpressivity, a reduced 
volume of speech, and “rubbery” rigidity, but he 
emphasised the absence of limb rigidity and bradykinesia. 
He was more struck by the pseudobulbar weakness and 
rigidity in extension, and was bemused by the later 
classifi cation of PSP under the rubric of ‘atypical 
parkinsonism’ or ‘Parkinson’s plus’ (personal commu-
nication, J Steele).

Pathological series of patients with PSP have consistently 
identifi ed a small group of patients who did not fi t the 
classic clinical description and had atypical clinical features 
of PSP, including normal eye movements, resting tremor, 
a positive levodopa response, and focal dementia.10 We 
have examined the clinical features of patients with 
PSP-tau pathology with a data-driven approach and 
without a priori assumptions, to defi ne more clearly the 
composite clinical characteristics of these patients.10 A 
similar methodology has also been used by Kaat and 
colleagues53 to analyse a prospectively collected, clinically 
diagnosed group of patients with presumed PSP-tau 
pathology. Both studies reported the classic presentation 
of Richardson’s syndrome and a smaller group in whom 
parkinsonism dominated the early clinical picture. The 
patients in the latter group presented with limb 
bradykinesia, rigidity, and, in some cases, tremor, and 
were commonly misdiagnosed with Parkinson’s disease. 
Asymmetry of limb signs was seen in some cases. 
Although axial rigidity was often a striking early feature, 
with associated speech and gait diffi  culties, limb rigidity 
was more common and severe than in patients with 
Richardson’s syndrome, in whom muscle tone can be 
normal. Tremor is part of the mandatory exclusion criteria 
in some diagnostic guidelines for PSP,44,76 but jerky postural 
tremor and even a 4–6 Hz rest tremor were common in 
the patients with PSP-P.11,52,76 A moderate or good 
improvement in bradykinesia and rigidity follows initiation 
of levodopa therapy in a proportion of patients with PSP-P, 
although the response is rarely excellent,10,73 and secondary 
unresponsiveness that occurs over a few years is usual.77

PSP-P and Richardson’s syndrome can be distiguished 
by their diff erent clinical pictures in the fi rst 2 years; 
however, there is clinical overlap, and after 6 years of follow 
up the clinical phenomenology might become similar.10 
Few of the patients who were classifi ed as having PSP-P 
had all the clinical features, and they were classifi ed in this 
way because the symptoms of parkinsonism were more 
conspicuous than those of Richardson’s syndrome 
(postural instability, falls, cognitive decline, and eye 
movement abnormalities) in the fi rst 2 years.10 We have 
proposed several clinical features as clues to the clinical 
diagnosis of PSP-P, but we emphasise the diffi  culty in 
separating these patients from those with idiopathic 
Parkinson’s disease (table 1). Early pointers that might 
help a clinical diagnosis of PSP-P could include rapid 
progression, prominent axial symptomatology, or a poor 
response to levodopa, despite clinical features that are 
typical of idiopathic Parkinson’s disease. Falls and cognitive 
dysfunction occur later in PSP-P than they do in 
Richardson’s syndrome and, perhaps as a consequence, 
the time for disease duration to death is about 3 years 
longer in PSP-P.17, 78

In a few patients, a purely parkinsonian syndrome 
predominates until death, and abnormalities of eye 
movement or other characteristics of Richardson’s 
syndrome might never appear.10,77 A sustained response to 

Panel: Potential causes of eye movement abnormalities, 
postural instability, and parkinsonism that are not due to 
progressive supranuclear palsy

• Dementia with Lewy bodies56

• Multiple system atrophy48

• Cerebrovascular disease57

• Aortic surgery and hypoxic damage58,59

• Frontotemporal dementia associated with 
chromosome 1730

• Ubiquitin-positive frontotemporal lobar degeneration60

• Neuropsyphilis61

• Motor neuron disease with congophilic angiopathy62

• Amyotrophic lateral sclerosis63  
• Antiphsopholipid syndrome64

• Prion disease65

• Lytico–Bodig disease66

• Cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy67

• Whipple’s disease68

• Neimann–Pick disease type C69
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levodopa and drug-induced choreic dyskinesias with a 
long duration of disease seem to characterise these 
patients. Furthermore, they seem to have the most distinct 
form of PSP-P and might be analogous to patients with 
benign minimal lesion change multiple system atrophy, in 
whom the full spectrum of clinical features do not develop 
and pathological examination shows a more restricted 
distribution than usual.

The prevalence of PSP-P is diffi  cult to estimate because 
of the inherent biases in pathological series, including 
selection bias that favours unusual cases and patients who 
attend tertiary referral centres.79 32% of patients with PSP 
pathology in the Queen Square Brain Bank (QSBB) series 
presented with a predominantly parkinsonian syndrome. 
This is probably an overestimation of the true prevalence 
because of the emphasis of the QSBB on parkinsonian 
symptoms.10 In a regional study of clinically diagnosed 
PSP, 8% of patients initially presented with an asymmetric, 
levodopa-responsive tremor, bradykinesia, and rigidity.53 
However, this study excluded patients who had not 
developed eye movement abnormalities or early postural 
instability or falls, and the authors predicted that they had 
underestimated the community prevalence of PSP-P.10

PSP-PAGF
The syndrome of PSP-PAGF seems to be highly predictive 
of PSP-tau pathology.16,80,81 Pure akinesia was fi rst described 
in 1974 in two patients who developed freezing of gait, 
writing, and speech, with paradoxical kinesia.82 At 
presentation, these patients were cognitively intact, had no 
abnormalities of eye movement, and, as is the case in 
many patients, there was a long disease duration without 
the development of other parkinsonian features.12,83 The 
clinical diagnostic criteria that have recently been proposed 
for this syndrome include progressive onset of gait 
disturbance with start hesitation and subsequent freezing 
of gait, speech, or writing, without rigidity; tremor; 

dementia; or eye movement abnormality during the fi rst 
5 years of the disease. There is no benefi t with levodopa 
therapy, and no clinical or radiological evidence of lacunar 
infarcts or diff use deep white matter ischaemia.12

When the PSP-PAGF criteria were applied retrospectively 
to a clinically diagnosed series of 759 patients with 
parkinsonism, seven patients with this disorder were 
identifi ed: six had PSP-tau pathology and one had Lewy 
body pathology at post mortem. The six patients with 
PSP-tau pathology presented with gait disturbances and 
postural instability that lasted for up to 24 months before 
they developed freezing, start hesitation, and gait initiation 
failure. Phonation diffi  culties, facial immobility, and a 
reduction in the size of handwriting were other early signs. 
Axial rigidity with pronounced neck stiff ness without limb 
rigidity was also a distinctive feature.12,83 Supranuclear 
downgaze paresis and blepharospasm developed late in 
most patients but, in contrast to Richardson’s syndrome, 
frontolimbic cognitive defi cits and bradyphrenia were not 
prominent.12,13 The median duration of disease was 
11 years. 

The diagnostic criteria for PSP-PAGF have not been 
prospectively studied and require assessment of symptoms 
over 5 years; therefore, their true clinical value is unknown. 
A prospective study of patients with isolated gait freezing 
(ie, not the full syndrome of PAGF) showed that several 
diseases, including subcortical white matter ischaemia 
(Binswanger leukoaraiosis), Parkinson’s disease, and 
dementia with Lewy bodies, can also present in this way.84 

In a small clinical series, the acoustic startle response 
was absent in most patients with Richardson’s syndrome 
or PSP-P but was present in all patients with PSP-PAGF. 
The acoustic startle response is generated in the nu-
cleus reticularis pontis caudalis, in which there is less 
severe pathology according to pathological studies of 
PSP-PAGF.13,16,17 The auditory blink refl ex, by contrast, is 
mediated by midbrain structures and passes through the 

Richardson’s 
syndrome

PSP-P PSP-PAGF PSP-CBS PSP-PNFA Parkinson’s disease

Rigidity Axial much more 
than limb

Axial less than or the same as 
limb

Axial Yes Sometimes Limb much more 
than axial

Bradykinesia Mild Moderate Moderate Yes Mild Moderate

Tremor No Yes/no (rest or jerky postural) No No No Yes (at rest)

Early falls Yes No No Sometimes Sometimes No

Early postural instability Yes No Yes ·· ·· No

Early cognitive decline Often No No No Yes No

Early abnormalities of 
eye movement 

Yes No No No Sometimes No

Response to levodopa No Often No No No Usually

Hyposmia No No ·· ·· ·· Yes

Cardiac MIBG Normal Normal* Normal* ·· ·· Abnormal

PSP=progressive supranuclear palsy. CBS=corticobasal syndrome. PAGF=pure akinesia with gait freezing. PNFA=progressive non-fl uent aphasia. MIGB=¹³¹I-labelled 
meta-iodobenzylguanidine. ··=unknown.  *Author’s unpublished data. 

Table 1: Clinical features of Richardson’s syndrome, PSP-PAGF, PSP-CBS, PSP-PNFA, and Parkinson’s disease
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upper medulla and superior olivary complex.85 This refl ex 
was absent in most patients with Richardson’s syndrome 
but was preserved in all patients with PSP-P or PSP-
PAGF.13,16,17

PBS-CBS
PSP-CBS is characterised by progressive, asymmetric 
dyspraxia, cortical sensory loss, including an alien limb,  
jerky dystonia of the limb with rigidity, and bradykinesia 
that is unresponsive to levodopa.86 PSP-CBS was fi rst 
described in patients with corticobasal degeneration.87 
Pathological series have indicated that only 50% of patients 
with CBS have pathology that is typical of corticobasal 
degeneration, which is characterised by achromatic, 
balloon-shaped neurons and prominent diff use cortical 
glial tau pathology, including neuropil threads, coiled 
bodies, and astrocytic plaques that immunostain strongly 
with antibodies to 4R tau. Cerebrovascular disease, 
Alzheimer’s disease, and progressive supranuclear 
pathology account for most of the other patients.14, 88–91

PSP-CBS seems to be a rare presentation of PSP-tau 
pathology; only fi ve patients from a pathological series of 
160 patients with PSP were identifi ed with asymmetric 
limb dystonia, apraxia, and alien limb phenomena.14 
Cortical sensory loss and aphasia were seen in some 
patients. None of these patients developed postural 
instability or falls within the fi rst year of disease, and 
dysarthria, dysphagia, and axial rigidity were also absent 
early on. Most patients with PSP-CBS eventually develop 
postural instability but this occurs much later than in 
Richardson’s syndrome.14,89 An increase in latency to 
initiate saccadic eye movements, which leads eventually to 
compensatory head tilts, is the most common eye 
movement abnormality and is typically more pronounced 
on the side on which the apraxia predominates.92 The 

distinction between this and the typical slowness of 
saccadic eye movements in Richardson’s syndrome can be 
diffi  cult to make early in the course of the disease.92,93 
Patients with advanced disease might also develop some 
mild slowing of saccadic velocity, although this is not as 
severe as that seen in Richardson’s syndrome. 

PNFA 
PNFA is a disorder of language that is characterised by 
non-fl uent spontaneous speech, with hesitancy, agramma-
tism, and phonemic errors that require substantial eff ort 
in speech production.94 PNFA fi ts within the spectrum of 
frontotemporal dementia syndromes and might be seen 
in corticobasal syndrome.95 There are several components 
to the speech and language diffi  culties in PNFA, including 
apraxia of speech, which describes errors in the timing, 
coordination, and initiation of speech, that are secondary 
to disorders of motor command.96 Clinically, apraxia of 
speech is evident during serial repetition, and although it 
usually accompanies agrammatism, it has been reported 
as an isolated, early sign of PNFA.15 In a small case series, 
fi ve of seven patients who presented with PNFA and 
prominent early apraxia of speech had underlying PSP-tau 
pathology.97 The other two patients had Pick’s disease and 
corticobasal degeneration, respectively. The apparent 
specifi city of prominent early apraxia of speech for 
tauopathies, particularly PSP-tau pathology, has lead to the 
suggestion that this syndrome should be regarded as a 
clinical subtype of PSP (PSP-PNFA). Patients who present 
with prominent early apraxia of speech do so at similar 
ages of onset or disease duration as patients with 
Richardson’s syndrome.15,97 PNFA with less prominent 
apraxia of speech is more likely to be due to cortico-
basal degeneration or frontotemporal lobar degeneration 
with tau-negative and ubiquitin-positive inclusions.97 
These fi ndings are yet to be replicated and are con-
spicuously absent from other clinicopathological series of 
patients who presented with frontotemporal dementia 
syndromes.95

Conclusions
The classic Richardson’s syndrome is the most distinctive 
clinical disorder related to PSP-tau pathology. As with other 
neurodegenerative conditions, including Alzheimer’s 
disease,30 idiopathic Parkinson’s disease,98 and even among 
patients with monogenetic parkinsonism99 and fronto-
temporal dementias,100 there is clinical variability among 
patients with PSP-tau pathology. The identifi cation of 
PSP-P, PAGF, PSP-CBS, and PNFA indicate that there are 
other related but distinct clinical syndromes in addition to 
Richardson’s syndrome. The pathological hallmarks of 
PSP cannot any longer be thought to predict the clinical 
features of Richardson’s syndrome reliably, and the clinical 
variants challenge the singularity of clinicopathological 
PSP. Nevertheless, the disease subtypes can be included 
under the generic term PSP owing to a similar rapidly 
progressive course that leads to death in 6 to 12 years and a 

Clinical features

Frontal cortex Dysexecutive syndrome; progressive 
non-fl uent aphasia; perseveration; 
impulsivity

Parietal cortex Alien limb

Substantia nigra Rigidity; bradykinesia; postural 
instability; dystonia

Extranigral midbrain dopamine 
neurons

No response to levodopa

Periaqueductal grey and raphe 
nucleus

Sleep disturbances

Dentate nucleus Gaze fi xation (excess of square wave 
jerks)

Pontine and medullary nuclei Dysarthria; dysphagia

riMLF (premotor burst neurons) Slow saccades

Cholinergic neurons of the lower 
pontine reticular formation

No startle response; 
oculomotor dysfunction

riMLF=rostral interstitial nuclei of the medial longitudinal fasciculus.

Table 2: Clinical and anatomical correlations of progressive supranuclear 
palsy-tau pathology



www.thelancet.com/neurology   Vol 8   March 2009 277

Review

broadly similar pathology, including 4R tau inclusions, 
tufted astrocytes, and coiled bodies. The regional 
diff erences in pathological severity almost certainly 
account for the clinical diff erences and logically correlate 
with the diff erent clinical features (table 2). These 
observations challenge the reliance on prototype clinical 
syndromes to predict pathological fi ndings and further 
emphasise the need for the careful investigation of each 
patient in terms of their natural history, physical signs, 
and genetic abnormalities. 

The early recognition of patients with Richardson’s 
syndrome, PSP-P, PSP-CBS, PAGF, or PSP-PNFA would 
be enhanced by biomarkers for tauopathies and clinical 
criteria with a high positive predictive value for Parkinson’s 
disease, which is the main diff erential diagnosis for these 
conditions and is 30 times more prevalent than PSP.101–103 
Clinical features, such as visual hallucinations, 
drug-induced dyskinesias, hyposmia, and a prolonged 
sustained response to levodopa are uncommon in PSP, 
but have not yet been prospectively assessed in PSP-P, 
PAGF, or PSP-CBS.73,76,104,105

A better understanding of the factors that infl uence 
neuronal vulnerability in the diff erent clinical groups is 
likely to lead to further insights into the pathological 
processes that lead to neurodegeneration. In that sense, 
the clinical assessment of patients is important for 
scientists and clinicians. Whether the abnormal 
aggregation of hypherphosphorylated tau protein in the 
brain links PSP to the other primary tauopathies and will 
prove to be the key abnormality that unlocks the mystery 
of this group of brutal incurable neurodegenerative 
disorders still needs to be understood. 
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