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Prognostic predictors have not been defined for progressive supranuclear palsy (PSP) and multiple system atro-
phy (MSA). Subtypes of both disorders have been proposed on the basis of early clinical features. We performed
a retrospective chart review to investigate the natural history of pathologically confirmed cases of PSP and
MSA. Survival data and several clinically relevant milestones, namely: frequent falling, cognitive disability, unin-
telligible speech, severe dysphagia, dependence on wheelchair for mobility, the use of urinary catheters and
placement in residential care were determined. On the basis of early symptoms, we subdivided cases with PSP
into ‘Richardson’s syndrome’ (RS) and ‘PSP-parkinsonism’ (PSP-P). Cases of MSA were subdivided according to
the presence or absence of early autonomic failure. Sixty-nine (62.7%) of the 110 PSP cases were classified as RS
and 29 (26.4%) as PSP-P. Of the 83 cases of MSA, 42 (53.2%) had autonomic failure within 2 years of disease
onset. Patients with PSP had an older age of onset (P < 0.00l), but similar disease duration to those with
MSA. Patients with PSP reached their first clinical milestone earlier than patients with MSA (P < 0.001).
Regular falls (P < 0.001), unintelligible speech (P =0.04) and cognitive impairment (P =0.03) also occurred earlier
in PSP than in MSA. In PSP an RS phenotype, male gender, older age of onset and a short interval from disease
onset to reaching the first clinical milestone were all independent predictors of shorter disease duration to
death. Patients with RS also reached clinical milestones after a shorter interval from disease onset, compared
to patients with PSP-P. In MSA early autonomic failure, female gender, older age of onset, a short interval from
disease onset to reaching the first clinical milestone and not being admitted to residential care were indepen-
dent factors predicting shorter disease duration until death. The time to the first clinical milestone is a useful
prognostic predictor for survival. We confirm that RS had a less favourable course than PSP-P, and that early
autonomic failure in MSA is associated with shorter survival.
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Introduction cerebellar (MSA-C) or parkinsonian (MSA-P) symptoms

Progressive supranuclear palsy (PSP) and multiple system
atrophy (MSA) are the most common causes of neurodegen-
erative-parkinsonism, after Parkinson’s disease (PD), with
an estimated prevalence for PSP of 6.4 per 100000 and
for MSA of 4.4 per 100000. (Schrag et al., 1999) MSA may
be divided into clinical subtypes, according to whether

predominate (Gilman et al., 1999) and a recent study has
demonstrated that early autonomic dysfunction may also be
a prognostic indicator in MSA (Tada et al., 2007). We have
previously shown that PSP may be classified into two
major clinical subtypes, ‘Richardson’s syndrome’ (RS) and
‘PSP-parkinsonism’ (PSP-P) (Williams et al., 2005).
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Clinical outcomes of PSP and MSA

The two published large natural history studies of
PSP are limited by the low rate of pathological confirma-
tion of the diagnosis (Nath et al., 2003; Golbe and
Ohman-Strickland, 2007). With the exception of a meta-
analysis of 108 papers by Wenning et al., (Wenning et al,,
1997) the few large natural history studies in MSA also lack
pathological confirmation, with only 22 of the 230 patients
described by Watanabe coming to autopsy (Watanabe et al.,
2002). Prospective clinical studies have to contend with
diagnostic uncertainty and selection bias, making analysis of
disease progression and the factors that predict prognosis
difficult. We have attempted to overcome some of these
shortcomings of past research by evaluating a large series of
pathologically confirmed cases of PSP and MSA.

PSP and MSA are commonly mistaken for one another
in clinical practice (Hughes et al., 2002). Because of
difficulties distinguishing one from the other, physicians
often use the imprecise all embracing terms ‘atypical
Parkinsonism’ or ‘Parkinson’s-plus’ syndromes. This study
aims to compare and contrast the clinical features that
predict prognosis of PSP and MSA, using a number of
relevant disability milestones in addition to survival data.
We also aim to further analyse subgroups of these
conditions based on early clinical features, to improve the
prognostic ability of treating physicians.

Methods

Patients

Patients with a pathological diagnosis of PSP and MSA were
identified from the archives of the Queen Square Brain Bank for
Neurological Disorders (QSBB). All cases that came to autopsy
over a 20-year period (1987 and 2007) were included. Some of the
cases have been included in previous reports from the QSBB
(previously known as the Parkinson’s Disease Society Brain
Research Centre); (Fearnley and Lees, 1990; Hughes et al., 1991,
1992; Wenning et al., 1994a, b; Daniel et al., 1995; Wenning et al.,
1995, 2000; Hughes et al., 2002; Morris et al., 2002; Gibb et al.,
2004; Ozawa et al.,, 2004; Williams et al., 2005). The research
presented in this study was approved by the Joint Research Ethics
Committee of the National Hospital for Neurology and
Neurosurgery and the Institute of Neurology.

The diagnosis of PSP was made according to the National
Institute for Neurological Diseases and Stroke-Society for
PSP (NINDS-SPSP) neuropathological criteria (Hauw et al,
1994; Litvan et al., 1996a), and the diagnosis of MSA was
made according to established neuropathological criteria (Papp
et al, 1989; Lowe, 1997). Diagnostic criteria were applied
retrospectively to those cases acquired prior to the publication
of the criteria.

Medical record review

We performed a systematic review of the case files, including the
comprehensive case notes of the family doctor and all of the
correspondence between the family doctor and the medical
specialist. All patients had been assessed by hospital specialists
(neurologists or geriatricians) throughout the course of their
illness. The information gleaned from the case notes was

Brain (2008), 131, 13621372 1363

independently assessed by two neurologists who were blinded to
the pathological diagnosis. Cases were excluded if the medical
records did not contain regular and well-documented statements
of the disease progression.

A clinical data sheet was designed to record the presence or
absence of clinical features either early in the disease course
(within 2 years of first symptom onset) or at any time later in the
disease (Williams et al., 2005). Symptoms were recorded as being
absent if not reported, and clinical signs were recorded separately
as unknown if they were not specifically mentioned in the notes.
Where conflicting clinical features were reported, the findings of
the neurologist were used.

Definitions were as follows (i) Age of onset: age, in years, at the
time of the first reported symptom considered to be attributable
to MSA or PSP (ii) Duration: time between the age of onset and
the age at death (iii) Autonomic dysfunction: either abnormal
autonomic function testing or documentation of any two of
the following symptoms reported by patients: urinary urgency,
frequency and nocturia without hesitancy; chronic constipation;
postural hypotension; sweating abnormalities or erectile dysfunc-
tion. Asymptomatic postural hypotension on clinical examination
(defined as a >20mm systolic blood pressure drop on standing
for 2min) was also included as evidence of autonomic dysfunc-
tion. (iv) Response to levodopa: a reported improvement of
>30% coincident with the introduction of levodopa was recorded
as being a positive response. A 4-point scale modified from the
QSBB annual assessment forms graded this degree of response.
In most cases, the degree of response to levodopa was based on
the clinical impression documented by the treating physician, with
specific changes in formal rating scales of parkinsonism such as
the Unified Parkinson’s Disease Rating Scale, or functional ratings
such as the Barthel’s index of activities of daily living, being less
frequently documented. Formal ratings of improvement post-
levodopa were approximated with clinical impressions as follows:
1=nil, or <30% improvement; 2=moderate response (30-50%
improvement); 3=good response (51-70% improvement); and
4=excellent response (71-100% improvement). A sustained
response to levodopa was defined as a reported benefit after
2 years from commencement of levodopa.

Seven milestones of disease progression were selected on the
basis that all were likely to require additional medical attention,
and to be well documented in the medical records. These were:
frequent falling (defined as falls occurring more than twice
per year, or the documentation of ‘frequent’ or ‘regular’ falls),
cognitive disability, unintelligible speech or the requirement of
communication aids, severe dysphagia or the offering of
percutaneous endoscopic gastrostomy (PEG) tube placement for
feeding, dependence on wheelchair for mobility, the use of urinary
catheters and placement in residential or nursing home care. The
year of onset or occurrence of each milestone was noted. When
the onset was not recorded, we noted the time that the symptom
was first mentioned in the case notes. Significant cognitive
impairment was defined as substantial and apparently permanent
impairment of ability to perform tasks of daily living because of
cognitive disability. (DSM-1V, 1995)

Clinical subdivision of PSP and MSA cases

The PSP cases were subdivided into the two clinical phenotypes:
RS and PSP-P. (Williams et al., 2005) These groups were assigned
according to the number of clinical features present in the first
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Table | Comparison of clinical features in the different disease groups

PSP versus MSA

PSP subtypes MSA subtypes

PSP MSA P RS PSP-P P With EAS  Without EAS P
Number of cases 110 83 69 29 42 37
Percentage of Female (n) 37% (41)  55% (46)  0.013* 32% (21) 54% (14) NS 40% (17)  70% (26) 0.012*
Age of onset Mean £ SD 656+84 568+102 <0007 665+74 632499 NS 547+£95 58.1+10.2 NS
Time between onset and 35+26 37+25 NS 31+£20 40+37 NS 37+23  40+27 NS
diagnosis Mean =+ SD
Disease duration Mean =+ SD 80+4l 79+28 NS . 63+24 117149 <0001" 72427 88+27 0.014"
Age at death Mean=+SD 73.8+8l1 647+90 P<000" 72.8+71 749+93 NS 619+80 669189 001"
Percentage of Patients with 72% 70% NS 86% 41% <0.001" 88% 54% 0.001"
correct clinical diagnosis of
PSP or MSA
Percentage of patients (n) 33.7% (28) 62.9% (44) 0.00I" 17% (8)  65.5% (19) <0.001* 62.5% (20) 6l.1% (22) NS
responsive to L-Dopa
L-dopa response 1.2+09 19+10 <0001" 09406 20+09 <000I" 17410 21£10 NS
Mean + SD
Percentage of of patients 18 (27.7%) 24 (34.3%) NS 5(10.6%) 12 (414%) 0.004* 12 (375%) 10 (27.8%) NS
with sustained response
to L-Dopa >2 years
NS = non-significant, EAS = early autonomic symptoms.
*Chi Squared test, fStudent’s t-test.
2 years of disease. When falls, cognitive dysfunction, supranuclear Results

gaze palsy, abnormalities of saccadic eye movements and postural
instability were the predominant clinical features, patients were
categorized as RS. PSP-P was considered when bradykinesia or
tremor, levodopa response, asymmetric onset and limb dystonia
dominated the clinical picture in the first 2 years (Williams et al.,
2005). When features of both groups were equal in the first
2 years patients were grouped as ‘unclassifiable’.

In cases of MSA, we compared those patients presenting with
symptoms and signs of autonomic dysfunction within the first
2 years from disease onset. Because of referral bias to the QSBB,
which specializes in parkinsonian disorders, the vast majority of
MSA cases were of the MSA-P subtype. Therefore, comparisons
between MSA-P and MSA-C were not possible.

Statistical analysis

Clinical details including age at disease onset, age at death, disease
duration were compared between patient groups. Mean results
and comparisons for each milestone of advanced disease refer
only to those patients in whom one of these event occurred.
Univariable analyses using x> for categorical and two-tailed t-test
or the Mann—-Whitney U-test, as appropriate, for continuous
variables were applied. The interval in years from first symptom
onset to each clinical milestone or death was graphically assessed
using Kaplan-Meier curves, and curves from each patient
subgroup were compared with the log rank test. Cox multiple
stepwise regression analysis was performed in MSA and PSP for
disease duration, using clinical factors present around disease
onset (within the first 2 years), the presence of clinical milestones
and gender as categorical covariates, with age at onset and the
interval from disease onset to reaching each clinical milestone as
continuous variables. Statistical analyses of data were performed
with SPSS version 12.0 (SPSS, Chicago, IL).

Patient characteristics

We identified 123 cases of PSP and 93 cases of MSA for
review. Twenty-three of these (13 PSP, 10 MSA) were
excluded because of inadequate information in the medical
records.

Of the 110 cases of PSP, 69 (62.7%) had RS and 29
(26.4%) PSP-P. Of the PSP, 12 (10.9%) cases were
unclassifiable because of incomplete documentation of the
initial presenting symptoms, or equal numbers of symp-
toms in the ‘RS’ and ‘PSP-P’ criteria. Of the 83 cases of
MSA, 42 (53.2%) had documented autonomic failure
within 2 years of disease onset.

A higher proportion of RS (86%) patients than PSP-P
(41%) cases were diagnosed accurately during life as having
PSP (x* P<0.001). Patients with early autonomic dysfunc-
tion were more likely to be diagnosed during life with MSA
(x>, P=0.001). A higher proportion of males were seen
amongst the cases of MSA with early autonomic dysfunc-
tion (male:female 1.5:1.0), than in the group of patients
without early autonomic dysfunction (0.4:1.0, x7
P=0.0012). Clinical features were compared between cases
with MSA or PSP, in addition to comparisons between
clinical subgroups of MSA and PSP in Table 1.

Survival comparisons between patient groups
Patients with PSP were older at disease onset than those
with MSA, (#-test, P<0.001), but disease duration was
similar. See Table 1, and Fig. 1A-E for Kaplan-Meier
survival curves. RS and PSP-P groups had similar mean
ages of disease onset, however, patients with RS had
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Fig. | Kaplan-Meier survival curves from symptom onset according to clinical subtypes. (A) Interval from disease onset to death in PSP
and MSA (years). Log Rank (Mantel-Cox) df = I, P=0.5. PSP, green doted line; MSA, blue dotted line. (B) Interval from disease onset to
death in PSP subtypes (years). Log Rank (Mantel-Cox), df =2, P =0.000. RS, green doted line; PSP-P, blue dotted line; Unclassified, Yellow
dotted line. (C) Interval from disease onset to death in MSA subtype (years). Log Rank (Mantel-Cox), df = |, P =0.037. Early autonomic
dysfunction, green dotted line; No early autonomic dysfunction, blue dotted line. (D) Interval from disease onset to death in PSP subtype
(years) according to the age of symptom onset. Log Rank (Mantel-Cox), df =2, P =0.0ll <60-years-old, blue dotted line; 60- to 699-year-
old, green dotted line; >70-years-old, yellow dotted line. (E) Interval from disease onset to death in MSA subtype (years) according to the
age of symptom onset. Log Rank (Mantel-Cox), df =2, P =0.000. Less than 50-years-old, blue dotted line; 50- to 599-years-old, green
dotted line; > 60-years-old, yellow dotted line.
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Table 2 Independent predictors of disease duration in PSP
and MSA from the Cox multiple regression analysis on early
clinical features, age and sex

HR 95% Cl P-value
PSP
RS phenotype 237 1.21-4.64 0.0l
Age of onset 105  1.02-1LI 0.005
Male gender 1.7 1.03-2.9I 0.038
Interval between disease onset and 0.8 0.71-09 <0.00I

reaching first clinical milestone

MSA

Not admitted to residential care 2.8 1.45-5.46 0.002
Early Autonomic dysfunction 6.0 31117 <0.001
Age of onset 105  1.02-1LI 0.003
Female gender 30 1.7-54 <0.001
Interval between disease onset and 0.58 049-0.68 <0.00I

reaching first clinical milestone

a shorter disease duration than those with PSP-P [¢-test
P<0.001, Log Rank (Mantel-Cox), P<0.001]. Patients with
MSA and early autonomic dysfunction had similar mean
ages of disease onset, but had a shorter disease duration
[t-test, P=0.0014, Log Rank (Mantel-Cox), P=0.037], than
those patients without early autonomic dysfunction.
Figure 1D-E describe survival curves in PSP and MSA
according to the age of disease onset.

Multivariate analyses performed using the Cox multiple
stepwise regression model identified several clinical factors
that independently influence disease duration. In PSP an RS
phenotype, male gender, older age of onset and a short
interval from disease onset to reaching the first clinical
milestone were all independent predictors of shorter disease
duration until death. In MSA early autonomic dysfunction,
female gender, older age of onset, a short interval from
disease onset to reaching the first clinical milestone and not
being admitted to residential care were independent factors
predicting shorter disease duration until death (Table 2). In
the UK, males aged 65 have a life expectancy of 16.9 years,
which is 2.8 years less than females at this age (Office of
National Statistics, 2007). Whilst these gender differences
may partially explain the reduction of life expectancy in
males compared with females with PSP by 5.6 years, they
cannot account for gender differences seen in MSA.

A grading of the response to levodopa was possible in
82 (75%) of patients with PSP, and in 70 (74%) of those
with MSA. When analysed as a multivariate predictor of
outcome in PSP and MSA, neither the grade of response,
nor the presence of a sustained response were significant.

Clinical milestones—comparison between
PSP and MSA

Of the patients, 93% had at least one recorded clinical
milestone, with similar mean number of clinical mile-
stones per patient seen in PSP (2.8 £1.5) and MSA
(2.74+1.6) (Fig. 2). Those patients who had disease

S. S. O’Sullivan et al.
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Fig. 2 Number of clinical milestones per patient prior to death
according to diagnosis.

durations of >10 years also had a mean number of
milestones of 2.5+ 1.6 per person. Frequent falls was the
most common first milestone in both PSP (63.6%) and
MSA (39.3%). In PSP, the next most frequent first
milestone was cognitive impairment (15.4%) whereas in
MSA it was urinary catheterization (29.4%). Approximately
10% of patients in both groups reached more than one
‘first milestone’ simultaneously. Patients with PSP reached
their first milestone earlier in the disease (mean 3.9 £2.7
years), than patients with MSA [5.34+2.2 years; t-test,
P<0.001, Log Rank (Mantel-Cox), P=0.004]. PSP patients
reached most clinical milestones earlier than MSA, except
urinary catheterization (See Table 3 and Fig. 3). Figure 4
shows the timing of the clinical milestones of disease
advancement and total disease course in MSA and PD,
compared with 97 PD cases from the QSBB database
(Kempster et al., 2007).

Clinical milestones—comparison between
PSP subtypes

Patients with RS reached their first clinical milestone earlier
than PSP-P [t-test, P<0.001 Log Rank (Mantel-Cox),
P<0.001]. More patients with RS developed frequent
falls ( XZ, P=0.001), significant cognitive impairment ( XZ,
P=0.005) and severe dysphagia (x°, P=0.02) than patients
with PSP-P. Wheel chair dependence and residential
care occurred in equally as often in patients with RS and

PSP-P, but time to these milestones was shorter in RS
(Table 3).
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Table 3 Comparison of number of patients and time to reach milestones of disease advancement in the different disease

groups

PSP versus MSA PSP subtypes MSA subtypes

PSP MSA P RS PSP-P P With EAS  Without EAS P
Frequent falls:
N (%) 84 (82%) 47 (59%) 0.001* 60 (92%) 15 (60%) 0.00I* 22 (55%) 23 (64%) NS
Years from disease onset 39+2.5 55+22 <000l" 29415 60+30 0002° 574+22 54424 NS
Years to death mean £ SD 38+24 28+20 o0 3.1+2.5 25432 NS 19+1.5 38+20 0.002
Wheelchair dependant:
N (%) 48 (46%) 43 (54%) NS 32 (47%) 13 (50%) NS 23 (55%) 19 (56%) NS
Years from disease onset 64+27 67+22 NS 52419 91 +2.6 <0001"  66+2.5 69+18 NS
Years to death mean £ SD 1.6+1.2 14+1.3 NS 07 %1l 08413 NS LI £LI 19+14 004"
Unintelligible speech:
N (%) 39 (38%) 34 (41%) NS 28 (44%) 6 (23%) NS 14 (33%) 19 (53%) NS
Years from disease onset 60+2.5 72420 004 574+23 70+39 NS 6.7+20 76+20 NS
Years to death: mean+SD  |.5+15 1.7+1.6 NS 054+09 07+£17 NS 1.7 +14 1.8+17 NS
Severe dysphagia:
N (%) 35 (33%) 26 (32%) NS 28 (42%) 4 (15%) 0.02* 13 (32%) 12 (33%) NS
Years from disease onset 64+24 72+23 NS 59+19 94+3.8 NS 71 +£2.4 76+2.3 NS B
Years to death: mean=SD  1.0% LI 14+£1.2 NS 04+07 024+09 NS 09+0.8 20+1.3 0.02'
Urinary catheter:
N (%) 27 (26%) 49 (60%) <0.001" 18 (27%) 6 (23%) NS 29 (71%) 18 (50%) NS
Years from disease onset 6.3£3. 6.1 +2.6 NS 54+27 83£32 NS 58+27 69423 NS
Years to death: mean+SD 1.2+l 19+17 0.027 03+08 02406 NS 19+1.5 2.14+20 NS
Cognitive impairment:
N (%) 54 (52%) Il (14%) <0.001" 41 (62%) 7 (28%) 0.005* 5 (13%) 5 (14%) NS
Years from disease onset 42429 62+24 003" 37424 65447 NS 6.6+2.5 66+20 NS
Years to death: mean+SD 24+ 18 LI £LI 0.005" 14+£19 0.5+10 00017 09+0.5 08412 NS
Residential care:
N (%) 27 (26%) 14 (18%) NS 19 (28%) 5 (19%) NS 5 (12%) 9 (25%) NS
Years from disease onset 6.1 £3.0 79433 NS 48+20 99+22 0.003" 90420 73438 NS
Years to death: mean+SD  1.8+1.3 2.1+18 NS 04+07 05+13 NS 08+06 27+19 0.02"
First milestone:
N (%) 100 (91%) 79 (95%) NS 68 (99%) 20 (69%) <0.001* 40 (95%) 35 (95%) NS
Years from disease onset 39+27 53+22 <000 28417 624+29 <0007 54424 54+2.1 NS
Years to death: mean+SD 37422 26419 00017 35421 44+28 NS 2015 34422 0.002"

N =number of patients in the disease group that reached the referred milestone, NS = non-significant, EAS = early autonomic symptoms.

*Chi Squared test; Students t-test.

Clinical milestones—comparison between
MSA subtypes

No difference was seen in the proportion of patients with
MSA reaching clinical milestones, or in the intervals from
disease onset to these milestones, when this group is divided
according to the presence of early autonomic dysfunction.

Discussion

Previous studies investigating the natural history of PSP,
(Papapetropoulos et al., 2005), (Golbe et al., 1988; Nath
et al., 2003) and MSA (Klockgether et al., 1998; Watanabe
et al, 2002) have identified clinical features potentially
associated with worse prognoses. To our knowledge this
study is the first natural history study supported by
pathological diagnostic confirmation in all cases. We
found that patients with PSP had a significantly later age

of onset than those with MSA, had more rapid progression
to the first clinical milestone and developed more mile-
stones before death. Gender, age at disease onset and the
time to reach any of the seven milestones of disease
advancement were shown to predict disease duration. Apart
from being admitted to residential care in MSA, no single
milestone was found to influence survival, which may
suggest that the intrinsic clinical subgroups of PSP and
MSA have more prognostic significance and independently
influence disease duration.

The mean disease duration in both PSP (8.0 £4.1 years)
and MSA (7.942.8) in our study was similar to previous
clinical studies (Maher and Lees, 1986; Golbe et al., 1988;
Ben-Shlomo et al., 1997; Testa et al., 2001; Watanabe et al.,
2002; Golbe and Ohman-Strickland, 2007). Patients with
PSP reached the majority of the clinical milestones after
a significantly shorter interval from disease onset than in
MSA, with only urinary catheterization tending to occur
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Fig. 3 Comparison between PSP and MSA of interval from disease onset to reaching clinical milestones. (A) Interval in years from disease
onset to the first clinical milestone reached. Log Rank (Mantel-Cox), df = I, P =0.004. PSP, green dotted line; MSA, blue dotted line.

(B) Interval in years from disease onset to developing frequent falls. Log Rank (Mantel-Cox), df = I, P =0.003. PSP, green dotted line,
MSA, blue dotted line. (C) Interval in years from disease onset to developing significant cognitive impairment. Log Rank (Mantel-Cox),
df =1, P=0.07. PSP, green dotted line MSA, blue dotted line. (D) Interval in years from disease onset to developing significant dysphagia.
Log Rank (Mantel-Cox), df =1, P =0.29. PSP, green dotted line; MSA, blue dotted line. (E) Interval in years from disease onset to
developing wheelchair dependence. Log Rank (Mantel-Cox), df = I, P =095. PSP, green dotted line; MSA, blue dotted line. (F) Interval in
years from disease onset to developing unintelligible speech. Log Rank (Mantel-Cox), df = I, P =0.28. PSP, green dotted line; MSA, blue
dotted line. (G) Interval in years from disease onset to requiring urinary catheterization. Log Rank (Mantel-Cox), df =1, P =0.79. PSP,
green dotted line; MSA, blue dotted line. (H) Interval in years from disease onset to requiring residential care. Log Rank (Mantel-Cox),
df =1, P=0.23. PSP, green dotted line, MSA, blue dotted line.

earlier in the course of MSA. This suggests that although  impairment (mean 2.4 years) may be of particular relevance
disease duration in these two conditions is similar, PSP is  for families attempting to care for patients at home, and
more debilitating. It also suggests that although the  may explain why more patients with PSP required

milestones are useful indicators of morbidity, their relation- residential care after a shorter interval from disease onset,
ship to the actual causes of death is not straightforward.  than those with MSA.
Our finding that patients with PSP have a longer duration Smaller studies of pathologically confirmed PSP

of frequent falling (mean 3.8 years) and cognitive  cases have suggested that early falls and dementia
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Fig. 3 Continued.

(Papapetropoulos et al., 2005), and early dysphagia and
urinary incontinence (Litvan et al., 1996b), are poor
prognostic indicators. Using a Cox multiple stepwise
regression analysis we show that male gender, a short
interval from disease onset to any clinical milestones and
older age of onset are also independently associated with
shorter disease duration in PSP. Another study of clinical
cases of PSP found that older age of disease onset, but not
gender, was associated with a significantly higher relative
mortality (Golbe et al., 1988; Nath ef al., 2003). The most
significant predictor of a decreased survival in PSP is the RS
clinical subtype (HR=2.37, 95% CI=1.21-4.64). This
recently defined subgroup of PSP has been shown to have
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more severe tau pathology (Williams ef al., 2007), and a
subtly different insoluble tau-isoform composition than
PSP-P (Williams et al., 2005).

No studies have assessed the clinical progression of the
proposed PSP subtypes, although early falls, a diagnostic
feature of RS, has been associated with a shorter survival
(Williams et al., 2006). In our study, RS patients had a
similar age at disease onset but more rapid disease
progression than patients with PSP-P. This is seen not
only in the Kaplan-Meier survival curves, which demon-
strate a shorter disease course in RS, but also in the total
number of other milestones reached. Patients with RS
developed frequent falls and became wheelchair dependant
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Fig. 4 Milestones of disease advancement and total disease
course. The grey rectangles represent disease duration, commen-
cing with the time point of first symptoms. The vertical lines
denote time of clinical diagnosis of a parkinsonian or cerebellar
syndrome (Dx) and time of documentation of milestones of disease
advancement (Residential care, R; Cognitive disability, C;
Dysarthria/dysphagia, D; Frequent falls, F; Wheelchair dependant,
W; Urinary catheter, U). Error bars for standard error of

the mean.

earlier than those with PSP-P. There was also a trend for
patients with RS to reach non-ambulation-related mile-
stones (severe dysphagia, unintelligible speech, significant
cognitive impairment, urinary catheterization) and to
require residential care at an earlier stage.

In MSA, we identified a number of clinical features that
were associated with a poor prognosis: female gender, an
older age of onset, a short interval from disease onset to the
development of the first clinical milestone and not being
admitted to residential care were independent factors
predicting shorter disease duration until death. Older age
of MSA onset was associated with increased risk of death
and wheelchair dependence in a study by Watanabe and
colleagues, although gender did not affect prognosis
(Watanabe et al., 2002). Klockgether and colleagues found
older age of disease onset was associated with decreased
survival. Although the risk of wheelchair dependence was
greater in females, there was no significant male—female
survival difference (Klockgether et al., 1998). The apparent
beneficial effect on survival from admission to a nursing
home is interesting, as this is not seen in PSP. Milestones
like severe dysphagia are seen in a similar proportion of
patients with PSP, which may suggest that in MSA more
than PSP, clinical aspects other than nutritional safety
may benefit from nursing home care. This may include
management of urinary tract infections, which were
shown to be a cause of death in 5/21 cases in MSA
(Papapetropoulos et al., 2007).

The most important early clinical prognostic feature
regarding survival we identified in MSA was that of early
autonomic dysfunction (HR=6.0, 95% CI=3.1-11.7).

S. S. O’Sullivan et al.

In previous studies in non-pathologically confirmed cases,
which compared outcomes according to prominent symp-
tom types, MSA-P patients have been shown to have
more rapid functional deterioration than MSA-C patients
(Schulz et al., 1994; Watanabe et al., 2002). This finding
was not replicated in a study of 49 pathologically proven
MSA cases, with Tada and colleagues instead describing a
poor prognosis in patients presenting with autonomic
dysfunction within 2.5 years of the onset of MSA symptoms
(Tada et al., 2007). Patients with concomitant motor and
autonomic dysfunction within 3 years of symptom onset
had a shorter survival duration, in addition to becoming
wheelchair dependant and bed-ridden at an earlier stage
than those who developed these symptoms after 3 years
from symptom onset (Watanabe et al., 2002).

Patients with MSA with autonomic dysfunction had
shorter disease duration but similar age of disease onset.
The higher proportion of males in the autonomic
dysfunction group almost certainly reflects the presence of
erectile failure as an early symptom in contrast to the lack
of documentation of secondary anorgasmia as a symptom
of sexual dysfunction in women, a finding noted in
previous studies (Wenning et al., 1994a). Therefore, we
feel that these data do not necessarily support an
assumption of early autonomic dysfunction being more
common in male patients with MSA as compared with
females. Although we did not find differences between MSA
subgroups when analysing the interval from disease onset to
the development of other clinical milestones, we show that
when patients with early autonomic dysfunction develop
frequent falling, or wheelchair dependence, or severe
dysphagia, or require residential care, there is a shorter
interval from this point to death. These findings may
suggest an accelerated later stage of disease progression in
this patient subgroup.

The response to levodopa did not influence survival in
MSA or PSP. A higher proportion of patients with MSA
(62.9%) than PSP (33.7%) showed improvement when
levodopa was started, although there was little difference in
frequency of sustained levodopa response. These response
rates in MSA are similar to previous series with patholog-
ical confirmation, which show that between 30% and 70%
benefit from levodopa (Wenning et al., 2004). Data on
levodopa response in PSP is limited, with response rates of
between 30% and 50% described in series without
pathological confirmation, of which many show only mild
and short-lived improvement (Burn and Warren, 2005).
Even if patients with PSP or MSA continue to respond to
levodopa, the degree of the response is likely to be modest
and insufficient to alter the overall survival. This contrasts
with PD, in which a much higher proportion of patients
respond to levodopa, with the majority of recent studies
suggesting that levodopa reduces mortality in PD at least to
a modest degree (Katzenschlager and Lees, 2002).

Pathological ascertainment is the great strength of our
study, but there are limits to the accuracy of reconstruction
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of clinical histories from medical records that may be
compiled by professionals with various levels of clinical
expertise, and without methodological uniformity. The
milestones were generally identified with confidence, but
it was harder to be sure that a particular clinical feature
never occurred. Less frequent clinical follow-up may have
delayed the first recording of a milestone in some cases.

The selection bias of a brain bank post-mortem series
may also account for differences in our findings compared
with previous clinical studies. Potential biases identified in
previous autopsy studies include an over-representation
of demographically less-typical and diagnostically more
challenging cases, thereby leading to elevated rates of
misdiagnosis and excessively pessimistic survival data
(Maraganore et al,, 1999). Because the QSBB specializes
in parkinsonian disorders, we may be more likely to have a
disproportionate amount of cases with MSA-P phenotypes
in our analysis, potentially reducing the ability to generalize
our findings to cases of MSA with more prominent early
cerebellar features. Similarly, it is possible that our cohort
of PSP cases may be more likely to represent a parkinsonian
phenotype, rather than PSP cases with prominent behav-
ioural or cognitive presentations.

Common clinical experience and past research show that,
in comparison to PD, both PSP and MSA are malign
disorders. Some of the reasons for this are apparent in
Fig. 4. In PSP, cognitive and gait milestones were reached
relatively early and patients tended to survive with
substantial disability for several years. Mean age of onset
of MSA was younger than both PD and PSP, but the time
between first symptoms and death was similar to PSP and
much shorter than PD. In MSA, many disability milestones
accumulated over a short period of time, with deleterious
effect. This perspective of the whole disease course should
help clinicians to anticipate patterns of disease progression
in the palliative management of patients with PSP and
MSA. Our findings may also furnish historical control data
for future interventional studies.
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