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Abstract
We investigated the distribution of different etiologies underlying Parkinsonism in a
hospital-based autopsy collection, studied the demographic data and evaluated diagnostic
accuracy using histopathological examination as the gold standard. Out of a total of 9359
consecutive autopsy cases collected between 1914 and 2010, we identified 261 individuals
who carried a clinical diagnosis of a Parkinsonian syndrome at death. A detailed neu-
ropathological examination revealed idiopathic Parkinson’s disease (PD) in 62.2%, pro-
gressive supranuclear palsy (PSP) in 4.2%, multiple system atrophy (MSA) in 2.3%,
corticobasal degeneration (CBD) in 1.2%, postencephalitic Parkinsonism (PEP) in 2.7%,
vascular Parkinsonism (VaP) in 8.8% and Alzheimer-type pathology (ATP) of the substan-
tia nigra in 8%. The diagnostic accuracy of PD in our cohort was lower (71.2%) than those
reported in previous studies, although it tended to increase during the last decades up to
85.7%. Of particular interest, we found that PD, while being the most frequent cause of
Parkinsonism, was greatly overdiagnosed, with VaP and ATP being the most frequent
confounding conditions.

INTRODUCTION
Parkinsonism is a clinical syndrome characterized by the presence
of bradykinesia variably associated with resting tremor, rigidity
and postural instability. The most common underlying pathologies
include neurodegenerative disorders such as idiopathic Parkin-
son’s disease (PD), multiple system atrophy (MSA), progressive
supranuclear palsy (PSP) and corticobasal degeneration (CBD).
Other etiologies are vascular, genetic, toxic, postencephalitic or
drug-related conditions [see for review Ince et al (20)]. The dif-
ferential diagnosis is often challenging, especially in the early
phase of the disease. An accurate clinical diagnosis, however, is
essential for assessing the prognosis, for choosing the adequate
treatment or for quality cohort selection in clinical trials. Misdi-
agnoses, in fact, are not infrequent, though some improvement
in diagnostic accuracy has been observed during the last years (14,
18, 21, 30, 37). In most of these studies, however, patients were
followed at movement disorders clinics, thus the observed statis-
tics may not be representative of Parkinsonian syndromes rou-
tinely managed in the community or by general neurologists.

The objective of our retrospective study was to investigate
the distribution of the different etiologies of Parkinsonism in a
large, hospital-based autopsy cohort and to evaluate the diagnostic
accuracy of PD.

METHODS

Patients

Our study material covers the period between 1914 and 2010, of
the Geriatric and Psychiatric Departments of the University Hos-
pitals of Geneva. We reexamined all autopsy cases (n = 9359), in
which any form of a Parkinsonian disorder had been clinically
diagnosed, such as PD, vascular Parkinsonism (VaP), postencepha-
litic Parkinsonism (PEP), MSA, PSP, CBD and drug-induced Par-
kinsonism (DIP). The clinical diagnoses had been established by
neurologists, psychiatrists or specialists of internal medicine. In
order to assess the accuracy of the original clinical diagnoses, we
used those as they appeared in the patients’ final medical record at
autopsy. Cases with “Parkinsonian gait,” “Parkinsonian tremor”
or “akinetic-rigid syndrome,” but without the explicit mention of
“PD,” have been categorized as “unspecified Parkinsonian syn-
drome” (UPS). There was no suspected or diagnosed genetic Par-
kinsonian disorder in our series. Within the group of clinical PD,
cases with or without dementia were not distinguished and both
were classified as PD. Clinical diagnoses of striato-nigral degen-
eration, olivopontocerebellar atrophy and Shy–Drager syndrome
were categorized as MSA. Additionally, age at death, gender,
medical history of encephalitis or use of dopamine receptor
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blocking agents and—when available—disease duration, main
comorbidities and cause of death were noted.

Neuropathological study

Brains were fixed at autopsy in 15% formaldehyde for 4 weeks. In
all cases, the mesencephalon was embedded in paraffin for neu-
ropathological diagnosis. Brains were then stored in 5% formal-
dehyde for years or decades. For the present study, the original
paraffin blocs of the mesencephalon, including the pars compacta
of the substantia nigra (SN), were cut and stained with HE and
antibodies anti-a-synuclein (AS—Sigma, St. Louis, MO, USA;
1/1’000), anti-tau (Pierce Biotechnology, Rockford, IL, USA;
1/1’000) and anti-ubiquitin (Sigma; 1/100). On the HE-stained
slides, the degree of neuronal loss was assessed using a semiquan-
titative scale (absent, mild, moderate, severe).

In the presence of AS-immunoreactive classical brainstem-type
Lewy bodies (LB), the diagnosis of idiopathic PD was retained as
the origin of Parkinsonism, even if tau-immunoreactive inclusions
coexisted. Moreover, to define the different subtypes (brainstem,
limbic or neocortical) of Lewy body disease (LBD), the five
cortical regions, proposed by the first Consortium on Dementia
with Lewy bodies, were taken and examined using anti-AS
immunohistochemistry (33).

To identify other neurodegenerative causes, in the absence of
LBs, the neuropathological examination was extended to the fol-
lowing brain regions: the anterior hippocampus and the inferior
temporal cortex, the peri-rolandic area (posterior frontal and ante-
rior parietal gyri), the basal ganglia including the caudate nucleus,
the putamen and the globus pallidus, the thalamus, the subthalamic
nucleus, the pons at the level of the locus coeruleus (LC), the
medulla oblongata at the level of the cranial nerve nuclei X and
XII, the inferior olivary nucleus and the intermediate reticular
zone, and the dentate nucleus of the cerebellum. Histological
slides were stained with HE and immunohistochemistry, using
the following antibodies: anti-tau AT8, anti-a-synuclein, anti-
ubiquitin (see above) and anti-amyloid 4G8 (Signet Laboratories,
Dedham, MA, USA; 1/2’000). In addition, for all cases the sever-
ity of cortical tau pathology was determined according to the
Braak staging (5).

For the neuropathological diagnosis of CBD, PSP and MSA, we
applied the most widely used neuropathological criteria (10, 11,
20, 28, 29). We retained “Alzheimer-type pathology” (ATP) as
the origin of Parkinsonism when significant tau pathology and
neuronal loss were present in the SN (15, 16) with Braak stage
for neurofibrillary tangles (NFTs) three or more, after exclusion of
any other etiology (5).

PEP was the neuropathological diagnosis when encephalitis,
following the 1918 Spanish flu epidemics, was reported in the
medical records and the SN showed widespread NFTs accompa-
nied by neuronal loss and astrocytosis (20).

All macroscopic and histologic vascular lesions were noted. We
retained VaP, in accordance with previously used criteria, in the
absence of AS or tau inclusions, when a severe lacunar state was
present in the basal ganglia or in the periventricular white matter or
a vascular lesion in the SN with contralateral hemiparkinsonism
(19, 23, 32, 45). We concluded DIP—after the exclusion of other
etiologies—when the Parkinsonian syndrome appeared in relation
to a documented treatment by a dopamine receptor-blocking drug.

The Ethics Committee of the University Hospitals of Geneva
approved the study.

RESULTS
We found 261 cases out of 9359 autopsies, with a clinical diagno-
sis of a Parkinsonian syndrome. The vast majority (79.8%) carried
a diagnosis of PD; the distribution of the other clinical diagnoses
is shown in Table 1. There were 14 cases out of 20 in the UPS
group dated before 1980. As expected, clinical diagnoses of PSP,
MSA and CBD occurred only after the late 1960s, that is, after the
princeps description of these disease entities.

In 74 out of the 126 psychiatric cases, autopsies were limited to
the brain and in 66 cases somatic comorbidities could not be
reliably determined in medical records. In the group of subjects

Table 1. Clinical diagnoses and distribution of the underlying patholo-
gies. Abbreviations: ATP = Alzheimer-type pathology; CBD = corticobasal
degeneration; DIP = drug-induced Parkinsonism; MSA = multiple system
atrophy; PD = idiopathic Parkinson’s disease; PEP = postencephalitic
Parkinsonism; PSP = progressive supranuclear palsy; UPS = unspecified
Parkinsonian syndrome; VaP = vascular Parkinsonism.

Clinical
diagnosis

Number
of cases

Neuropathological diagnosis

PD 209 148 PD
17 no specific lesion (5 DIP,

2 neuronal loss, 10 no etiology)
16 VaP
15 ATP
6 PSP
2 MSA
2 CBD
1 PEP
1 metastasis
1 abscess

UPS 20 9 PD
5 ATP
3 no specific lesion (3 DIP)
2 VaP
1 PSP

VaP 12 4 no specific lesion (2 DIP,
2 no etiology)

3 PD
3 VaP
1 MSA
1 PSP

PEP 7 6 PEP
1 PD

MSA 4 2 MSA
2 VaP

PSP 4 3 PSP
1 PD

CBD 2 1 CBD
1 MSA

DIP 3 1 PD
1 ATP
1 no specific lesion (1 DIP)
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from the geriatric department (135 cases), all but two had a full
post-mortem study. This population was characterized by multiple
comorbidities, of which the most frequent were cardiac patholo-
gies (n = 85 cases), followed by stroke (34), malignancies (34),
pulmonary diseases (32), arterial hypertension (20), renal failure
(17) and diabetes (15).

In 185 cases, where the results of a full autopsy were available,
the causes of death were the following: bronchopneumonia in 107
cases including 35 due to bronchoaspiration. Fifty-eight patients
died because of cardiac failure, 20 after myocardial infarction and
12 with acute pulmonary edema. Other causes were pulmonary
embolism (17 cases), sepsis (13 cases), respiratory insufficiency
(4 cases), gastrointestinal hemorrhage and acute stroke (3 cases
each), malignancies (3 cases), tuberculosis, acute renal insuffi-
ciency and endocarditis (1 case each).

The distribution of all neuropathological diagnoses is summa-
rized in Table 2, together with the available demographic data of
each neuropathological group. PD was by far the most frequent
etiology (62.2%), yet not matching the rate of clinical diagnoses.
In the group of 163 neuropathologically proven PD cases, all but
18 showed at least one LB in one cortical region. The distribution
of the severity of cortical LB pathology in the remaining 145 cases
was the following: 16 cases corresponded to brainstem type, 67 to
limbic and 62 to neocortical type of LBD.

Other neurodegenerative causes were rare: PSP 4.2%, MSA
2.3% and CBD 1.2% of the cohort. PEP was found in seven cases;
the last case was autopsied in 1962. Twenty-three cases (8.8%) met
the pathological criteria of VaP. ATP was retained as causative in
21 cases (8.0%), including 4 cases with Braak stage III, 3 with
stage IV, 10 with stage V and 4 with stage VI. In one case,
metastases of a pulmonary carcinoma, and in another, multiple
cerebral abscesses, involved the basal ganglia without any alter-
native pathology.

In 25 cases (9.5%) no pathognomonic lesion was found in the
SN. In two of them, the SN displayed a moderate to severe neu-
ronal loss, without abnormal protein inclusions, corresponding to

pure nigral atrophy, which is consistent with PARK2 for example,
yet this hypothesis cannot be confirmed in the absence of genetic
analysis. In the remaining 23 cases, the SN showed strictly normal
histology. In 11 cases out of them, a drug-induced mechanism
appeared likely because of a long-lasting neuroleptic treatment for
psychiatric condition. Finally, no cause of Parkinsonism could be
identified in 12 cases (4.5%), in spite of a detailed examination
of the brain including the cerebellum.

Mean age at death was 79.3 years. The women/men ratio was
0.93 (126/136). A slightly older age at death was found in the VaP
group (81.3 years), a much younger in the MSA (65 years) and
even younger in the PEP group (49.4 years). During the 95 years
period that the collection spans, a slight continuous increase of age
at death can be seen in the PD group: between 1914 and 1959—
that is, before levodopa became available to patients—it was 74.7
years, whereas between 2000 and 2010, it raised to 81.4 years.
Disease duration was available in 83 cases; for statistical analysis,
we only included groups containing at least five cases (Table 2).
The longest mean duration was observed in PEP (17.8 years); the
shortest in MSA (4.0 years) and VaP (4.6 years).

Comparing clinical diagnoses with neuropathological findings
as the diagnostic gold standard, the overall diagnostic accuracy in
our sample was of 63.4%. For PD, it was of 71.2% for the entire
study period, 70.4% for the period before 1968, 76.8% between
1969 and 2010, and 85.7% in the last decade (2000–2010). A
diagnosis of PD carried a sensitivity of 90.8% (148/163) on the
entire collection. Clinical misdiagnoses included nine UPS, one
PEP, one PSP, three VaP and one DIP (Table 1). The clinical diag-
nosis was correct in 3 of 4 suspected PSP cases (75%), whereas
from the 11 pathologically confirmed PSP cases, only 3 had
been diagnosed in life, giving a diagnostic sensitivity of 27.3%. (6
cases were diagnosed as PD, 1 as UPS and 1 as VaP). The clinical
diagnosis of MSA was correct in two cases out of four. From the
six pathologically confirmed cases, only two had been diagnosed
clinically as MSA, two as PD, one as VaP and one as CBD. There
were six out of seven cases of PEP correctly recognized clinically

Table 2. Neuropathological diagnoses and corresponding demographic data. Abbreviations: ATP = Alzheimer-type pathology; CBD = corticobasal
degeneration; MSA = multiple system atrophy; PD = idiopathic Parkinson’s disease; PEP = postencephalitic Parkinsonism; PSP = progressive supra-
nuclear palsy; VaP = vascular Parkinsonism; W/M = women/men.

Neuropathological diagnosis Number of
cases

% Mean age at death � SD
(age range)

W/M Mean duration of
the disease*

PD 163 62.2 79.6 � 7.4 (56–96) 79/84 7.6 � 6.1 (44)
PSP 11 4.2 79.8 � 8.5 (60–88) 3/8
MSA 6 2.3 65.0 � 4.8 (58–73) 3/3
CBD 3 1.2 74.3 � 6.5 (68–81) 0/3
PEP 7 2.7 49.4 � 14.7 (32–70) 5/2 17.8 � 9.2 (5)
VaP 23 8.8 81.3 � 7.6 (67–98) 9/14 4.6 � 5.0 (8)
ATP 21 8.0 84.9 � 5.3 (73–93) 11/10 6.1 � 2.0 (8)
No specific lesion 25 9.5 82.4 � 6.0 (65–91) 15/10

Moderate-severe neuronal loss 2 0.8 79 (79) 1/1
Drug-induced Parkinsonism 11 4.2 81.8 (65–91) 5/6
No etiology 12 4.5 83.5 (75–90) 9/3

Metastasis 1 0.4 80 1/0
Cerebral abscess 1 0.4 85 1/0
Total 261 100 79.3 (32–98) 125/136

*In brackets, the number of cases with available data; further explications in the text.
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(85.7%). One case proved to be PD, and conversely; one suspected
PD turned out to be PEP. The lowest accuracy among the clinical
diagnoses was that of VaP (33.3%, 4/12). On the other hand, from
the 23 pathologically confirmed VaP cases, only 3 had been diag-
nosed correctly in life, 16 as PD, 2 as MSA and 2 as UPS.

DISCUSSION

Distribution of neuropathological etiologies

Our study illustrates the distribution of the various types of
Parkinsonian syndrome over a nearly century-long period in a
hospital-based population according to both clinical and auto-
psy-derived neuropathological data. The prevalence of clinically
significant Parkinsonism in this cohort was 2.8%, a figure that is
consistent with the known frequency of Parkinsonism in the
elderly population (8, 9). The vast majority of these cases were of
neurodegenerative origin, by far the most common cause being
PD. In accordance with previous findings (9, 16), a slight male
preponderance was present in our PD population. The prevalence
of PD (62.2%) was higher than that reported by Hughes et al
(55%) and by Bower et al (42%) in their series issued from move-
ment disorders clinics (4, 18), and lower than Jellinger’s findings
in a large autopsy series collected between 1957 and 2006 (73%–
82%) (22). The prevalence of MSA (2.3%) and of PSP (4.2%) was
lower than that published by Hughes et al (11% and 13%, respec-
tively) (18) and by Bower et al (7.7% and 17%, respectively) (4),
and similar to what Jellinger found (22). This difference could be
explained by the fact that atypical cases are more likely to undergo
autopsy (4). In fact, our series did not originate from a movement
disorders clinic and was probably free from this selection bias. The
lower prevalence of MSA in our series may also be explained by
our—mainly—geriatric and psychogeriatric populations, as MSA
patients are usually younger at disease onset and death (mean age
at death in our series: 65 years). It is probably the result of lacking
clinical data because of the retrospective manner of our study,
that in 12 cases out of 261 we could not identify any etiology of
Parkinsonism. Among these cases, some might have been drug
induced. Indeed, the prevalence of DIP (4.2%) in our cohort is
lower than expected according to population-based surveys, which
estimate its prevalence at 10%–20% of all the cases of Parkinso-
nian syndromes, but in geriatric and psychiatric cohort it may even
be higher (31).

An unexpected finding was the high number of cases (8%)
in which the only neuropathological abnormalities were ATP
changes, significantly affecting the brainstem and, particularly, the
SN. This prevalence is higher than usually reported (3%–6%) in
earlier studies [for review, see Jellinger (22)], although, in more
recent series collected by Jellinger between 1989 and 2000 and
between 2001 and 2006, and by Bower et al, 7.2%, 8% and 7.6%
have been reported, respectively (4, 22). The relatively high preva-
lence of ATP in our cohort may be because of the higher preva-
lence of AD patients (15.3%) (27) in our autopsy population
compared with 7%–12% reported by most autopsy series among
subjects older than 65 years (2, 3, 12, 24, 25, 34, 36, 39, 42). The
development of a Parkinsonian features during the course of AD
is well known and LB pathology is not always associated with
it. Neuronal loss of increasing severity and accompanying tau
pathology can be observed in the SN, but such cases have been

considered exceptional for a long time (13). Although other
authors attribute the Parkinsonian syndrome to extranigral lesions
or to an involvement of mesocortical dopaminergic pathways
(6, 35), our results support nigral tau pathology as a major deter-
minant of ATP-related Parkinsonism.

Similarly unexpected, we found a relatively high prevalence
(8.8%) of neuropathologically confirmed VaP cases, as compared
with the 3%–6% commonly reported in the literature, which could
be partially explained by a large proportion of geriatric cases in our
cohort (23). However, Bower and collaborators reported even
higher prevalence (12.5%) in their study (4).

Accuracy of clinical diagnostic

When comparing clinical with neuropathological diagnosis in each
individual case, we found a relatively low level of concordance in
general (63.4%), yet it varied considerably from one pathology to
another. In fact, diagnostic accuracy of PD in our cohort was lower
(71.2%) than those reported in previous studies (14, 21), although
it tended to increase during the study period up to 85.7% between
2000 and 2010. This improvement in diagnostic performance cor-
responds to data published earlier. In the early 1990s, Rajput et al
reported a 65% diagnostic accuracy (37). Hughes et al reported
76% in 1992 (15) and more than 90% in 2001 and 2002 (17, 18).
The improvement probably started with the recognition of the
efficacy of levodopa in 1967 (7) and the description of PSP, CBD,
Shy–Drager syndrome and of striatonigral degeneration around
the same time (1, 38, 41, 43). This trend is also reflected by our
data, when comparing the accuracy before 1968 (70.4%) and after
1968 (76.8%) in our series. Further improvements of diagnostic
capacities were probably related to the establishment of stringent
diagnostic criteria, the development of ancillary tests, in particular
structural and metabolic neuroimaging, and an increasing ten-
dency to refer Parkinsonian patients to movement disorders
centers. The positive predictive value of a clinical diagnosis of PD
made by movement disorders specialists can be very high (98%)
(18), whereas it is usually lower (84.7%) in the community (40).
The diagnostic sensitivity for MSA and PSP in movement disor-
ders centers varies around 85.7% and 80%, respectively, in the
series of Hughes et al (18), and 88% and 84% in the series by
Williams and Lees (44). The sensitivity of a clinical diagnosis of
PSP was very low in our series (18%), although 10 out of our 11
PSP cases occurred after 1965, that is, after the description of this
pathology (43).

We observed an inconsistent prevalence of PD in the clinically
diagnosed (79.8%) compared with the autopsy-based (62.2%)
populations with a Parkinsonian syndrome, suggesting that PD is
greatly overdiagnosed in living patients. A variety of conditions
may mimic PD and the usual diagnostic criteria for PD (eg, the
UKPDS Brain Bank criteria) (15) are probably not reliably applied
by nonspecialists. Schrag et al (40) estimated that at least 15% of
patients with a diagnosis of PD in the population do not fulfill
strict clinical criteria for the disease.

In our series, the lowest accuracy belonged to VaP, as most VaP
cases were clinically diagnosed as PD. Kalra et al (26) reviewed
systemically all studies that might distinguish VaP from idiopathic
PD. They concluded that there are no specific clinical features or
diagnostic tests that confidently differentiate VaP from PD and
they urged further work on developing consensus criteria for this
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disease entity. Our study supports this view, as about 8% of clini-
cally diagnosed PD turned out to have VaP at autopsy, and VaP was
one of the most common conditions mimicking PD in our cohort.
Bower et al (4) also found a high clinical diagnostic inaccuracy of
VaP as none of the five VaP cases of their series had been correctly
diagnosed in life. Interestingly, two cases of suspected MSA
turned out to be VaP and conversely, two (out of the six) suspected
VaP were finally diagnosed as MSA.

Some limitations should, however, be considered when inter-
preting our data. The collection extends across more than 95
years during which PEP disappeared, diagnostic criteria for PD
evolved, and new disease entities were defined including CBD
and PSP in the late 1960s. Due to the retrospective nature of our
study, information extracted from medical records was of variable
quality and about 20% of the cases had limited clinical data,
precluding more detailed clinicopathological correlations to be
established. We should also take into account the selection bias
related to our hospital-based autopsy collection with a higher
proportion of geriatric and demented patients as well as of other
psychiatric conditions. Finally, we should be cautious when inter-
preting statistical data related to atypical Parkinsonisms (MSA,
PSP and CBD) because of the relatively low number of such
cases in our series.

Despite these limitations, our results confirm existing data
from previous studies and, perhaps more importantly, offers new
insights into the distribution of the diverse etiologies and diag-
nostic accuracy of Parkinsonian syndromes. It strongly suggests
that PD, while being the more frequent cause, is overdiagnosed
in patients with Parkinsonism and that VaP and ATP, rather than
other degenerative atypical Parkinsonian syndromes, may be
the most common confounding conditions. These results should
prompt physicians to mitigate their diagnostic confidence in some
cases.
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