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Abstract: Vascular parkinsonism (VP) remains a loose con-
stellation of various clinical features. We systematically
reviewed studies comparing clinical, neuroimaging and other
investigations that might distinguish VP from idiopathic
Parkinson’s disease (PD). Medline, Embase, Cinahl (R), and
PsycINFO were searched by querying appropriate key
words. Reports were included if the study population con-
tained comparative findings between patients with VP and
PD. Twenty-five articles fulfilled the selection criteria.
Patients with VP were older, with a shorter duration of ill-
ness, presented with symmetrical gait difficulties, were less
responsive to levodopa, and were more prone to postural
instability, falls, and dementia. Pyramidal signs, pseudobul-
bar palsy, and incontinence were more common in VP.
Tremor was not a main feature of VP. Structural neuroi-
maging was more likely to be abnormal in VP (90–100%

of cases) than in PD (12–43% of cases), but there was no
specific abnormal structural imaging pattern for VP. Two
studies of presynaptic striatal dopamine transporters (using
single photon emission computed tomography) showed a
significant reduction in striatal uptake ratios in PD but not
in VP, whereas another study found that only the mean
asymmetry index was significantly lower in VP. Various
other investigations, including alternative imaging techni-
ques, electrophysiological, and neuropsychological studies,
are reported, but the diverse diagnostic criteria used makes
it difficult to reach any firm conclusions. The development
of accepted international diagnostic criteria for VP is
urgently needed to facilitate further studies. � 2010 Move-
ment Disorder Society
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The concept of vascular parkinsonism (VP) was

introduced in 1929 by Critchley. The clinical presen-

tation of what Critchley termed arteriosclerotic

parkinsonism included rigidity, fixed faces, and short-

stepping gait as the main clinical signs. Pseudobulbar

features, dementia, incontinence, pyramidal or cerebel-

lar signs were considered as additional features.1 Post-

mortem studies showing that cerebrovascular disease

can produce clinical features similar in all aspects to

idiopathic Parkinson’s disease (PD), including a

response to levodopa (L-dopa) without the presence of

Lewy bodies, have helped in reviving the concept of

VP.2–5 Several alternative terms have been used, includ-

ing arteriosclerotic pseudo-parkinsonism and lower body

parkinsonism. However, there are no generally accepted

clinical criteria to diagnose the condition.

The aim of this study was to systematically review

the published literature relating to clinical features,

neuroimaging and other investigations that might dis-

tinguish VP from PD and help in diagnosis, treatment,

and prognostication.

METHODS

Data Source and Search

Medline, Embase, Cinahl (R), and PsycINFO were

searched by querying the key words: vascular parkinsonism,
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lower body parkinsonism, arteriosclerotic parkinsonism,

arteriosclerotic pseudo-parkinsonism, parkinsonism and

transient ischaemic attack, stroke, lacunar infarction,

cerebral ischaemia, haemorrhage, and cerebrovascular

disease.

Study Selection

The study was included on fulfilment of the follow-

ing selection criteria:

(a) The study population compared patients with VP

and PD, with or without other control subjects.

(b) The study contained data related to clinical features,

brain computerized tomography (CT), magnetic

resonance imaging (MRI), or presynaptic striatal

dopamine transporter single photon emission com-

puted tomography (SPECT), or other investigations,

including imaging studies, electrophysiological, or

neuropsychological tests, in the study population.

(c) The study was available in full length in English

and published before 31st March 2009.

Selection Process

The selection process was done in three stages:

1. Titles and abstracts were identified from database

searches and chosen if the study population was VP.

2. The chosen articles were retrieved as full-length

articles, and only studies fulfilling the selection cri-

teria were included.

3. The reference lists of the selected articles were

searched, and relevant articles identified were taken

through stage (2) until no further articles were found.

Steps 1 and 2 were performed independently by two

of the authors (S.K., H.T.S.B.), and any disagreement

was resolved jointly by discussion.

Statistical analysis or meta-analysis was not

attempted because of significant variability in study

methodologies.

RESULTS

We screened 562 titles and abstracts, from which

70 full-length articles were selected for further review.

Of these, 25 articles fulfilled the selection criteria

(Fig. 1).

Clinical Features

Seven studies comparing the clinical features of

VP and PD were identified (Table 1).6–12 Diagnostic

criteria for VP varied between studies, whereas the

diagnosis of PD was always based on standard criteria.

All studies excluded other causes of parkinsonism such

as progressive supranuclear palsy, multiple system

atrophy, drug-induced parkinsonism, and postencepha-

litic parkinsonism. Only one study included pathologi-

cal verification of the VP diagnosis.10

The mean age at symptom onset in patients with VP

was 4–10 years higher than in patients with PD.6–9 The

mean duration of symptoms at the time of presentation

was shorter (by 0.8–5 years) for VP compared with

PD, but considerable overlap was evident.6–9 Patients

with VP usually presented with symmetrical gait diffi-

culties.6–9 However, one study showed no difference in

gait dysfunction between VP and PD.10 Tremor was

not a main feature of VP in comparison to PD,6,7,10

but postural tremor was more prevalent in VP.8,9

Hypokinesia or bradykinesia tended to be less frequent

in VP than PD, although no study found this statisti-

cally significant.8–11 Patients with PD were more rigid

than patients with VP.6,7,9–11 Postural instability,6,9

falls,6 dementia,6,10 pyramidal signs,6,8–10 pseudobulbar

palsy,6,10 and incontinence6 were more common in VP.

The only clinicopathological study comparing patients

with VP and patients with PD found pyramidal signs

in 63% of patients with VP and none in PD.10 VP

showed more prominent and severe features in the

lower limbs.6,8,9

Three studies8,9,11 defined an acute onset subgroup

of VP, which accounted for 25 to 26% of the VP study

population. However, the definition of acute was

FIG. 1. Summary of the search results.
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TABLE 1. The clinical features of vascular parkinsonism in comparison with idiopathic Parkinson’s disease

Study population

Study Study design VP PD Controls Diagnostic criteria for VP Main clinical findings

Winikates and Jankovic6 Retrospective, cross
sectional, hospital-
based study.

69 277 0 Patients with parkinsonism
and a vascular score of
2 or more in a vascular
rating scalea

Patients with VP significantly
older, with gait difficulty,
less levodopa responsiveness,
symmetrical predominant
lower body involvement,
postural instability, falls,
dementia, corticospinal
findings, incontinence and
pseudobulbar palsy

FitzGerald and Jankovic7 Hospital-based cross
sectional study
(tertiary referral
centre)

10 100 0 Marked gait difficulty with
no or only minimal upper
limb involvement (lower
body parkinsonism)

Patients with VP have
significantly shorter symptom
duration, presented with gait
difficulty, had less levodopa
responsiveness; no difference
in risk factors except
hypertension

Rampello et al8 Hospital-based cohort
study

39 28b 0 Parkinsonism with vascular
lesions on brain MRI

Patients with VP were older
and 29% were levodopa
responsive. Vascular risk
factors, postural tremor, gait
disorder, pyramidal signs,
and lower body predominance
more frequent in VP.
UPDRS scores at baseline
were higher in VP than
in PD. After 2 years,
VP had greater lower
limb involvement
than PD

Demirkiran et al9 Review of medical
records, cross-
sectional study

16 50 0 Parkinsonism, presence of
vascular lesions on brain
MRI and exclusion of
other causes for secondary
parkinsonism

Patients with VP significantly
older, shorter disease
duration, gait disorder the
most frequent initial
symptom, 38% levodopa
responsive. Vascular risk
factors more common
in VP. Postural instability,
freezing, gait disturbance,
pyramidal signs, postural
tremor significantly
more prevalent in VP.
VP has more
prominent features in
the lower limbs

Yamanouchi and
Nagura10

Clinicopathological
study

24 30c 10 hypertensive
controls

Parkinsonism with evidence
of cerebrovascular lesions
and no depigmentation or
Lewy bodies in the
substantia nigra

17% of VP had tremor (versus
73% in PD). 38% of VP had
hemiparesis, 63% had
pyramidal signs (versus none
in PD). Half of the patients
with VP had pseudobulbar
palsy; 27% of patients with
PD had dysphasia or
dysarthria. Dementia was
present in 71% of VP and
43% of PD. Only fifth of
VP showed a transient
response to levodopa.
Asymmetry of limb
rigidity 29% in VP versus
73% in PD. No difference
in gait disorder between VP
and PD.

(Continued)
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unclear in two of these studies.9,11 In one study,

parkinsonism occurred soon after hypertensive ence-

phalopathy, brainstem stroke, and vertebrobasilar insuf-

ficiency.8 The remainder of patients with VP had a

progressive symptom onset.

Vascular risk factors (hypertension, coronary heart

disease, hyperlipidemia, diabetes mellitus, and a history

of cerebrovascular disease) were more common in VP

than in PD in two studies,6,9 whereas only hypertension

was more frequent in VP in another study.7 On the other

hand, one study showed no difference in systolic or dia-

stolic blood pressure in patients with VP compared with

PD and age-matched hypertensive controls.11 Vascular

risk factors were not mentioned in two studies.8,10 Five

studies reported a significantly poorer L-dopa response

in VP than in PD.6–10 Response rates in VP ranged from

20 to 38% versus 74 to 100% in PD.6–10 In one study, a

single case of acute onset VP had a good and prolonged

response to L-dopa.11

In one study, patients with VP showed no difference

in age or mini-mental state examination compared with

patients PD and hypertensive controls.12 Abnormal

reflexes (snout, palmomental, jaw, Hoffmann and

extensor plantar response) were significantly commoner

in VP than in PD. The absence of both snout and

palmomental reflexes was four times more frequent in

PD than in VP.12

Brain Structural Neuroimaging

Five of the above studies also compared brain CT

and/or MRI changes.6–9,11 Patients with VP were signifi-

cantly more likely to have abnormal imaging, varying

from 90 to 100% compared with patients with PD, vary-

ing from 12 to 43%.6–9 The main abnormalities included

multiple territory infarcts (96% in VP versus 22% in

PD),6 periventricular and subcortical white matter

lesions (75–90% in VP versus 7–16% in PD),6–9 and

basal ganglia ischaemic lesions (38–44% in VP versus

4.6–8% in PD).6,8,9

The subcortical ischemic lesion volume was

calculated on brain MR in 15 VP, 15 PD, and 10 hy-

pertensive age-matched controls.11 Significantly more

subcortical lesions were present in patients with pro-

gressive VP compared with PD or hypertensive

patients. Patients with acute-onset VP had a greater

lesion load than patients with PD, but there was no

difference from hypertensive controls. Neither the

lesioned brain volume nor the location of the ischemic

lesions correlated with disease severity.11

Presynaptic Striatal Dopamine Transporter

Functional Imaging

Three studies compared presynaptic striatal dopa-

mine transporter SPECT between VP and PD

TABLE 1. (Continued)

Study population

Study Study design VP PD Controls Diagnostic criteria for VP Main clinical findings

Zijlmans et al11 Cross-sectional study 15 15 10 Parkinsonism with dominant
frontal gait disorder aged
‡60, other secondary
parkinsonism excluded

No difference in patients with
VP from PD and hypertensive
controls in age or BP. VP
more subcortical lesions than
PD; cutoff 0.6% lesioned
ischemic brain volume
suggested; clinical severity
did not correlate with lesion
volume or location

Okuda et al12 Cross-sectional study 55 132 0 Lower body parkinsonism
with frontal gait disorder,
postural instability, no
resting tremor,
symmetrical progression,
poor response to L-dopa
and multiple basal ganglia
or subcortical infarctions

No difference between VP, PD,
and hypertensive controls in
age or MMSE. Primitive
reflexes (snout, palmomental)
jaw jerk, Hoffmann’s and
extensor plantar significantly
higher in VP

Vascular rating scale:
atwo points for pathologically or angiographically proven diffuse vascular disease, one point for onset of parkinsonism within 1 month of clini-

cal stroke, one point for history of two or more strokes, one point for history of two or more risk factors of stroke, and one point for neuroimag-
ing evidence of vascular disease in two or more vascular territories.

bOnly patients older than 70 yr were included.
cThey included 22 age-matched Binswanger’s disease cases without parkinsonism.
MMSE, Mini mental state examination; PD, idiopathic Parkinson’s disease; UPDRS, Unified Parkinson’s Disease Rating Scale; VP, vascular

parkinsonism.
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(Table 2).13–15 In two of these, there was a significant

reduction in striatal uptake ratios in PD but not in

VP,13,14 whereas the remaining study showed that only

the mean asymmetry index was significantly lower in

patients with VP compared with those with PD.15

Other Studies

Magnetic resonance spectroscopy of brain, haemody-

namic autonomic function tests, and neuropsychologi-

cal assessment were unhelpful in distinguishing VP

from PD.16–18 Cardiac metaiodobenzylguanidine scin-

tigraphy, transcranial Doppler studies, olfactory func-

tion testing, electroencephalography, somatosensory

and brainstem evoked potentials; posturography and

motion analysis; blood levels of vitamins C, E, and A;

plasma level of von Willebrand factor; and cerebrospi-

nal fluid catecholamines/ indoleamines were all sug-

gested as potential adjuvant diagnostic tools.18–30

(Table 3).

DISCUSSION

The interpretation of the literature comparing features

of VP with those of PD requires careful consideration of

the criteria (clinical, imaging, and other) used to define

the study populations. For example, the presence of

hypertension was a diagnostic criterion in one study6,

contributing to its higher prevalence in cases then diag-

nosed as VP, in comparison with patients with PD. Indi-

rect associations may also confound interpretation, such

as a greater likelihood of hypertension in patients diag-

nosed as VP on the basis of vascular lesions on brain

imaging. It is likely that diagnostic sensitivity and speci-

ficity are affected by the inclusivity or otherwise of diag-

nostic criteria, which are clinical in several stud-

ies6,7,10,11 based on structural neuroimaging in others8–9

and sometimes depend on both clinical and MRI fea-

tures, such as in functional dopaminergic studies.13–15

Furthermore, most studies are small; even the largest

included only 69 VP cases.

Although the above studies provide pointers to fea-

tures that should be assessed in further research, the

TABLE 2. Presynaptic striatal dopamine transporter single photon emission computed tomography findings in vascular
parkinsonism compared with idiopathic Parkinson’s disease

Study population

Study Ligand VP PD Controls Diagnostic criteria for VPa Main findings

Tzen et al13 99mTc-TRODAT-1 14 30 26 Clinical symptoms of lower body
parkinsonism, multiple cerebral
infarctions in basal ganglia and/
or white matter and poor anti-
Parkinson therapy response

Significant asymmetrical reduction
in putamen/occipital and striatal/
occipital uptake ratios in PD but
not in VP

Gerschlager et al14 123I-b-CIT 13 20 30 Patients older than 60 yr, acute or
progressive predominantly lower
body parkinsonism with mild
upper limb involvement, frontal
gait disorder, absence of L-dopa
response, CT evidence of
cerebrovascular disease and at
least two risk factors for stroke

Preserved or mildly reduced (1.2%)
mean striatal binding in VP,
versus 40% reduction in PD,
predominant uptake in putamen

Zijlmans et al15 123I- FP-CIT 13 14 14 Previously proposed diagnostic
criteriaa

Significant reduction in mean
striatal uptake in patients with
VP compared with healthy
controls. Mean asymmetry index
significantly lower in VP than in
PD; correlation between motor
UPDRS score and striatal binding
but not with the disease duration
and levodopa response in VP
(unlike PD)

aDiagnostic criteria included: Parkinsonism, meaning bradykinesia, and at least one of the following: rest tremor, rigidity, or postural instability;
Cerebrovascular disease, meaning relevant brain imaging findings or focal signs or symptoms consistent with stroke, A relationship between par-
kinsonism and cerebrovascular disease defined as: acute or delayed progressive onset of parkinsonism (within 1 year) after stroke with evidence
of infarcts in or near areas that increase basal ganglia motor output or decrease the thalamocortical drive directly, or an insidious onset of parkin-
sonism with extensive subcortical white matter lesions, bilateral symptoms at the onset, and the presence of early shuffling gait or early cognitive
dysfunction.

PD, idiopathic Parkinson’s disease; UPDRS, Unified Parkinson’s Disease Rating Scale; VP, vascular parkinsonism.
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TABLE 3. A summary of various investigations used to examine cases of vascular parkinsonism and idiopathic
Parkinson’s disease

Study population

Study Type of investigation VP PD Controls Diagnostic criteria for VP Main clinical findings

Zijlmans et al16 Proton magnetic resonance
spectroscopy (MRS)

12 15 0 Patients with lower body
parkinsonism, resistant to L-dopa
and an abnormal ischemic score
of >3 on aLoeb and Gandolfo’s
modification of Hachinski score

No evidence for existence of
ischemia or cell loss in VP
compared with PD, not helpful in
differentiation

Murata et al17 Autonomic function testing 15 15 15 Parkinsonism with acute and sudden
onset and stepwise progression,
small steppage wide based gait

Loss of correlation of blood
pressure and pulse rate in both
VP and PD (not differentiating)

Tachibana et al18 Neuropsychological testing 15 15 11 Lower body parkinsonism with gait
difficulties, lack of resting tremor
and response to L-dopa

Verbal and spatial episodic memory
was impaired in both patient
groups (not differentiating)

Tsai et al19 Transcranial color-coded
sonography

30 80 60 Parkinsonism with two or more
vascular risk factors, presence of
vascular lesions on neuroimaging
and lack of L-dopa response

Lower SN hyperechogenicity,
higher mean pulsatility index and
presence of structural
abnormalities (e.g., stenoses) in
VP.

Kim et al20 Cardiac 123I MIBG
scintigraphy

19 30 16 As defined by Winikates et al6 Significantly higher MIBG uptake
(heart/mediastinum ratio) in VP
versus PD

Zijlmans et al21 Conventional and
quantitative EEG

13 14 0 Parkinsonism with frontal gait
disorder

Greater degree of slowing on EEG
in PD than in VP is useful in
differentiation

Tachibana et al22 Somatosensory and
brainstem evoked
potentials

30 17 22 Marked rigidity, lack of resting
tremor and L-dopa response,
small steppage and broad-based
gait, pyramidal signs and history
of stroke and brain infarction on
CT

Increase in interpeak latencies on
brainstem and somatosensory
evoked potentials

Zijlmans et al23 Quantitative gait analysis 12 12 10 Parkinsonism with frontal gait
disorder, aged ‡60 yr

Arm swing more likely normal, and
dystonic posturing less likely in
VP than in PD

Trenkwalder et al24 Static and dynamic
posturography

11 10 30 Marked gait disturbance with
minimal or no upper limb
difficulties

VP showed more postural instability
than PD

Bäzner et al25 Hand tapping 18 18 18 Subcortical vascular encephalopathy Patients with PD had lower tapping
amplitude and velocities than
patients with VP

Katzenschlager et al26 Olfactory function testing
UPSIT

14 18 27 Defined by Winikates and Jankovic6

vascular score criteria and
ischemic lesions on MRI

UPSIT scores in VP significantly
better than in PD

Tohgi et al27 Catecholamine and
indoleamine levels in
cerebrospinal fluid

15 16 16 Lack of tremor and lead-pipe
rigidity, symmetrical
presentation, predominant gait
involvement, lack of response to
L-dopa and lacunar infarction of
putamen

Patients with VP have a similar
disturbance of dopaminergic and
serotonergic metabolites as PD,
but serotonergic system less
disrupted in VP

Koyama et al28 Plasma level of von
Willebrand (vWF) factor

26 26 52 Lack of tremor, lead-pipe rigidity,
symmetrical involvement,
predominant gait involvement,
lack of response to L-dopa and
multiple infarction in basal
ganglia or deep white matter
lesions on CT or MRI

Higher plasma vWF levels in VP
than in PD

Paraskevas et al29 Serum levels of vitamin A,
C, and E

12 44 50 Akinetic rigid parkinsonism,
prominent gait problems, lack of
levodopa response, vascular
disease in two territories on
neuroimaging and at least two
vascular risk factors

Vitamin C and E levels lower in
VP, although a nonspecific
finding

(Continued)
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greatest credence belongs with the single article report-

ing clinicopathological findings in 17 patients.31 Their

proposed diagnostic criteria for VP requires the pres-

ence of parkinsonism (bradykinesia, and at least one of

rest tremor, rigidity, or postural instability); and

cerebrovascular disease, defined radiologically or on

the presence of focal signs or symptoms consistent

with stroke. They further emphasise the relationship

between parkinsonism and cerebrovascular disease: an

acute or delayed progressive onset of parkinsonism

(within 1 year) after stroke with evidence of infarcts in

or near areas that increase basal ganglia motor output

or decrease the thalamocortical drive directly, or an in-

sidious onset of parkinsonism with extensive subcorti-

cal white matter lesions, bilateral symptoms at the

onset, and the presence of early shuffling gait or early

cognitive dysfunction. In the absence of other gold

standard definitions of VP, we support this article’s

proposals as a basis for future studies, to improve

interstudy comparability.

The dopaminergic responsiveness of VP is largely

reported from retrospective and ‘‘open-label’’ data and

is insufficient to conclude that such therapy is appro-

priate for all patients with VP, and even less so in the

presence of a normal presynaptic dopaminergic system

seen on SPECT imaging. Theoretical consideration

suggests that patients with purely (or largely) presyn-

aptic dopaminergic deficiency caused by cerebrovascu-

lar disease (thereby mimicking the pattern of dopami-

nergic dysfunction in idiopathic PD) could respond to

anti-Parkinson medication. There is a clear requirement

for a prospective placebo-controlled study of L-dopa

therapy, stratified according to the distribution of neu-

ronal loss and its functional effects on dopaminergic

transmission.

In summary, no specific clinical features or diagnos-

tic tests differentiate VP from PD. Clinical and

imaging pointers are generally applied but confound

the distinction of the conditions because they become

inherent to the diagnostic labels. Management of a par-

ticular patient therefore remains subjective, and dopa-

minergic therapy is often used with little rationale or

evidence of efficacy. The diverse diagnostic criteria in

clinical studies have prevented advances in the under-

standing of the disorder. Further work designed to for-

mulate accepted international diagnostic criterion for

VP is urgently needed; being autopsy-based, the crite-

ria suggested by Zijlmans et al.31 are the most vali-

dated and should form the starting point. Further work

should record the key variables within published series

to allow comparison and meta-analysis and aid much

clearer disease characterization.
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