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Abstract

This expert working group report proposes an updated approach to subtype definition of vascular
parkinsonism (VaP) based on a review of the existing literature. The persistent lack of consensus
on clear terminology and inconsistent conceptual definition of VaP formed the impetus for the
current expert recommendation report. The updated diagnostic approach intends to provide a
comprehensive tool for clinical practice. The preamble for this initiative is that VaP can be
diagnosed in individual patients with possible prognostic and therapeutic consequences and
therefore should be recognized as a clinical entity. The diagnosis of VaP is based on the presence
of clinical parkinsonism, with variable motor and non-motor signs that are corroborated by
clinical, anatomic or imaging findings of cerebrovascular disease. Three VaP subtypes are
presented: (1) The acute or subacute post-stroke VaP subtype presents with acute or subacute onset
of parkinsonism, which is typically asymmetric and responds to dopaminergic drugs; (2) The more
frequent insidious onset VaP subtype presents with progressive parkinsonism with prominent
postural instability, gait impairment, corticospinal, cerebellar, pseudobulbar, cognitive and urinary
symptoms and poor responsiveness to dopaminergic drugs. A higher-level gait disorder occurs
frequently as a dominant manifestation in the clinical spectrum of insidious onset VaP, and (3)
With the emergence of molecular imaging biomarkers in clinical practice, our diagnostic approach
also allows for the recognition of mixed or overlapping syndromes of idiopathic Parkinson’s
disease or other neurodegenerative parkinsonisms and comorbid CVD. Directions for future
research are also discussed.
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Preamble

Vascular parkinsonism (VaP) is another parkinsonian syndrome in need of more consistent
definition. Although previous criteria for VVaP have been formulated [1], the persistent lack
of consensus on clear terminology and inconsistent conceptual definition of VaP in the
existing literature formed the impetus for the current expert working group recommendation
report. Despite the progress, in particular in the field of imaging methods, even very recent
and well-elaborated reviews differed in the way to understand this term [2, 3]. Vizcarra et al.
even called the entire concept into question [2], mainly because the white matter lesions
seen on magnetic resonance imaging (MRI) are not always necessarily of vascular origin.
Nevertheless, the term “pseudovascular” is inappropriate since it assumes that a different
mechanism necessarily exists, which is not evident in most cases. It is clear that the
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diagnosis of VaP stems from the clinical observation that some parkinsonian patients cannot
be classified in a category of neurodegenerative parkinsonism (or other reasonable
alternative diagnosis) and where the presence of cerebrovascular impairment is the most
parsimonious option.

The often contradictory views arise from the fact that we lack a clear understanding of
pathological background of VaP. Clinico-pathological studies would solve many diagnostic
doubts, however no sufficiently powered pathological study regarding VaP exist or can be
anticipated in the foreseeable future. On the other hand, the emergence of molecular imaging
techniques, such as dopamine transporter imaging, shows evidence of overlapping presence
of vascular lesions and neurodegeneration in selected patients [4].

The expert working group met first time during the 9th International Congress on Vascular
Dementia, in Ljubljana, Slovenia, in October 2015. As an international working group of
experts in the field of movement disorders, vascular neurologists and brain MRI and nuclear
medicine imaging specialists, we assumed the task to formulate an updated diagnostic
approach for VaP subtypes. The preamble for this initiative is that VaP is a heterogeneous
parkinsonian syndrome where clinical signs are variable, but their constellation can be
diagnostic. More specifically, the working group recognizes that the diagnosis of VaP is
based on convergence of clinical parkinsonism (and other clinical signs) with clinical and
imaging findings consistent with cerebrovascular disease (CVD). Consequently, we propose
more consistent terminology that will facilitate a diagnosis of discrete VaP subtypes. The
recent emergence of molecular imaging in clinical practice will also allow for the first time
the /in vivo classification of a subtype of mixed neurodegenerative parkinsonisms and
comorbic CVD. The updated diagnostic approach for VaP is intended to provide a
comprehensive tool for clinical practice. It could also facilitate and harmonize further
research to better define this entity, distinguish it from primary neurodegenerative
parkinsonism and identify overlapping syndromes with mixed pathologies. We acknowledge
the need to validate the proposed scheme in prospective studies and ultimate comparison
with neuropathological findings.

Terms and definitions

. The diagnosis of VaP is based on convergence of clinical parkinsonism with
variable pyramidal and ataxic motor and non-motor signs, such as cognitive
changes or bladder incontinence, that are corroborated by anatomic or imaging
findings of CVD.

There are different subtypes of VaP:

. (1) The acute/subacute post-stroke VaP subtype presents with (sub)acute onset of
parkinsonism, which is typically asymmetric.

. (2) The more frequent insidious onset VaP subtype presents with progressive
parkinsonism with lack/insufficiency of levodopa responsiveness, with more
prominent postural instability and gait difficulties, including a mixed shuffling-
ataxic gait pattern, and upper motor neurons signs or incontinence.
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. (3) Mixed idiopathic Parkinson’s disease (PD) or other neurodegenerative
parkinsonisms and CVVD where comorbid vascular lesions may incrementally
contribute to the parkinsonian impairments, especially postural instability and
gait difficulties.

This expert working group reviewed articles published from 2006 to 2015 in English, cited
in PUBMED database and in Googlescholar.com. Medical Subject Headings (MeSH) search
terms included: vascular parkinsonism; cerebrovascular disease; lower body parkinsonism.
The inclusion criteria for reviewing an article were: vascular parkinsonism and its definition,
diagnostic criteria, epidemiological data, clinical features, symptoms and signs, brain
imaging, scales, pathogenesis, risk factors, treatment, or differential diagnosis. The members
of the team provided additional references that were not identified by the research strategy
detailed above. Consequently, a total of 56 relevant articles served as basis of this expert
working group report. Original literature that formed the basis for the concept of vascular
parkinsonism, as cited in review articles [2, 3, 5], was used for a conceptual introduction to
the topic or historical perspective.

History and epidemiology of vascular parkinsonism

L hermitte and Cornil (1921) described parkinsonian syndromes associated with
pseudobulbar, sphincter and cognitive symptoms as “lacunar” (discussed in [6]). Critchley
(1929) coined the term “arteriosclerotic parkinsonism”, which was characterized by classical
signs of rigidity, hypomimia, small stepped gait, absence of resting tremor, and often
bilateral parkinsonian signs, associated with pseudobulbar palsy, dementia, bladder
incontinence, pyramidal and cerebellar signs [7]. Subsequent authors introduced the terms
“vascular parkinsonian syndrome” or “vascular parkinsonism” [8-10]. It has been suggested
to replace the term “lower body parkinsonism” with “cerebrovascular gait disorder”
characterized by a wide-based mixed ataxic-parkinsonian gait pattern [5]. More recently, it
has been proposed to refine the term “pure vascular parkinsonism” as due to ischemic or
hemorrhagic lesions in the substantia nigra, globus pallidus pars externa, thalamic
ventrolateral nuclei, or nigrostriatal pathway versus pseudovascular parkinsonism [2] as a
neurodegenerative parkinsonism with nonspecific neuroimaging signal abnormalities. In this
respect, vascular pseudoparkinsonism would result from bilateral frontal strokes or apathetic
depression from bilateral striatal lacunar strokes while pseudovascular pseudoparkinsonism
would include higher-level gait disorders, including normal pressure hydrocephalus (NPH)
[2]. Although VaP is defined as parkinsonism resulting from CVD, including in particular
white matter lesions (white matter hyperintensities on MRI and lacunes of presumed
vascular origin) [5, 8-10], it has been noted that the extent of CVD seen on imaging studies
may not always correlate with the clinical phenotype and there is also poor correlation
between microangiopathic brain disease and VaP from available clinicopathologic data [2].
Risk factors for cerebral small vessel disease were suggested to include high blood pressure,
atherosclerosis, coronary artery disease, smoking, hyperhomocysteinemia, diabetes mellitus,
sleep apnea and dyslipidemia [3] (Table 1). Cerebral small vessel disease can be
asymptomatic or manifest as lower body parkinsonism, Binswanger’s disease, depression or
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urinary incontinence [3]. In the absence of clear etiological information, various terms have
been used to describe progressive gait impairment in the elderly population with evidence of
CVD as gait apraxia, senile gait, high-level gait disorder, psychogenic gait, fear of falling, or
frontal lobe gait [3]. The epidemiology of VaP has been difficult to estimate because of
discrepancies in diagnostic criteria, ascertainment methods, definition of study populations
and because most studies consisted of cross-sectional samples in specialized centers. For
example, VaP has been found to be present in about 3-5% in a post-mortem study of patients
with parkinsonism [11]. From a series of 220 consecutive brain autopsies of patients with
cerebral infarcts, only 5 (2-3%) had a clinical history of parkinsonian symptoms but there
was an unclear association between these lesions and the clinical symptoms [12]. There
were no correlations between both severity and lateralization of vascular lesions and
lateralization and severity of the clinical symptoms [12]. More recently, a prospective cohort
study reported the incident development of VaP over a mean period of 5.2 years in 15
patients (3%) out of 503 patients with cerebral small vessel disease who had no
parkinsonism at baseline [13]. These data indicate that pure forms of VaP are relatively rare.
On the other hand, VaP is often misdiagnosed. A study from the Queen Square Brain Bank
reported 28 pathologically confirmed VaP cases of whom only six were diagnosed as VaP
during life and the remainder as either PD or atypical parkinsonism [14]. Acute or subacute
onset was seen in about one third of patients whereas the remainder had insidious onset.

Pathophysiology of VaP

Proposed mechanisms of VaP include disruption of cortex-basal ganglia connections and
impairment of long loop reflexes leading to impaired sensorimotor integration [3, 15]. The
more rare and typically acute or subacute form of VaP can manifest itself when an ischemic
or hemorrhagic stroke occurs in the substantia nigra or nigrostriatal pathway [2].

The more common and insidiously developing form of VaP may occur when typically
widespread extra-nigrostriatal white or gray matter vascular lesions associate with
parkinsonism. Although a distinct focal nigrostriatal deficit does not occur in this insidious
type of VaP, it is assumed that parkinsonism occurs when the lesions disrupt connectivity in
widespread neural systems underlying bipedal stance and gait that presumably include
cortico-striatal-thalamo-cortical loops, interhemispheric fibers, striatothalamic-brainstem
systems, and proper processing of multi-modal sensory information [2]. Several systemic
medical disorders and lifestyle factors are known to increase the risk of CVD and are often
present as comorbid conditions in VaP (Table 1).

Clinical diagnosis of VaP

VaP is a heterogeneous parkinsonian syndrome where clinical signs are variable but their
constellation can be diagnostic. However, the individual clinical signs or symptoms in
isolation are neither specific nor uniformly present [1, 5, 8, 10, 16].

1. Motor clinical signs of VaP

The typical presentation of the acute or subacute post-stroke subtype of VaP is due to
ischemic or hemorrhagic lesions in the substantia nigra or nigrostriatal pathways leading to
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clinical hemi-parkinsonian signs related to the location of the acute or subacute lesion.
Bilateral involvement is also possible. The appearance of post-stroke VaP is a rare non-
progressive clinical condition timely related to the occurrence of the stroke. For example,
there are several reports about cases of unilateral parkinsonism following infarcts in the
territories of lenticulostriate artery [17, 18], and cerebral anterior artery in 6 patients [19].
On the other hand, in the Queen Square Brain Bank study from 28 cases of pathologically
confirmed VaP one third had acute or subacute onset of parkinsonism [14].

The typical clinical picture the insidious onset of VaP includes a progressive disorder with
a variable combination of symptoms including predominance of lower body symptoms with
gait disorder, corticospinal findings, cerebellar signs, rigidity, cognitive impairment and
urinary incontinence. Associated symptoms include early postural instability, falls, freezing
of gait, rigidity in particular of lower limbs (with so-called ‘lead pipe’ rigidity more
appreciable than ‘cogwheeling’ on examination), presence of upper motor neuron signs (less
prominent symptoms in the upper limbs), pseudobulbar signs, dysphagia, dysarthria or
involuntary laughter or crying, urinary difficulties, and cognitive decline [3]. Atypical or
non-supportive features for VaP of the insidious type include responsiveness to levodopa, the
presence of classic 4-5 Hz pill rolling resting tremor or visual hallucinations. The
occurrence of individual symptoms was reported in several studies with convergent
constellation of clinical symptoms [19, 20]. In a pathologically confirmed cohort of VaP
bradykinesia was present in all cases, rigidity in 96%, falls in 76%, pyramidal signs in 54%,
urinary incontinence in 50% and dementia in 39% but no visual hallucinations [14].

The shuffling-ataxic gait is characterized by a variable base, start and turn hesitation, short
steps, shuffling, flexion of hips and knees and postural imbalance (for details see also
below). It occurs frequently as an isolated or a dominant clinical sign in patients with
vascular risk factors and imaging consistent with CVD. In this respect, it can be the early
manifestation of the insidious onset VaP subtype before other symptoms are manifested and
illustrate the spectrum nature of insidious onset VaP. The gait impairment would commonly
progress to bilateral, fairly symmetric symptoms and mobility disturbances leading
eventually to wheelchair bound impairment.

Mixed VaP/neurodegenerative parkinsonism and cerebrovascular disease
(mixed PD/CVD subtype)—~Patients meeting clinical diagnostic criteria for probable
neurodegenerative parkinsonism - PD, diffuse Lewy body disease (DLB), progressive
supranuclear palsy (PSP), multiple system atrophy (MSA), corticobasal syndrome (CBS), or
non-tau frontotemporal dementia with parkinsonism and have imaging evidence consistent
with CVD. The presence of abnormal striatal dopamine transporter imaging findings (not
explained by focal nigrostriatal vascular lesions) and/or abnormal cardiac sympathetic nerve
terminal imaging findings (not explained by diabetes mellitus or myocardial infarctions) will
provide supportive evidence of this diagnostic subgroup. Findings of normal striatal
dopamine transporter imaging or excellent response to dopaminergic medication would not
support this mixed diagnostic entity. Figure 1 shows illustrative brain MRI and dopamine
nerve terminal imaging examples of the proposed different VaP subtypes (Figure 1).
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A previous dopamine transporter PET and brain MRI study in patients with idiopathic PD
and co-morbid vascular disease demonstrated that associated white matter disease is a
greater determinant of axial motor impairments than nigrostriatal dopaminergic denervation
[16]. Therefore, a clinical presentation characterized by postural instability and gait
difficulties that appear out of proportion for the expected natural history of PD or for the
degree of non-axial motor impairments would support a symptomatic manifestation of CVD
in this sub-group. The presence of a wide-based gait and/or upper motor neuron signs would
provide additional clinical support for this VaP subtype. Interestingly, a recent study in non-
PD elderly showed that the clinical manifestations of (axial) parkinsonian in the setting of
white matter lesions is dependent on the presence of a low synaptic dopamine polymorphism
of the COMT gene (i.e., COMT val carriers), where as COMT met/met carriers did not
manifest these symptoms despite the presence of vascular disease [21]. Implications of these
observations suggest that PD subjects -who by their very nature of a hypo-dopaminergic
state- may have a lower threshold for clinical manifestation of vascular disease.

2. Gait pattern in VaP - Cerebrovascular gait disorder

Abnormal gait would be the defining symptom for the majority of patients with the insidious
onset subtype of VaP, where clinical features are progressive and sub-cortical ischemic
changes are prominent [1, 10]. Gait disturbances have been reported to be the initial
symptom in 90% of VaP patients [22]. The gait pattern in VaP has been variably described as
cerebrovascular gait disorder, lower body parkinsonism, lower half parkinsonism, magnetic
gait, frontal gait, “marche & petit pas”, slipping clutch syndrome, gait apraxia, vascular
pseudoparkinsonism and mixed shuffling/ataxic gait [3, 5, 15, 20, 23-26]. The gait pattern
of VaP has been described on the basis of clinical observations and various kinematic and
gait analysis techniques [27, 28]. A key distinguishing feature from PD, is the wide based
gait in VaP. The posture of patients with VaP may remain upright and the degree of flexion at
knees and hips is less compared to PD [28].

Start hesitation and freezing are common features in VaP [10, 29]. Freezing may respond to
external cues as in PD. Festination (tendency to move forward with increasingly rapid but
smaller steps) is not common in VaP [7, 10]. Stride length in VaP gait is usually short,
velocity slow and the patients have a tendency to shuffle [10, 30]. Disequilibrium and poor
postural responses are common [3, 5, 10, 27]. Arm swings may be slightly diminished but
often remain normal or may even become exaggerated [10]. In severe cases, apraxia of gait
is seen where patients are unable to walk despite efforts coming from the upper body, and
their feet appearing to be glued to the floor.

Patients with VaP can also show increased variability of stride length and times. The stride
length is disproportionately decreased with slower gait and disproportionately increases with
faster walking speed [27]. This phenomenon is similar to that seen in ataxia where an altered
spatiotemporal gait strategy is needed to compensate for instability. Consequently, there is
considerable overlap of parkinsonism and ataxic gait features in patients with VaP with some
authors describing the gait pattern as “parkinsonian-ataxic” [15, 24].
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3. Cognitive impairment and dementia

There is overlap between VaP and vascular dementia with common occurrence of cognitive
impairment in VaP, in particular in the insidious onset subtype. Frequent occurrence of brain
atrophy, white matter hyperintensities and lacunes of presumed vascular origin are common
in both conditions that likely represent a spectrum disorder. It is possible that VaP and
subcortical vascular dementia represent different aspects of a continuum of subcortical
vascular encephalopathy (Binswanger’s disease) [3].

4. Urinary symptoms

Urinary symptoms in VaP are characterized by frequency, and later by incontinence [31].
The major underlying pathophysiology is detrusor overactivity likely due to lack of
inhibitory frontal cortical control [31].

Neuroimaging in VaP

The diagnosis of CVD, which corroborates the clinical manifestations of VaP, is based on
neuroimaging findings. Clinical symptoms of prior CVD, including a history of stroke, rapid
or stepwise progression and presence of vascular risk factors provide supportive evidence.
Acute strokes are typically seen in the acute/subacute post-stroke subtype of VaP whereas
extensive more confluent subcortical small vessel disease is very common in the insidious
onset subtype of VaP. Acute or subacute post-stroke VaP typically presents as unilateral
clinical motor features of parkinsonism, after ischemic or hemorrhagic stroke affecting the
contralateral substantia nigra and/or nigrostriatal pathway. Lesions in these areas generally
occur due to occlusion of paramedian branches of mesencephalic arteries. The original
criteria proposed by Zijlmans et al. require a temporal association between the onset of
clinical symptoms and CVD which only apply to the acute or subacute post-stroke VaP
subtype [32].

The neuroimaging spectrum of CVD is rapidly increasing and includes the traditional white
matter signal hyperintensities in MRI and lacunar infarcts but also microbleeds, enlarged
Virchow Robin spaces and cortical and subcortical atrophy [33]. The imaging protocols and
the description of cerebral small vessel lesions have been highly variable in the literature,
which makes it difficult to compare results from different studies and may have led to
spurious conclusions. In order to prevent diagnostic misclassification, centers of excellence
have proposed standards of reporting vascular changes on neuroimaging, known as the
STRIVE criteria [33]. These criteria also include the proposed operationalization of small
vessel disease markers. The minimum MRI protocol requires T1, T2 and T2* weighted
sequence (2D) and FLAIR, DWI and ADC acquisitions. A few cross-sectional studies
showed a relation between small vessel disease and the presence of VaP [34]. With small
vessel disease defined on the basis of the STRIVE criteria, a recent longitudinal study
showed for the first time a significant relationship between the baseline presence of small
vessel disease and the subsequent incidence of parkinsonism [13]. Meanwhile, new MRI
acquisition protocols further deepen the spectrum of small vessel disease by investigating its
manifestations beyond those seen with conventional MRI, including structural and
functional connectivity, microinfarcts or microbleeds [35].
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Computed tomography (CT) plays only a limited role in neuroimaging of VaP. Although
leukoaraiosis and ventricular enlargement may be suggestive features, small lacunes or non-
confluent white matter lesions may not be visible on CT scans and MRI seems to be the gold
standard in the neuroimaging diagnosis of VaP. It is clear that the definitive role of brain
vascular imaging changes remains to be further investigated as many elderly subjects have
imaging changes of leukoencephalopathy yet are completely asymptomatic and also because
of discrepancies between clinical symptoms and post-mortem vascular lesions remain [12,
17, 34]. It should be kept in mind, however, that pathology studies are by definition cross-
sectional and usually include selected patient populations in advanced stages of their
disease, preventing determination of causality.

Dopamine transporter imaging, such as FP-CIT SPECT (DaT SCAN™) is typically
abnormal in cases with the acute or subacute post-stroke VaP subtype, where presynaptic
striatal dopamine transporter deficiency is congruent with the focal stroke location. Striatal
dopamine transporters are generally preserved in insidious onset VaP with the exception of
spatial limited and rather symmetrical reduction congruent with striatal vascular disease
[36]. Striatal dopamine transporter will be abnormal in patients with mixed
neurodegenerative parkinsonism and comorbid CVD. Striatal dopamine transporter imaging
assessment may help identifying those patients in whom dopaminergic therapy benefit is less
likely: VaP with normal dopamine transporter SPECT, which is very unlikely to respond to
dopaminergic drugs [4].

Differential diagnosis and mixed pathologies in VaP

Differential diagnoses of VaP include primary neurodegenerative parkinsonism due to a-
synucleinopathy (PD, DLB, MSA), tau or other proteinopathies (such as PSP or CBS), NPH
(idiopathic or secondary), myelopathies of non-vascular origin or frontal lobe lesions
(tumors, demyelination) [2, 37]. The occurrence of typical symptoms of PD and
simultaneous findings of CVD may indicate the coincidence of both diseases (Table 2) [5,
38, 39].

The clinical entities of NPH and frontal lobe lesions can usually be readily diagnosed by
anatomic imaging supplemented by disease-specific ancillary laboratory tests. Specific
clinical diagnostic criteria have been developed for primary neurodegenerative
parkinsonisms, such as PD, DLB, PSP, MSA or CBS [9, 40-43]. Parkinsonism can also be
present in non-tau frontotemporal dementia patients. Behavioral changes, language
impairment, and motor neuron disease manifestations in these patients may be present [44,
45]. If clinical uncertainty about the differential diagnosis between VaP and these
neurodegenerative parkinsonisms remains then supplemental testing can include presynaptic
dopamine or cardiac sympathetic nerve terminal planar or SPECT cardiac imaging using
MIBG [46, 47].

Another disorder characterized by gait disorder and incontinence is adult polyglucosan body
disease [48] although the existence of peripheral neuropathy should alert to this possibility.
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The co-occurrence of vascular disease and clinically manifest primary neurodegenerative
parkinsonism is common resulting in mixed pathologies. For example, 19-50% of patients
with autopsy confirmed PD were found to have cerebral vascular lesions at autopsy [11, 49,
50]. The comorbid presence of vascular lesions in PD has been selectively associated with
abnormal gait and balance disturbances [16]. Similar mixed coincidence of vascular disease
and neurodegenerative parkinsonisms can occur with other parkinsonian disorders, such as
PSP, MSA or CBD.

Lewy bodies can be seen in 10 — 20% and B-amyloid plaques in up to 44% of cognitively
and neurologically normal elderly, which may indicate prodromal proteinopathies [51, 52].
Therefore, the co-occurrence of vascular disease and (prodromal) neurodegenerative
proteinopathies is expected to be common in the insidious onset sub-type of VaP as these
generally occur in older individuals. Furthermore, cerebral amyloid angiopathy is positively
correlated with Lewy body pathology in Lewy body disorders [53], illustrating additional
overlap between vascular and neurodegenerative processes.

Older age is a significant risk factor for VaP [13] and normal aging is associated with
substantial nigrostriatal dopaminergic degeneration, which can be as high as 7-8% per
decade of adult life [54, 55]. Therefore, even in the absence of a primary neurodegenerative
disorder, vascular lesions in the elderly are likely to become more symptomatic with greater
nigrostriatal dopaminergic cell loss compared to younger age. Age-related amyloidopathy
may also exacerbate axial motor burden, at least in PD [56]. In this respect, the expression of
parkinsonism and associated non-motor symptoms in elderly subjects with VaP may be
confounded by cumulative or interactive effects between vascular lesions, aging and
common prodromal proteinopathies.

Conclusions, updated diagnostic approach and future directions

VaP can be diagnosed in individual patients with possible prognostic and therapeutic
consequences and therefore should be recognized as a clinical entity. This expert working
group report provides a summary of the history, clinical semiology, imaging, autopsy
findings, and differential diagnosis. The lack of consensus on clear terminology and
inconsistent conceptual definition of VaP in the existing literature formed the impetus for the
current expert working group report. Based on a review of the recent literature, the expert
panel has formulated an updated diagnostic approach for VaP (Table 3) by proposing more
consistent nomenclature for the VaP subtypes. Acute or subacute onset of often asymmetric
parkinsonism in the setting of an ischemic or hemorrhagic lesion in the brain stem or
nigrostriatal pathways is the hallmark of the (sub)acute post-stroke VaP subtype. Insidious
onset VaP subtype presents with developing parkinsonism with additional but variable
pyramidal, ataxic and non-motor signs that are corroborated by imaging findings of CVD,
most often cerebral small vessel disease, and not meeting diagnostic criteria for
neurodegenerative parkinsonism; cerebrovascular gait disorder may be a prodromal or
predominant manifestation of insidious VaP. Molecular imaging techniques not only allow
the identification of more ‘pure’ sub-types of VaP but also recognize mixed or overlapping
syndromes of neurodegenerative parkinsonism and comorbid CVD. Patients meeting clinical
diagnostic criteria for probable neurodegenerative parkinsonism and also have imaging

Parkinsonism Relat Disord. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rektor et al.

Page 11

evidence of CVD in location(s) that is/are spatially congruent with presenting parkinsonism,
in particular postural instability and gait difficulties, likely have the mixed PD/CVD subtype.

The updated diagnostic approach to subtype definition of VaP is intended to facilitate and
harmonize further research to better define this entity, distinguish it from primary
neurodegenerative parkinsonism and identify overlapping syndromes with mixed
pathologies. There is a clear need to validate the diagnostic approach in prospective
longitudinal studies and ultimate comparison with neuropathological findings. Validation of
these clinical criteria is needed to allow randomized therapeutic studies in VaP. There is a
need for multimodal imaging or other biomarker studies to investigate cumulative or
interactive effects between pure vascular lesions, aging and age-related prodromal
neurodegenerative proteinopathies in the etiopathogenesis of VaP. There is also a critical
unmet need to improve treatment of VaP. Therapy that minimizes the vascular risk factors is
expected to slow down the rate of decline, but no studies have yet tested this hypothesis.
Further research is also needed to identify the precise substrate for parkinsonism in insidious
onset VaP, which may involve the investigation of possible hypoperfusion, inflammatory or
excitatory toxic effects of primary vascular disease on neural circuitry relevant for mobility
functions. Finally, increasing availability of vascular, neurotransmitter and proteinopathy
biomarkers will facilitate the investigation of interactive effects between vascular disease,
neurodegeneration and aging to better understand, diagnose and treat this special
parkinsonian clinical entity.

In this manuscript we present our views on the clinical manifestations of VaP, but have not

dealt with therapy of this disorder. Unfortunately, there are no good studies, which discuss

these issues. In particular, we do not yet know whether aggressive treatment of the vascular
risk factors can slow the progressive nature of the disease.

The assumption that the insidious form of VaP is indeed vascular in origin is based on the
common existence of vascular risk factors in these elderly patients, and the interpretation of
the white matter lesions seen on MRI as being of vascular origin. The limited data available
supports this view but additional pathological reports are certainly needed.
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A: VaPark: B: VaPark: C: Mixed PD/CVD: D:iPD:
Normal DA DA scan with focal Abnormal DA Abnormal DA
scan vascular lesion denervation & CVD | denervation scan

Figure 1.
The composite figure illustrates MRI and dopamine nerve terminal imaging examples of

proposed diagnostic classifications of pure VaP with either normal dopamine nerve terminal
scan (A) or with spatial congruent vascular striatal lesion (B); mixed PD/CVD (C) and pure
idiopathic PD (D).
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Table 1

Risk factors for cerebrovascular disease in VaPark 52

. Arterial hypertension

. Heart diseases
- Atrial fibrillation
- Ischemic heart disease and myocardial infarct
- Cardiomyopathies

- Valvular heart disease

. Ortosthatic hypotension

. Diabetes mellitus

. Dyslipidemia

. Obesity

. High fat, sugar or salty dietary habits
. Lack of physical activity

. Smoking

. Sleep apnea

. Excessive alcohol consumption
. Older age

. Genetic factors
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Clinical and imaging features in post-stroke and insidious VaPark subtypes and mixed VaPark/

neurodegenerative parkinsonism.

Table 2

Page 18

Diagnosis

Onset

Clinical presentation

Associated features

MRI findings

Acute/subacute Post-stroke VaPark

Acute/Subacute

4-6 Hz resting/postural tremor
+/-

Rigidity with cogwheeling (—/+)
Lower body predominance (=)
Levodopa response (+)
Dementia (-)

Upper motor neuron signs (=/+)

Asymmetry of
neurological
involvement, robust
dopaminergic
responsiveness

Contralateral
stroke in
substantia nigra or
nigrostriatal
pathway region

Insidious VaPark

Insidious

Tremor (-)

Rigidity with cogwheeling (=)
Predominance on lower body (+)
Levodopa response (-)
Dementia (+/-)

Upper motor neuron signs (+)

Predominantly
symmetrical
neurological

involvement, cognitive
or urinary symptoms

Deep white matter
hyperintensities

Mixed neurodegenerative

parkinsonism and CVVD (mixed PD/
C

Insidious

4-6 Hz resting/postural tremor
(+1-)

Rigidity with cogwheeling (+)
Predominance on lower body
(=1%)

Levodopa response (+)
Dementia (-/+)

Upper motor neuron signs (=)

Symmetrical or
asymmetrical
neurological
involvement, cognitive
or urinary symptoms

Deep white matter
hyperintensities
and/or strokes,
lacunar infarcts

Legend: (+) sign present; (=) sign absent; (=/+) sign can be present or absent, more likely absent; (+/-) sign can be present or absent, more likely

present.

Parkinsonism Relat Disord. Author manuscript; available in PMC 2019 April 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Rektor et al.

Updated diagnostic approach VaPark subtypes

Table 3

Page 19

Acute/subacute Post-stroke VaPark

Insidious VaPark

Mixed neurodegenerative
parkinsonism and CVD (mixed PD/

dopamine transporter
deficiency congruent with
the stroke

. Preserved levodopa
responsiveness

Pyramidal signs
Cognitive decline

Urinary urgency/
incontinence

Pseudobulbar
symptoms

Absence of
significant levodopa
responsiveness

CVD)

Obligatory . Acute/subacute onset of . Progressive disease . Patients meeting clinical
parkinsonism (typically) (insidious or diagnostic criteria for
asymmetric stepwise) probable

. i i . neurodegenerative
. Imaging evidence of stroke . Mixed shuffling/ parkinsonism (PD, DLB,
in the nigrostriatal pathway ataxic gait PSP, MSA, CBS, non-
. Postural instability tau FTD parkinsonism)
. Imaging evidence of and
cerebrovascular . Imaging evidence of
small vessel disease cerebrovascular disease
beyond the in location(s) that is/are
nigrostriatal pathway spatially congruent with
presenting parkinsonism,
in particular postural
instability and gait
difficulties, upper motor
neuron signs or
incontinence.
Supportive . Presynaptic striatal . Freezing of gait . Abnormal striatal

dopamine transporter
imaging findings not

explained by vascular
lesions

Abnormal cardiac
sympathetic nerve
terminal imaging
findings

Non-supportive

. Abnormal striatal
dopamine transporter
imaging findings not
explained by nigrostriatal
pathway vascular lesions

. Abnormal cardiac
sympathetic nerve terminal
imaging

Abnormal striatal
dopamine transporter
imaging findings not
explained by striatal
vascular lesions

Abnormal cardiac
sympathetic nerve
terminal imaging
findings

Normal striatal
dopamine transporter
imaging

Legend: CBS, corticobasal syndrome; CVD, cerebrovascular disease; DLB, dementia with Lewy bodies; FTD, frontotemporal dementia; MSA,
multiple system atrophy; PD, Parkinson disease; PSP, progressive supranuclear palsy.
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