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Focal imaging abnormalities in patients with parkinsonism suggest secondary 
etiology and require a distinctive clinical approach to diagnosis and treatment. 
We  review different entities presenting as secondary parkinsonism associated 
with structural brain lesions, with emphasis on the clinical course and 
neuroimaging findings. Secondary parkinsonism may be due to vascular causes, 
hydrocephalus, space-occupying lesions, metabolic causes (including acquired 
hepatocerebral degeneration, diabetic uremic encephalopathy, basal ganglia 
calcifications, osmotic demyelination syndrome), hypoxic-ischaemic brain 
injury, intoxications (including methanol, carbon monoxide, cyanide, carbon 
disulfide, manganese poisoning and illicit drugs), infections and immune causes. 
The onset can vary from acute to chronic. Both uni-and bilateral presentations 
are possible. Rigidity, bradykinesia and gait abnormalities are more common than 
rest tremor. Coexisting other movement disorders and additional associated 
neurological signs may point to the underlying diagnosis. Neuroimaging studies 
are an essential part in the diagnostic work-up of secondary parkinsonism and 
may point directly to the underlying etiology. We focus primarily on magnetic 
resonance imaging to illustrate how structural imaging combined with 
neurological assessment can lead to diagnosis. It is crucial that typical imaging 
abnormalities are recognized within the relevant clinical context. Many forms 
of secondary parkinsonism are reversible with elimination of the specific cause, 
while some may benefit from symptomatic treatment. This heterogeneous 
group of acquired disorders has also helped shape our knowledge of Parkinson’s 
disease and basal ganglia pathophysiology, while more recent findings in the field 
garner support for the network perspective on brain function and neurological 
disorders.

KEYWORDS

parkinsonism, lesion, secondary, reversible, MRI, diagnosis

1 Introduction

Parkinsonism is a hypokinetic syndrome characterized by the core motor features that may 
present across a range of heterogenous disorders. It is defined by the presence of bradykinesia, 
accompanied by either rigidity, rest tremor or both (1). Secondary (acquired) parkinsonism 
(SP) implies that parkinsonism is due to an identifiable non-genetic and non-degenerative 
cause. The underlying etiology varies widely and may include medications, metabolic 
derangements, cerebrovascular causes, structural brain lesions, infections, immunological 
conditions and toxic influences (2). Although most patients with parkinsonism encountered 
in the clinical practice have idiopathic Parkinson’s disease (PD) or other neurodegenerative 
causes, SP is an important entity. From a historical perspective, SP has helped shape our 
knowledge of PD and gave insight into basal ganglia (BG) pathophysiology. From a clinician’s 
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point of view, it is important that the course, prognosis and response 
to treatment of SP usually differ from PD and that many forms of SP 
are reversible with elimination of the specific cause.

SP related to metabolic and toxic causes presents with acute to 
subacute symptoms of symmetric bradykinesia, rigidity and 
prominent gait impairment, while rest tremor is minimal or absent. 
On the other hand, patients with space-occupying lesions or vascular 
causes usually manifest unilateral symptoms, which may even include 
rest tremor. A significant proportion of patients with SP will also 
manifest additional neurological, cognitive and psychiatric symptoms, 
depending on the lesion localization (2, 3).

In this review, we focus on the acquired forms of akinetic-rigid 
syndrome that are associated with distinct imaging findings. 
Consequently, we do not describe some other causes of SP, including 
iatrogenic causes which are the most common (2, 3). The focus on 
structural imaging, in particular magnetic resonance imaging (MRI), 
allows to illustrate how imaging techniques, combined with 
neurological assessment, can be utilized for early diagnosis that can 
lead to targeted interventions. Since neuroimaging is routinely applied 
in patients with parkinsonism, it is crucial for clinicians to recognize 
typical patterns of abnormalities within the relevant clinical context. 
For different etiologies, we emphasize the clinical course and treatment 
(summarized in Tables 1, 2), pathophysiological mechanism involved 
and characteristic imaging patterns that may lead to the diagnosis.

2 Methods

References for this review were identified by searching PubMed, 
references from individual identified articles, and literature 
recommended by co-authors and reviewers. PubMed was searched 
with the following terms: (Parkinson*) AND (focal lesion) AND 
(stroke or infarct or hemorrhage or hemorrhage or ischemia or 
vascular malformation or tumor or infection or inflammation or 
metabolic or toxic or toxic-metabolic or hydrocephalus). The search 
was unrestricted for dates. This process resulted in a reference list 
containing 483 articles, which included reviews, case reports or case 
series on SP with descriptions of focal abnormalities on computed 
tomography (CT) or MRI. Additional topics for the review as well as 
individual relevant papers were recommended by the reviewers. From 
this pool of articles, we curated the final reference list based on their 
relevance to the focus of this review and to provide a balanced 
overview of the various etiologies discussed in the manuscript. Where 
multiple articles were available on a single etiology, we prioritized 
those with larges case analyses, papers of historical significance, those 
describing MRI findings (except in cases where CT is more 
informative for the etiology) and with information about the quality 
of the response to dopaminergic therapy.

3 Causes of secondary parkinsonism

3.1 Vascular causes

3.1.1 Acute post-stroke and progressive vascular 
parkinsonism

Vascular parkinsonism (VP) is caused by ischemic or, less 
commonly, hemorrhagic cerebrovascular insult. Parkinsonism is rare 

compared to other post-stroke movement disorders. In a cohort of 
1,500 stroke patients, 56 patients exhibited movement disorders 
sequels, but only six of these had parkinsonism. Lesion localization 
included the BG in three cases and the frontal lobe, frontal and 
parietal lobe, and the brain stem in remaining cases (4).

There are two main types of VP. The first is acute post-stroke 
parkinsonism (APSP), which may be  unilateral, or bilateral with 
unilateral predominance. The cause of infarction may be cardioembolic, 
atherothrombotic, lacunar or related to vasculitis, while hemorrhage is 
rare. APSP may present as sudden onset of parkinsonism with lack of 
progression or, more commonly, at the time the patient is recovering 
from limb weakness, typically within the first year after stroke (mean 
interval 4 months). This period, which is longer compared to other 
post-stroke movement disorders, may indicate the occurrence of 
secondary degeneration, i.e., trans-synaptic degeneration of substantia 
nigra (SN) with lesions involving the striatum (4, 5), or delayed 
functional alterations in distributed neuronal networks (4).

As expected, APSP may follow vascular damage in the 
contralateral midbrain (6, 7). In parkinsonism due to midbrain stroke, 
rest tremor is more common compared to other localizations. 
Additional focal neurological signs are usually observed, whereas pure 
hemiparkinsonism is rare (7, 8). Functional imaging confirms the 
involvement of dopaminergic pathways (9–13). Because striatal 
dopaminergic receptors are intact in the presence of presynaptic 
dopaminergic loss, symptomatic treatment with levodopa may 
be effective (8, 9, 11). There are occasional descriptions of patients 
with infarction or hemorrhage within the SN and ipsilateral 
hemiparkinsonism (6, 14). These paradoxical “wrong side” 
presentations remain unexplained, but could be related to the role of 
the ipsilateral striatum in the generation of rest tremor or could reflect 
the damage of crossed dopaminergic fibers from the substantia nigra 
to the thalamus, and are perhaps comparable to cases of PD with 
symptoms ipsilateral to the side of predominant dopaminergic 
nigrostriatal deficit (15–17).

APSP rarely results from stroke affecting the contralateral BG 
structures (18–20). Indeed, among 11 patients with striatal infarcts 
selected from 622 consecutive stroke patients, only one developed 
parkinsonism during the clinical follow-up (21). While it is rare for 
dopaminergic treatment to be  effective in lesions outside the 
nigrostriatal pathway, there are descriptions of positive responses in 
individual cases with BG infarction (21–23). Damage to the 
nigrostriatal pathway can be  identified with positron emission 
tomography (PET) and single photon emission computed tomography 
(SPECT) tracers. This can help narrow down patients that could 
benefit from dopaminergic treatment (13, 19).

Finally, APSP has also been described in lesions confined to the 
cortex. This could be a result of their more wide-spread impact on 
brain function (4, 24). For example, hemiparkinsonism in a patient 
with acute infarction of the contralateral anterior cingulate cortex 
could have resulted from network changes that lead to hypometabolism 
in functionally linked ipsilesional motor areas including the caudate, 
putamen, thalamus and SN (24). More commonly, however, 
subcortical structures are also affected and thus contribute to 
parkinsonism (25).

The second (“progressive”) form of VP has an insidious onset 
with a gradually progressive course and is associated with subcortical 
white matter (WM) T2/FLAIR hyperintensities and lacunar infarcts 
of the subcortical WM, BG and the brainstem (5, 26, 27). 
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TABLE 1 Clinical features and treatment options of acquired parkinsonisms with focal lesions due to vascular etiology, structural damage and metabolic causes.

Etiology Clinical context Parkinsonism Associated signs Treatment Levodopa response

Vascular

Acute post-stroke 

parkinsonism

Sudden stable deficit or 

delayed occurrence after 

recovering from limb 

weakness

Usually unilateral, 

contralateral to the lesion

Pyramidal signs, 

hemisensory deficit

Control of vascular 

risk factors

Effective in isolated 

nigrostriatal damage, possible 

response in BG damage

Progressive 

vascular 

parkinsonism

Slowly progressive course in 

patients with white matter 

signal abnormalities on 

imaging

Symmetric with lower limb 

predominance and early 

postural instability

Cognitive impairment Control of vascular 

risk factors

Rare response to high dose

Vascular 

malformations

Acute or subacute onset with 

slowly progressive or 

fluctuating course

Usually unilateral, 

contralateral to the 

malformation

Pyramidal signs, 

hemisensory deficit

Possibly reversible 

with embolisation 

treatment or surgery

Possible in rare cases of 

nigrostriatal damage

Hypoxic-

ischaemic brain 

injury

Deterioration weeks or 

months after initial 

improvement

Symmetric, rigidity, 

bradykinesia, postural 

instability

Dystonia, bulbar signs, 

myoclonus, seizures

Symptomatic 

treatment of 

associated signs

Possible

Hydrocephalus

Obstructive 

hydrocephalus

Usually years after shunt 

placement following shunt 

failure, sometimes 

paradoxical development as a 

response to shunting

Symmetric Vertical gaze palsy, signs 

of increased ICP

Excellent response 

to shunting

Possible transient 

improvement in cases when 

shunt is not immediately 

effective

Idiopathic normal 

pressure 

hydrocephalus

Chronically progressive gait 

disturbance

Bradykinesia and rigidity 

common, lower limb 

predominance but may affect 

upper limbs

Gait apraxia, cognitive 

impairment, urinary 

incontinence

Ventriculo-

peritoneal shunt

Variable

Space-occupying lesions

Brain tumors Usually subacutely 

progressive; possible delayed 

onset as a treatment 

complication

Usually unilateral Focal neurological deficits, 

signs of hydrocephalus  

and/or increased ICP

Dexamethasone, 

surgical removal of 

tumor

Usually ineffective, possible 

effect in cases of midbrain 

tumors

Subdural 

haematoma

Subacute onset, often no 

history of trauma

Uni- or bilateral Focal neurological deficits, 

confusion, signs of 

increased ICP

Surgical drainage Usually ineffective

Metabolic causes

Acquired 

hepatocerebral 

degeneration

Patients with chronic liver 

failure or porto-systemic 

shunt

Symmetric bradykinesia and 

rigidity, early gait disturbance 

and postural instability

Possible chorea, dystonia, 

ataxia and pyramidal signs

Supportive 

treatment, liver 

transplantation

Should be tested, variable 

response

Diabetic uremic 

encephalopathy

Patients with diabetes 

mellitus and end-stage renal 

disease, especially Asians

Acute onset Impaired consciousness, 

bulbar signs, ataxia, 

seizures

Supportive 

treatment, adjusting 

blood glucose levels, 

hemodialysis

Uncertain

Hypocalcaemia 

and BG 

calcifications

Slowly progressive with 

associated signs in a younger 

patient with calcifications on 

imaging

Symmetric bradykinesia and 

rigidity, typical parkinsonian 

gait

Neuropsychiatric 

symptoms, additional 

movement disorders, 

symptoms of hypocalcaemia 

(paraesthesia, tetany, 

epileptic seizures)

May respond to 

normalization of 

serum calcium levels

Unresponsive

Osmotic 

demyelination 

syndrome

Deterioration after initial 

improvement in cases with 

rapid correction of 

hyponatremia

Usually symmetric, rarely 

asymmetric presentation or 

corticobasal syndrome

Pyramidal signs, 

pseudobulbar palsy

Supportive 

treatment

Possible in cases with 

midbrain demyelination

BG, basal ganglia; ICP, intracranial pressure.
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TABLE 2 Clinical features and treatment options of acquired parkinsonisms with focal lesions due to toxic, infectious and immunological causes.

Etiology  Clinical context Parkinsonism Associated signs Treatment Levodopa 
resonse

Intoxications

Methanol Days after intoxication Symmetric rigidity, 

bradyhypokinesia, 

hypomimia

Blindness, sometimes 

dystonia

Possible

Carbon monoxide Delayed onset after recovery of 

consciousness, progressive course, 

stable disease or recovery

Acute onset, symmetric 

rigitidy, bradykinesia, 

sometimes rest tremor, 

hypomimia

Cognitive decline, dystonia Possible spontaneous 

recovery with minimal 

residual symptoms

Ineffective

Cyanide Recovery after attempted suicide 

or homicide

Acute or delayed onset Dystonia, dysarthria Possible in cases with 

SN degeneration

Carbon disulfide Chronic exposure in industrial 

workers, treatment with disulfiram

Symmetric Peripheral neuropathy, ataxia Uncertain

Manganese Chronic exposure in industrial 

workers, total parenteral nutrition, 

consumers of ephedrone

Symmetric with postural 

instability

Craniocervical and limb 

dystonia, »cock gait«

Should be tested, 

variable response

Infections

Japanese B 

encephalitis

In most patients within the first 

month after regained 

consciousness

Symmetric bradykinesia, 

rigidity, hypomimia, 

possible tremor

Dystonia, pyramidal signs, 

cognitive impairment

Possible spontaneous 

recovery, often with 

residual deficits

Possible

Mycoplasma 

pneumoniae

After remission of respiratory 

symptoms, usually in children and 

young adults

Acute onset, symmetric Dystonia, chorea, ataxia, 

dysarthria, neuropsychiatric 

symptoms

Usually spontaneous 

recovery, symptomatic 

treatment, 

occasionally 

immunosuppressive 

treatment

Uncertain

Neurocysticercosis Rapid progression of atypical 

parkinsonism in a patient living in 

or traveling to an endemic area

Subacute onset, bilateral, 

may be asymmetric

Focal deficits, pyramidal 

signs, seizures, signs of 

increased ICP, 

neuropsychiatric symptoms

Antiparasitic drugs, 

sometimes steroid 

treatment or surgical 

excision

Uncertain

Opportunistic 

infections

 Immunocompromised patient Subacute onset Focal signs, seizures, 

neuropsychiatric symptoms

Supportive and 

curative

Possible in cases with 

SN damage

Immunological

Paraneoplastic Resembling parkinsonism plus, 

often in younger individuals. First 

manifestation or later in disease 

course

Rapidly progressive, but 

can also be slower and 

mimic neurodegene-

ration

Dystonia, gaze palsy, 

neuropsychiatric symptoms

Supportive, 

immunosuppressive 

and antineoplastic 

treatment

Possible partial 

improvement

Systemic 

autoimmune 

diseases

Usually in patients with an 

established autoimmune disease

Usually symmetric, but 

may be asymmetric

Focal signs, systemic 

symptoms

Immunosuppressive 

treatment

Ineffective

Multiple sclerosis In patients with established 

multiple sclerosis, rarely newly 

diagnosed patients

Can be asymmetric Focal signs Steroids, 

immunomodulatory 

treatment

Possible in cases with 

damage to 

nigrostriatal fibers

BG, basal ganglia; ICP, intracranial pressure; SN, substantia nigra.

Parkinsonism predominates in the lower limbs and patients have 
short-stepping gait with early postural instability. This type of VP is 
somewhat controversial: there is no abnormal structural imaging 
pattern specific to this type of VP, and there is poor correlation 
between brain MRI hyperintensities and microangiopathic brain 
disease and parkinsonism from available clinicopathologic data (28). 
This may imply that a proportion of the patients labeled as VP may 
instead have PD or other neurodegenerative parkinsonism with 

co-existing leukoaraiosis, or an alternative diagnosis associated with 
WM changes, such as normal pressure hydrocephalus, CADASIL or 
rare forms of adult-onset leukodystrophy (28).

The term “cribriform state” or “Swiss Cheese Striatum” (SCS), 
refers to dilatations of the perivascular spaces leading to lacunar cysts 
in the BG (especially striatum) evident on MRI. Several bilateral or 
unilateral cases of parkinsonism have been reported in association 
with SCS (29, 30). However, no difference in the prevalence of 
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parkinsonism or the presence of vascular risk factors was observed 
between patients with MRI evidence of SCS and matched controls 
(31). Thus, clinicians need to consider other causes before attributing 
parkinsonism to SCS.

3.1.2 Vascular malformations
Vascular malformations (VM) are a rare but potentially reversible 

cause of SP. Symptoms may be due to the mass effect of the VM, 
parenchymal injury caused by ischemia or hemorrhage, or due to 
subtle metabolic alterations resulting from circulatory changes. For 
example, dural arteriovenous fistulae (DAVF) may cause parkinsonism 
by hypoperfusion of the BG and frontal WM or by impairing the 
drainage of the deep veins (32–35). The haemodynamic impairment 
caused by DAVF may also lead to clinical parkinsonism by 
accentuating dopaminergic deficiency in patients with preclinical 
PD. (36) MRI findings suggestive of DAVF are diffuse T2-weighted/
FLAIR hyperintensities in the WM (that may also affect the BG) and 
tortuous flow voids of venous channels. A combination of 
parkinsonism and T1-weighted hyperintensities in the BG (related to 
venous congestion) is particularly suggestive of DAVF (37). 
Angiography remains the gold standard for diagnosis and provides 
detailed information for treatment planning. The extent of reversibility 
of symptoms with surgical removal or embolization treatment will 
depend on the mechanism involved.

3.2 Hydrocephalus

3.2.1 Obstructive hydrocephalus
Parkinsonism is a rare complication of obstructive hydrocephalus 

(OH). If OH is caused by infratentorial malignant processes, it is 
difficult to conclude if symptoms arise from brainstem compression/
infiltration or from secondary hydrocephalus (38). Nevertheless, cases 
of parkinsonism in non-neoplastic aqueductal stenosis confirm the 
causative role of increased cerebrospinal fluid (CSF) pressure (39, 40). 
Parkinsonism usually appears months or years after the initial 
presentation of OH, following repeated episodes of shunt failure. It is 
symmetric and may be associated with vertical gaze palsy (as part of 
Parinaud’s syndrome), thus resembling progressive supranuclear palsy 
(PSP) (41). It is likely a consequence of direct and immediately 
reversible compression of the BG, with excellent response to shunting. 
In cases where the shunt is not immediately effective, this may be due 
to predominant compression or torsion of nigrostriatal projections 
and dopaminergic replacement therapy may be effective (40, 42).

Clinicians should also be  aware of paradoxical worsening of 
parkinsonism after shunting that occurs despite the normalization in 
the ventricular size. This is presumably caused by sudden alteration of 
the transtentorial pressure gradient or shunt overdrainage, which may 
damage nigrostriatal fibers (43, 44). In this scenario, the response to 
levodopa is good. Medications may be discontinued after a while, 
without recurrence of parkinsonism (45, 46).

3.2.2 Idiopathic normal pressure hydrocephalus
Idiopathic normal pressure hydrocephalus (iNPH) presents with 

progressive dementia, gait apraxia and urinary incontinence, 
associated with ventriculomegaly and normal CSF pressure (47). 
There are no definitive pathological findings confirmatory of iNPH. In 
addition, ventricles enlarge with age, while gait abnormalities, 
incontinence and cognitive impairment are also common in elderly. 

Thus, when dealing with patients with parkinsonism and radiological 
findings of iNPH, clinicians should address the question if 
parkinsonism is a direct consequence of iNPH or the patient has 
another neurodegenerative disease that may present with enlarged 
ventricles (48). In iNPH, the lateral and third ventricles are enlarged 
out of proportion to the cortical sulcal enlargement, along with 
periventricular hypodensity on CT or high T2/FLAIR signal on MRI, 
which might represent transependymal exudate. Evans index is the 
most established measurement in the diagnosi of iNPH, and is defined 
as the ratio of the maximal distance between the lateral margins of the 
lateral ventricles to the inner skull diameter on the same transverse 
slice. The value of 0.3 or greater is typical for iNPH (49). Among other 
markers supportive of iNPH are increased anterior–posterior diameter 
of the lateral ventricles, acute callosal angle, upward bowing of the 
corpus callosum, and crowding of the sulci near the vertex 
accompanied by enlarged CSF spaces inferiorly, particularly in the 
Sylvian fissures (disproportionately enlarged subarachnoid space 
hydrocephalus, DESH) (50–52), Although characteristic gait 
impairment is the most well-known motor symptom of iNPH, 
bradykinesia and rigidity are relatively common, and may affect upper 
limbs (46). Some studies even reported greater involvement of upper 
vs. lower limbs, or exclusive upper limb parkinsonism (46). Gait 
disturbance and postural instability may improve with shunting. Even 
though less data is available on the response of the cardinal motor 
signs of parkinsonism, these may also improve in a proportion of 
patients after shunting (53). The response to levodopa is highly 
variable, from no effect or little improvement to excellent response 
(46). Nevertheless, levodopa responsiveness in iNPH is rare and 
suggests a primary neurodegenerative process of the nigrostriatal 
system, particularly when improvement is striking.

3.3 Space-occupying lesions

3.3.1 Brain tumors
Brain tumors may lead to parkinsonism through several 

mechanisms, which may overlap. The most common is the pressure 
on the BG by the mass and its surrounding oedema, as in the cases of 
meningiomas and other supratentorial tumors not directly invading 
the BG (37, 54). The second is direct infiltration of the BG by glioma 
or lymphoma (Figure 1A) (55, 56). Next, brain tumors can cause SP 
by damaging the SN, through midbrain compression (e.g., 
craniopharyngeoma) or by infiltration (55, 57). Parkinsonism may 
also result from tumors involving the supplementary motor area or 
another strategic location that is disconnecting the pathways between 
the BG and the cortical motor areas (58–60). Finally, parkinsonism 
may arise in the setting of obstructive hydrocephalus caused by a 
tumor (38).

Clinical presentation and imaging findings depend on tumor 
localization, size, presence of oedema, and hydrocephalus. 
Parkinsonism is the presenting feature in small tumors involving the 
nigrostriatal pathway or individual BG structures. In contrast, larger 
tumors with surrounding oedema present with other neurological 
signs that may later be followd by parkinsonism. Hydrocephalus may 
be accompanied by signs of increased intracranial pressure, including 
headache, nausea, altered vision and decreased consciousness (61). 
Although cerebral tumors are not a common cause of parkinsonism, 
they should not be  overlooked as a potentially curable cause. 
Parkinsonism is reversible when caused by compression rather than 
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infiltration of the BG (58, 62, 63). Dopaminergic medications usually 
have no beneficial effect. However, distortion of the midbrain or 
infiltration resulting in SN cell loss may result in levodopa 
responsiveness (64, 65).

In addition to disease recurrence or progression, the appearance 
of parkinsonism in a patient with a history of brain tumor may indicate 
delayed treatment complication. Parkinsonism has been observed in 
children and adults after cranial radiotherapy. Pediatric cases have 
been associated with radiation induced globus pallidus (GP) lesions 
(66, 67). In adults, delayed parkinsonism not responsive to levodopa 
has been reported following whole brain irradiation, with MRI being 
consistent with leukoencephalopathy, likely caused by radiation-
induced obliterating vasculopathy (68). Parkinsonism has also been 
observed in patients after systemic or intrathecal chemotherapy, in 
patients treated with immune checkpoint inhibitors for solid tumors 
and in oncological patients treated with amphotericin B (3, 69, 70).

3.3.2 Subdural haematoma
Uni-and bilateral subdural haematomas (SDH) may rarely present 

with contralateral or bilateral parkinsonism, respectively (71–74). 
Symptoms may be caused by the mass effect of the SDH, resulting in 
mechanical compression of the BG or the nigrostriatal pathway, or by 
remote vascular disturbances and/or metabolic changes within the BG 
circuits (73). In addition, mechanical compression of the contralateral 
structures due to midline shift may result in ipsilesional parkinsonism 
(75). Parkinsonism develops subacutely, accompanied by headache, 
cognitive impairment and pyramidal signs. Quite often there is no 
history of head trauma, and symptoms appear to have developed 
spontaneously (as is often the case for chronic SDH in general), 
dictating a low threshold for requesting imaging in patients with 
subacute neurological deterioration. Surgical drainage of SDH usually 
leads to complete remission of the symptoms. Occasionally, in cases 
of bilateral SDH, remission is only partial (74).

3.4 Metabolic causes

3.4.1 Acquired hepatocerebral degeneration
Acquired hepatocerebral degeneration (AHD) affects 1–2% of 

patients with chronic liver failure or porto-systemic shunt (76). 

Parkinsonism is its most common presentation. It is associated with 
early gait disturbance, falls and cognitive impairment. Chorea, 
orolingual dyskinesias, dystonia, ataxia and pyramidal tract signs 
may co-exist. The onset is usually insidious, the clinical course varies 
from stable to progressive (76). Symptoms of AHD arise from 
dysfunctional hepatic clearance and consequent accumulation of 
toxic substances in the brain. More specifically, parkinsonism arises 
from manganese accumulation in the BG with predilection for the 
pallidum. Accordingly, MRI shows bilateral pallidal T1 
hyperintensities (77). High T1 signal may extend to the putamen, 
caudate and SN, but is only rarely seen in the cerebellum. Levodopa 
should be tried in every patient, but response is variable, from modest 
to dramatic, likely reflecting more than one mechanism of 
manganese-induced parkinsonism. While most patients have normal 
dopamine transporter uptake, consistent with postsynaptic 
parkinsonism, there are cases with reduced dopamine transporter 
uptake, suggesting that manganese accumulation may also cause 
degeneration of presynaptic dopaminergic nerve cells. Both 
parkinsonism and pathological MRI signal may improve after liver 
transplantation (78).

3.4.2 Diabetic uremic encephalopathy
Acute bilateral BG lesions may appear in diabetic uremic patients. 

Patients with end-stage renal disease caused by long standing diabetes 
mellitus (particularly Asians) may develop acute parkinsonism, which 
may be accompanied by lethargy, bulbar impairment with dysarthria 
and dysphagia, ataxia, and seizures. MRI findings are striking, 
revealing bilateral oedema of the lentiform nuclei, which appears as 
hyperintense on T2/FLAIR, surrounded by a bright hyperintense rim 
resembling a fork – the so-called lentiform fork sign (79). MRI 
changes represent vasogenic oedema, caused by the breakdown of 
vascular autoregulation due to metabolic derangement. Improvement 
of parkinsonism with regression of imaging abnormalities is common 
after hemodialysis. This syndrome is distinct from the classical 
“uremic encephalopathy,” where cortical dysfunction manifests with 
seizures, cortical myoclonus and abnormal EEG.

3.4.3 Parkinsonism due to hypocalcaemia and BG 
calcifications

Calcifications in the BG appear in 0.2–2% of routine CT scans, 
even more commonly in individuals over 50, and may be detected in 
almost 40% of 70-year-olds (80, 81). In the vast majority, such 
age-related calcifications are confined to the pallidum and have no 
clinical significance. When calcifications extend beyond the pallidum 
to involve the striatum, thalamus, dentate nuclei and cerebral WM, 
they are likely pathological (Figure  1B). They appear in primary 
familial BG calcification (formerly known as Fahr’s disease), a rare 
genetic neurodegenerative disorder (82). Further, pathological 
calcifications can occur in disorders of calcium metabolism, most 
commonly in hypoparathyroidism and pseudohypoparathyroidism 
(83). The recent literature review of 223 cases of BG calcifications due 
to hypoparathyroidism revealed parkinsonism as the most common 
movement disorder, followed by chorea, ataxia, tremor, dystonia or 
paroxysmal dyskinesias (84). These patients also had prominent 
neuropsychiatric symptoms, including cognitive decline, personality 
or behavioral changes, apathy, agitation, psychosis, depression and 
anxiety (84). The mean time between symptom onset and diagnosis is 
approximately a decade, suggesting very long diagnostic delay. In 

FIGURE 1

(A) Glioblastoma in right basal ganglia on gadolinium-enhanced 
T1-weighed MRI presenting with left hemiparkinsonism, gait 
instability and mild dysarthria. (B) Basal ganglia calcifications on CT 
scan in a patient with a disorder of calcium metabolism presenting 
with symmetric parkinsonism.

https://doi.org/10.3389/fneur.2024.1438885
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Berlot et al. 10.3389/fneur.2024.1438885

Frontiers in Neurology 07 frontiersin.org

patients with hypoparathyroidism, parkinsonism most commonly 
does not respond to levodopa but may respond to restoration of 
calcium levels (84). In primary familial BG calcification, levodopa 
response is variable: it is most commonly observed in patients with 
nigrostriatal denervation, whereas cases with cerebellar or gait 
disturbance are usually unresponsive (83).

Considering that bilateral BG calcifications are common incidental 
findings, a substantial proportion of patients suffering from PD will 
have non-significant BG calcifications. Further workup is indicated in 
younger patients, if calcifications are not confined to pallidum, 
parkinsonism is not responsive to levodopa, and patients suffer from 
signs indicative of hypocalcaemia (paraesthesia, tetany and epileptic 
seizures), and/or disproportional neuropsychiatric symptoms.

3.4.4 Osmotic demyelination syndrome
Osmotic demyelination syndrome occurs after rapid correction of 

hyponatraemia, but even gradual correction can produce myelinolysis 
in the setting of pre-existing malnourishment, alcoholism, Addison’s 
disease or immunosuppression. A biphasic course is typical. Initially, 
patients develop seizures or encephalopathy due to hyponatremia, but 
improve after electrolyte correction. Following a short period of 
stabilization (lasting 1–7 days), a second deterioration is caused by 
central nervous system demyelination. Central pontine myelinolysis 
(CPM) affects corticospinal and corticobulbar tracts, causing 
tetraparesis and pseudobulbar symptoms. Extrapontine myelinolysis 
(EPM) affects the midbrain, thalami and the BG and may cause 
parkinsonism, with prominent corticospinal signs due to co-existing 
CPM (85). Symptoms are symmetrical, but there are rare descriptions 
of asymmetric parkinsonism with dystonia and apraxia, mimicking 
corticobasal degeneration (86, 87). Parkinsonism may arise from 
demyelination in the SN, resulting in nigrostriatal denervation and 
abnormal functional dopaminergic imaging (88), or it may be the 
consequence of striatal myelinolysis (89). The response to levodopa 
depends on the relative damage to pre- and post-synaptic 
dopaminergic function. Parkinsonism in the setting of osmotic 
demyelination syndrome may be  transient with full recovery or 
irreversible (90, 91). MRI demonstrates symmetric confluent T2/
FLAIR hyperintensities and T1 hypointensities in the brainstem, 
striatum and thalamus (92, 93). Although pallidal sparing is 
considered typical for EPM, cases of isolated bipallidal involvement 
have been described (94). Importantly, there is an apparent lag 
between the onset of clinical features and appearance of MRI 
abnormalities on T2/FLAIR, with imaging changes lagging by up to 
1–2 weeks. However, diffusion restriction can be  seen as early as 
within 24 h of symptoms onset. In cases with high clinical suspicion 
but inconclusive early imaging, MRI should be repeated in 2–3 weeks.

3.5 Hypoxic-ischaemic brain injury

Hypoxic–ischemic brain injury (HIBI) is a consequence of 
compromised oxygen supply to the brain, which can result from 
decreased blood flow to the brain or hypoxia (95). The outcome 
depends on the mechanism of the hypoxic-ischaemic event, as these 
have distinct pathological consequences. Pure hypoxia does not 
necessarily lead to severe brain injury, even with prolonged lack of 
oxygen, as long as the systemic circulation is adequately preserved. 
Epidemiologically, these patients are younger, with less pre-existing 

atherosclerotic vascular disease, which has implications for 
cerebrovascular autoregulatory function (96, 97). A hypoxic event 
causes elevation of the partial pressure of carbon dioxide and 
respiratory acidosis, which triggers cerebrovascular dilation and an 
increase in cerebral blood flow. In the setting of a preserved systemic 
circulation, glucose supply to the brain continues, and toxic metabolites 
are washed away. Thus, after a purely hypoxic event, patients may 
be  comatose, but have possibility for a full recovery. This is very 
different from the cardiac arrest in which the nutritional supply ceases 
and toxic metabolites accumulate. Hence, individuals who suffered 
significant HIBI may display different dynamics of neurological 
symptoms. Initially, patients have a diminished level of consciousness, 
which may lead to death or improvement, which can again be complete 
or partial. Moreover, apparent recovery may be followed by secondary 
deterioration after days to weeks (96, 97). Patients with HIBI who 
develop parkinsonism are older and with shorter latency of symptoms 
compared to those who develop a pure dystonic syndrome (97). The 
most common pathological correlate of parkinsonism caused by HIBI, 
both in animal models and in humans, is the necrosis of the pallidum 
and the striatum. CT shows low density lesions in these structures, 
while MRI shows T2-weighted/FLAIR hyperintense signals (97).

3.6 Intoxications

3.6.1 Methanol poisoning
Outbreaks of methanol poisoning most commonly occur from 

illegal adulteration of ethanol with methanol. A massive poisoning took 
place recently in Iran during the COVID-19 pandemic, led by a belief 
that consumption of alcohol may prevent viral infection (98). Ingested 
methanol is metabolized in the liver to produce formaldehyde and 
formic acid, which causes metabolic acidosis and is also directly toxic 
for mitochondrial metabolism. Acute methanol intoxication results in 
coma, but with intensive treatment most patients survive, though 
parkinsonism may develop. Affected patients are blind due to 
methanol-induced optic neuropathy. The pathological correlate of 
methanol-induced parkinsonism is bilateral putaminal necrosis. CT 
shows bilateral putaminal hypodensities, sometimes with intermingling 
high density in the acute phase, suggestive of microhaemorrhage. MRI 
characteristics are time dependent. In the acute phase, there is low 
signal on T1-weighted imaging (but high if hemorrhages are present), 
high signal on T2/FLAIR scans and restricted diffusion on diffusion-
weighted imaging due to cytotoxic oedema (99). In the chronic phase, 
bilateral biconvex lens-shaped putaminal T2/FLAIR hyperintense 
lesions with cavitations are characteristic (100). Some patients may 
respond to dopaminergic therapy, suggesting that methanol may affect 
the nigrostriatal pathway, while leaving some postsynaptic neurons 
intact to benefit from medications.

3.6.2 Carbon monoxide poisoning
Toxic exposure to carbon monoxide (CO) may arise from motor 

vehicle exhausts, home heating furnaces, kitchen ovens, space heaters, 
and fires. CO blocks oxygen binding to hemoglobin and also directly 
inhibits mitochondrial cytochrome oxidase, further affecting the 
process of oxidative phosphorylation (101). The rate of reported 
neurologic sequels among survivors varies from 0.2–40%. Affected 
patients may show acute progressive or delayed relapsing course (102). 
In the acute form, victims do not regain consciousness, but progress 
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FIGURE 2

(A) T1-weighted hypointensities (left) and T2-weighted hyperintensities (right) bilaterally in globus pallidus in a patient with parkinsonism and cognitive 
decline after carbon monoxide posioning. (B) FLAIR hyperintensities in bilateral basal ganglia in anti-Ma2 encephalitis presenting with parkinsonism.

from coma to the persistent vegetative state, remaining mute and 
bed-bound with spasticity, rigidity and paucity of spontaneous 
movements. Delayed sequels appear after consciousness is regained. 
These patients may look like they have recovered completely (to the 
extent that they are discharged home), but within a month abruptly 
develop parkinsonism and cognitive decline, sometimes with fixed 
limb dystonia. Symptoms may then progress to an akinetic-mute state 
or may stabilize and subsequently improve with minimal residual 
features (102). Dopaminergic drugs are ineffective, but spontaneous 
recovery occurs. The anatomical basis of CO induced parkinsonism is 
not straightforward, but likely results from bilateral pallidal lesions. CT 
reveals bilateral hypodense lesions in the GP and diffuse WM changes, 
but similar signal alterations are also observed in asymptomatic 
individuals. On MRI, lesions are hypointense on T1 and hyperintense 
on T2/FLAIR (Figure 2A). Diffusivity alterations in the acute phase 
may help identify patients at risk of developing parkinsonism (103).

3.6.3 Cyanide poisoning
Acute cyanide poisoning is usually encountered in attempted 

suicide or homicide. Cyanide interferes with mitochondrial respiration 
by inhibiting cytochrome oxidase. Survival is uncommon and the 
primary long-term neurologic complication is parkinsonism, which 
may develop acutely or following a period of apparent recovery (104). 
The predominant neuropathological lesion involves the GP and SN 
pars reticularis, while the pars compacta remains intact (105). 
However, there are case reports with documented progressive loss of 
dopamine transporter suggestive of nigral neuronal apoptosis (106).

3.6.4 Carbon disulfide and disulfiram intoxication
Carbon disulfide is a clear and colorless highly volatile liquid used in 

the viscose rayon and rubber industries, and as a fumigant for the 
sterilization of grain. The mechanism of its neurotoxicity is unknown 
(101). Neurological complications include parkinsonism. Primates 
chronically exposed to carbon disulfide develop a parkinsonism-like 
syndrome with extensive symmetrical necrosis of the GP and SN pars 
reticularis (107). Neurotoxicity of the drug disulfiram, used in the 
treatment of alcoholism, is likely related to its metabolite carbon 
disulfide. Parkinsonism may develop either in the setting of acute 
overdose or after days to weeks of disulfiram treatment (108). MRI shows 
lentiform lesions, affecting the pallidum and posterior putamen. 

Although disulfiram is almost no longer used in the treatment of 
alcoholism, it has been investigated as a repurposed drug for cancer 
treatment (109). Therefore, new cases of toxicity may appear in the future.

3.6.5 Manganese intoxication
Manganese-induced parkinsonism has been reported in 

individuals with chronic occupational exposure to high Mn levels, 
among welders, miners or workers in dry battery manufacturing 
(101, 110). Mn intoxication has also been described in patients with 
chronic liver disease, on long-term parenteral nutrition (111, 112), 
and in Eastern European drug addicts following repetitive IV use of 
the recreational stimulant ephedrone (113). High Mn concentrations 
in mitochondria lead to oxidative stress. Recent reports suggest that 
Mn may affect misfolding of proteins such as α-synuclein and 
amyloid as well as play a role in neuroinflammation (114). Chronic 
manganism presents with parkinsonism, craniocervical and limb 
dystonia, and balance disturbances. Dystonic involvement of the legs 
is striking, resulting in the so-called ‘cock-gait’, with patients walking 
on their toes with their heels lifted off the ground (due to dystonic 
plantar flexors), with an erect spine and bent elbows (due to 
generalized dystonia) (115, 116). MRI is characteristic as it shows T1 
hyperintensities in the pallidum. In the historical series of 13 Chilean 
miners with manganism, eight showed marked improvement with 
high levodopa doses (117). However, most subsequent papers 
reported levodopa unresponsiveness (118, 119). Levodopa should 
nevertheless be tried in all patients with Mn-induced parkinsonism.

3.6.6 Drugs of abuse
Several illicit drugs have been associated with the development of 

parkinsonism. The tragic story behind 1-methyl-4-pyridine-1,2,3,6-
tetrahydropyridine (MPTP) led to a major breakthrough in PD research. 
MPTP is a byproduct in the synthesis of a synthetic opioid, which causes 
selective degeneration of the SN. This led to development of animal 
models of PD. (120)

Heroin vapor inhalation (or used additives) can have a noxious 
effect of the BG, and has been rarely associated with parkinsonism. 
MRI can reveal leukoencephalopathy, as well as T1- and T2-weighted 
signal alterations in the basal ganglia. Levodopa responsiveness has 
been reported (121). Methamphetamines and synthetic cannabinoids 
can also induce parkinsonism, with similar MRI patterns of T2/FLAIR 
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white matter hyperintensities and GPi or more distributed BG 
hyperintensities (122, 123). Organic solvent inhatalation is a common 
form of substance abuse in younger individuals. Chronic toluene 
abuse can lead to nigrostriatal damage resulting in parkinsonism with 
rest tremor. Ataxia and cognitive impairment are commonly observed. 
T2 hypointensities can be observed in deep gray matter nuclei, and 
extensive damage to the basal ganglia has been reported (124).

3.7 Infections

When parkinsonism develops in the acute or convalescent phase 
of a febrile illness, an infective etiology should be  considered. 
Parkinsonism may be  due to a direct effect of bacterial or viral 
infection on dopaminergic or BG function, or due to a parainfectious 
immune process. 

3.7.1 Viral encephalitis
Movement disorders are frequent and disabling consequences of 

Japanese B encephalitis, which is endemic in Southeast Asia and 
Western Pacific. Parkinsonism is noted early, as soon as consciousness 
is regained, and residual disability is common (125, 126). MRI 
findings include bilateral but asymmetric thalamic lesions. Focal 
lesions may also affect the BG, SN, cerebellum, pons and cerebral 
cortex (126, 127). Some patients with predominant lesions in the SN 
have good response to levodopa (128, 129). West Nile encephalitis can 
also cause SP. It is usually transient, but may persist in patients with 
severe encephalitis. Bilateral T2/FLAIR hyperintense lesions have 
been observed in various areas, including the basal ganglia, thalamus, 
medial temporal lobes, pons and SN (130, 131). HIV-related 
encephalopathy can lead to basal ganglia damage and to parkinsonism. 
Postural instability and gait difficulties are prominent, while rest 
tremor is absent. Levodopa response is variable. MRI can be normal 
but may reveal cortical atrophy as well as basal ganglia alterations 
(132, 133). Other viruses including SARS-CoV-2 may cause SP due to 
infectious or post-infectious encephalitis, but are typically associated 
with normal MRI or unspecific findings (132, 134).

3.7.2 Mycoplasma pneumoniae
Parkinsonism in the context of Mycoplasma pneumoniae infection 

emerges as the respiratory infection resolves (135–138). It is caused by 
bilateral striatal necrosis: caudate and putamen are selectively affected 
and oedematous, followed by necrosis and consequent cavitations. On 
MRI, this pathological sequence corresponds to initial T2/FLAIR 
hyperintensity of the oedematous striatum, later replaced by 
progressive atrophy and cavitations that appear hypointense on T1, 
hypo-hyperintense on T2/ FLAIR and hypodense on CT. Although 
rare, Mycoplasma pneumoniae should be considered in children and 
young adults with preceding respiratory illness, who develop acute 
parkinsonism associated with radiological evidence of bilateral 
striatal necrosis.

3.7.3 Neurocysticercosis
In a series of 590 consecutive patients with neurocysticercosis,  

parkinsonism was the most common movement disorder, affecting less 
than 3% of patients (139). Parkinsonism was bilateral (though 
sometimes asymmetric), with prominent axial features and of subacute 
onset. It was not associated with a particular localization of the cysts, 

but with widespread large lesions, causing distortions of brain 
structures and hydrocephalus. Hence, it was frequently accompanied 
by symptoms of intracranial hypertension, cognitive impairment, 
pyramidal features, ataxia and epileptic seizures. Neurocysticercosis 
should be considered in patients with parkinsonism who live or have 
traveled to endemic areas, who show atypical features and 
rapid progression.

3.7.4 Parkinsonism related to opportunistic 
infections in immunocompromised patients

Parkinsonism may be  the initial manifestation of Toxoplasma 
gondii infection, with MRI showing ring-enhancing lesions in the BG 
(140). In a case of disseminated cerebral toxoplasmosis, presynaptic 
dopaminergic deficit and a positive response to levodopa were 
observed (141). Subacute parkinsonism in immunocompromised 
patients should also alert the physician to the possibility of 
cryptococcal meningoencephalitis (rarely seen also in 
immunocompetent patients) (142, 143) or HHV-6 (144). Acute/
subacute parkinsonism (and other movement disorders) may also 
develop due to a toxic effect of immunosuppressive therapy (145).

3.7.5 Parkinsonism in Creutzfeldt-Jakob disease
Parkinsonism may be a manifestation in the transmissible group 

of prion diseases. Akinetic mutism is common in the terminal stages 
of Creutzfeldt-Jakob disease (CJD). However, atypical parkinsonism 
may also be the presenting feature of variant or sporadic CJD (146, 
147). The rapidly progressive course along with cognitive decline, 
myoclonus as well as other extrapyramidal and/or psychiatric features 
is suggestive of CJD (148). MRI reveals hyperintensities on diffusion-
weighted and T2/FLAIR sequences. Sporadic CJD is characterized by 
cortical ribboning as well as alterations in deep gray matter nuclei 
(149). In variant CJD, MRI may reveal the pulvinar sign (bilateral 
hyperintensities in the pulvinar thalamic nuclei) or the hockey stick 
sign (additional involvement of the medial thalamus) (150).

3.8 Immunological causes

3.8.1 Paraneoplastic and autoimmune 
parkinsonism

Paraneoplastic neurological syndromes are mostly immune-
mediated disorders that occur in patients with cancer. They can affect 
any part of the nervous system. They are a consequence of an immune 
response initiated by onconeural antigens. They often precede other 
manifestations of cancer (151). Paraneoplastic parkinsonism has been 
described in the association with CRMP5, Ri, and Ma2-antibodies 
(152–156). A rapidly progressive and disabling course is characteristic, 
but insidious course is also possible (157). SP can also be associated 
with antibodies against neuronal surface antigens including antibodies 
against NMDA receptors, LGI1, CASPR2, and IgLON5. These 
disorders may commonly manifest without an underlying 
neoplasm (158).

Parkinsonism associated with Ma2 antibodies typically affects young 
men with testicular germ-cell cancer (154). Because of the characteristic 
vertical gaze palsy, they may phenotypically resemble PSP (154, 159). 
Additional movement disorders include masticatory dyskinesias, such 
as forceful jaw opening and closing, resulting in lip and tongue injuries. 
Due to involvement of limbic regions, diencephalon and upper 
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brainstem, additional distinctive features may include memory 
impairment and signs of hypothalamic–pituitary dysfunction: weight 
gain, excessive daytime sleepiness, narcolepsy and cataplexy (160). In 
patients older than 50 years and in women, the underlying tumor is 
non-small-cell lung carcinoma, breast cancer, colon cancer, or 
lymphoma. Recognition of anti-Ma2 encephalitis is important, because 
one third of patients partially respond to tumor treatment and 
immunotherapy. The typical MRI patterns of Ma2-antibody encephalitis 
are FLAIR/T2 hyperintense signals in the medial temporal lobes, 
hypothalamus, thalamus, basal ganglia and upper brainstem, often with 
contrast enhancement (Figure 2B) (154). A rare but distinct phenotype 
has been described in young male patients with testicular tumor, 
consisting of extreme bradykinesia, severe rigidity, ocular motor and lid 
apraxia and reduced verbal output. In these cases, MRI always shows 
lesions affecting the SN, pallidum or both (154).

Parkinsonism associated with anti-Ri antibodies affects female 
patients with breast cancer (152). It may be an early manifestation, but 
can also develop later in the course of the disease. It is associated with 
supranuclear gaze palsy and/or cerebellar ataxia. The clinical course if 
often slower than in other paraneoplastic syndromes, mimicking 
neurodegenerative conditions such as PSP or mulitple system atrophy. 
MRI is often normal, but brainstem T2/FLAIR hyperintensive 
changes, including the SN, palllidum, caudate and putamen have 
been described.

Paraneoplastic parkinsonism associated with CRMP5 antibodies 
may also mimic PSP due to co-existing gaze palsy. Bilateral T2 
hyperintensity of the BG is characteristic (155).

SP may appear in cases of autoimmune encephalitis associated with 
antibodies against neural surface antigens. Anti-NMDAR encephalitis 
is the most common autoantibody mediated encephalitis. It has 
prominent cognitive and psychiatric manifestations. Parkinsonism is 
also a possible manifestation of anti-NMDAR encephalitis, most 
commonly observed in children (158, 161). Interestingly, a case of 
worsening of parkinsonism in a patient with pre-existing PD due to 
anti-NMDAR encephalitis has also been described (162). Combined 
with other signs of encephalopathy and/or characteristic faciobrachial 
dystonic seizures, parkinsonism may also appear in anti-LGI1 
encephalitis (158, 163). Parkinsonism has been observed in cases of 
anti-CASPR2 encephalitis, along with its more typical clinical features 
that include ataxia, seizures, neuromyotonia, autonomic dysregulation, 
mood changes and hyponatremia (164). In causes of autoimmune 
encephalitis, MRI findings are variable. Signal abnormalities are most 
commonly observed in the medial temporal lobes or the basal ganglia, 
but normal MRI is common and therefore does not rule out the 
diagnosis (165, 166). As these disorders are curable, early diagnosis and 
immunotherapy are crucial.

Anti-IgLON5 disease typically has a more insidious course, but 
may also progress subacutely. Parkinsonism is commonly associated 
with supranuclear gaze palsy (mimicking progressive supranuclear 
palsy) and gait instability. Other movement disorders, additional 
oculomotor abnormalities, bulbar symptoms, sleep and breathing 
disorder are also part of the clinical picture (158, 167). MRI is usually 
unremarkable. However, cases with atrophy of the hippocampus, 
brainstem and cerebellum have been described, as well as examples of 
restricted diffusion, hyperintense T2/FLAIR signal, hypointense T1 
signal and/or gadolinium contrast enhancement in the brainstem, 
cerebellum and the cerebral hemispheres. It is likely that these 
different findings relate to the speed of clinical progression (168).

3.8.2 Systemic autoimmune diseases
Parkinsonism is a rare manifestation of systemic autoimmune 

disorders. It has been reported in approximately 40 cases of systemic lupus 
erythematosus (SLE), a majority were young women with an already 
established diagnosis of SLE (169). Only rarely was subacute parkinsonism 
the first manifestation of SLE (170–172). MRI findings were non-specific 
and included WM changes, ventricular dilatation, cortical atrophy and 
infarcts, and were more pronounced in patients with co-existing 
antiphospholipid-antibodies (up to 75%) (169). Dopaminergic therapy 
was ineffective, but patients responded to corticosteroids and other 
immunosuppressive agents. There have been only 9 reported cases of 
parkinsonism in antiphospholipid syndrome (169), predominantly males 
in their fifties. The mechanism was thrombo-occlusive vasculopathy, 
leading to irreversible neuronal loss evident on MRI as infarctions within 
the BG. Dopaminergic therapy was ineffective. Parkinsonism is rarely 
reported in Sjogren’s syndrome, predominantly in women with mean age 
of onset of 60 years. It is thought to be caused by an underlying vasculitis. 
MRI shows T2/FLAIR hyperintensities in the WM, in the striatum or in 
the pallidum. Dopaminergic therapy is ineffective, but both parkinsonism 
and MRI changes respond to corticosteroids (169, 173).

3.8.3 Multiple sclerosis
There has been a number of reported cases of parkinsonism in 

patients with multiple sclerosis. Often, a chance rather than causal 
association was the more likely explanation, because neither a 
correlation with MRI lesions in expected locations nor a response of 
parkinsonism to corticosteroids could be established. Moreover, there 
are reports where a clear genetic cause of PD was demonstrated in 
patients with parkinsonism and co-existing multiple sclerosis, further 
confirming co-occurrence by chance (174, 175). Nevertheless, there 
are cases where central demyelinating lesions in the bilateral thalamus 
and pallidum or SN could be  closely linked to symptoms of 
parkinsonism, with clear response to corticosteroids (176).

3.9 Miscellaneous causes

There have been few reports of parkinsonism after wasp sting, 
associated with bilateral striatal and pallidal necrosis (177, 178). An 
immune-mediated mechanism was suggested. Parkinsonism was 
rarely associated with ethylene glycol toxicity, with MRI showing 
haemorrhagic necrosis of the thalamus and lentiform nuclei (179). 
While non-ketotic hyperglycemia is classically associated with acute 
hemichorea/hemibalismus, parkinsonism may occasionally emerge 
after remission of chorea, with MRI showing regression of T1 
hyperintensities (characteristic for the acute stage with chorea), with 
persisting striatal atrophy and T2 hyperintensities in the parkinsonian 
phase (180). There is a single case report of reversible parkinsonism 
after a hypoglycaemic episode, with bilateral BG T2/FLAIR lesions 
presumably caused by vasogenic oedema (181).

4 Discussion

4.1 Relevance of secondary parkinsonism 
for clinical practice

Although rare compared to PD, SP should always be considered 
in the differential diagnosis, since it has a different prognosis. The 
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localization and imaging characteristics of the lesions may lead to 
identification of the specific cause, which allows for 
specific treatment.

4.2 Relevance of secondary parkinsonism 
for understanding Parkinson’s disease

Secondary causes of parkinsonism have contributed to the 
knowledge on the pathophysiology and treatment of PD. Based on the 
pathological finding of a tuberculoma destroying the SN in a patient 
with contralateral parkinsonism, Edouard Brissaud put forward the 
hypothesis that the SN is the major site of pathology in PD. (182) Later 
recognition that lesions outside the nigrostriatal circuits may cause 
parkinsonism led to the understanding of parkinsonism as a network 
disorder (183). The identification of MPTP toxin, and further 
development of the primate model of PD, had a significant impact on 
the understanding of PD pathophysiology and led to the identification 
of the subthalamic nucleus as a target for deep brain stimulation (120). 
The selective vulnerability of the BG to mitochondrial toxins such as 
cyanide or carbon monoxide stands as a proof of the high dependence 
of BG neurons on energy production and their susceptibility to 
excitotoxic and oxidative stress, which resonates with mechanisms of 
selective vulnerability of the BG in the neurodegenerative forms of 
movement disorders.

4.3 Anatomical considerations, network 
impact of the lesions and relevance for 
clinical neuroscience

SP has been associated with lesions at different brain locations, 
most closely to the lesions in the mesencephalon, which cause 
nigrostriatal dopaminergic deficit, resulting in parkinsonism that 
closely resembles idiopathic PD (9, 184). Lesions of the BG may also 
produce parkinsonism, although other movement disorders are more 
common, particularly dystonia (185). Parkinsonism has most 
commonly been observed in bilateral lentiform lesions, but only in a 
minority of cases with such lesions, underscoring the importance of 
individual factors in the vulnerability of BG circuits. Specific imaging 
abnormalities in patients with SP due to metabolic or toxic causes 
indicate a central role of pallidum, but again only a proportion of 
patients with pallidal lesions develop parkinsonism (102, 186). Finally, 
in contrast to what could be expected based on the established view 
of the functional organization of the BG, vascular damage to the 
thalamus has not been linked to post-stroke parkinsonism (187–189). 
Interestingly, thalamic strokes have been associated with 
disappearance of PD resting tremor (190). Hence, correlations 
between the site of the lesion and the emergence of signs of 
parkinsonism are equivocal.

Modern analytical methods better account for the varied 
clinical presentations of patients with BG lesions by taking into 
account similar symptoms arising from lesions in different locations 
and remote functional alterations in connected but intact brain 
regions (191, 192). In a study of imaging and clinical data of 29 
patients with parkinsonism and localized brain damage due to 
various causes and in different areas, a common network of brain 
regions associated with parkinsonism was identified. Over 90% of 

lesion locations were connected to the midbrain, BG, the anterior 
cingulate cortex and the cerebellum. However, connectivity to the 
claustrum was most sensitive and specific for lesion-induced 
parkinsonism, suggesting the claustrum as a potential novel 
therapeutic target (183). Using an analogous approach, lesions in 
areas functionally connected to the dorsal medial cerebellum were 
associated with freezing of gait (193).

5 Conclusion

SP associated with structural brain changes is an important 
clinical entity that has also helped to understand parkinsonism as a 
network disorder. Compared to other movement disorders associated 
with brain lesions, parkinsonism is infrequent, suggesting the strong 
resilience of the parkinsonian network that may be  due to a 
pre-existing reserve in dopaminergic function and/or due to strong 
adaptive capacity of the BG-thalamo-cortical and the cerebello-
thalamo-cortical networks. Recognition that, in the setting of a 
specific cause, only a proportion of cases with identifiable BG lesions 
develop parkinsonism (or other movement disorders) also stresses the 
importance of individual vulnerability in health and disease. Finally, 
toxic causes of SP inform us on the selective susceptibility of the BG 
to the energy failure from mitochondrial dysfunction, the 
pathophysiological mechanism also applicable to much more common 
forms of neurodegenerative parkinsonism.

Author contributions

RB: Conceptualization, Writing – original draft, Writing – review 
& editing. AP: Writing – review & editing. MK: Conceptualization, 
Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. RB and MK 
received funding from the Slovenian Research and Innovation Agency 
in support of this work as members of the research program Medical 
Physics (P1-0389).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

https://doi.org/10.3389/fneur.2024.1438885
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Berlot et al. 10.3389/fneur.2024.1438885

Frontiers in Neurology 12 frontiersin.org

References
 1. Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, Oertel W, et al. MDS clinical 

diagnostic criteria for Parkinson's disease. Mov Disord. (2015) 30:1591–601. doi: 
10.1002/mds.26424

 2. Höllerhage M. Secondary parkinsonism due to drugs, vascular lesions, tumors, 
trauma, and other insults. Int Rev Neurobiol. (2019) 149:377–418. doi: 10.1016/bs.
irn.2019.10.010

 3. Xing F, Marsili L, Truong DD. Parkinsonism in viral, paraneoplastic, and 
autoimmune diseases. J Neurol Sci. (2022) 433:120014. doi: 10.1016/j.jns.2021.120014

 4. Alarcon F, Zijlmans JC, Duenas G, Cevallos N. Post-stroke movement disorders: 
report of 56 patients. J Neurol Neurosurg Psychiatry. (2004) 75:1568–74. doi: 10.1136/
jnnp.2003.011874

 5. Zijlmans JC, Daniel SE, Hughes AJ, Revesz T, Lees AJ. Clinicopathological 
investigation of vascular parkinsonism, including clinical criteria for diagnosis. Mov 
Disord. (2004) 19:630–40. doi: 10.1002/mds.20083

 6. Ghoneim A, Pollard C, Tyagi A, Jampana R. Substantia nigra micro-haemorrhage 
causing ipsilateral unilateral parkinsonism and abnormal dopamine transporter scan 
uptake. BJR Case Rep. (2021) 7:20200118. doi: 10.1259/bjrcr.20200118

 7. Robles LA. Pure Hemiparkinsonism secondary to contralateral lacunar stroke in 
the substantia Nigra. J Stroke Cerebrovasc Dis. (2016) 25:e20–1. doi: 10.1016/j.
jstrokecerebrovasdis.2015.10.027

 8. Martin A, Tryambake D. An artery of Percheron infarct with an unusual 
neurological presentation. Intern Med J. (2018) 48:1407–8. doi: 10.1111/imj.14088

 9. Boecker H, Weindl A, Leenders K, Antonini A, Kuwert T, Kruggel F, et al. 
Secondary parkinsonism due to focal substantia nigra lesions: a PET study with [18F]
FDG and [18F]fluorodopa. Acta Neurol Scand. (1996) 93:387–92. doi: 
10.1111/j.1600-0404.1996.tb00015.x

 10. de la Fuente FR, Lopez J, Rey del Corral P, de la Iglesia MF. Peduncular hallucinosis 
and right hemiparkinsonism caused by left mesencephalic infarction. J Neurol Neurosurg 
Psychiatry. (1994) 57:870. doi: 10.1136/jnnp.57.7.870

 11. Orimo S, Amino T, Tanaka H, Mitani K, Ishiwata K, Ishii K. A case of 
hemiparkinsonism following ischemic lesion of the contralateral substantia nigra: a PET 
study. Eur Neurol. (2004) 51:175–7. doi: 10.1159/000077666

 12. Ohta K, Obara K. Hemiparkinsonism with a discrete lacunar infarction in the 
contralateral substantia nigra. Mov Disord. (2006) 21:124–5. doi: 10.1002/mds.20747

 13. Rus T, Cuderman A, Georgiev D. Parkinsonism associated with traumatic 
hemorrhage in substantia Nigra: role of presynaptic dopaminergic imaging. Neurology. 
(2024) 102:e209384. doi: 10.1212/WNL.0000000000209384

 14. Hunter R, Smith J, Thomson T, Dayan AD. Hemiparkinsonism with infarction of 
the ipsilateral substantia nigra. Neuropathol Appl Neurobiol. (1978) 4:297–301. doi: 
10.1111/j.1365-2990.1978.tb00548.x

 15. Aguirregomozcorta M, Stamelou M, Antonini A, Schwingenschuh P, Prvulovich 
L, Edwards MJ, et al. Patients with rest-tremor and scans with ipsilateral dopaminergic 
deficit. J Neurol. (2013) 260:1132–5. doi: 10.1007/s00415-012-6774-1

 16. Kaasinen V. Ipsilateral deficits of dopaminergic neurotransmission in Parkinson's 
disease. Ann Clin Transl Neurol. (2016) 3:21–6. doi: 10.1002/acn3.268

 17. Erro R, Barone P, Vicidomini C, Picillo M, Pappata S. Patients with Parkinson's 
disease and scans with (predominant) ipsilateral dopaminergic deficit. J Neurol. (2013) 
260:2405–6. doi: 10.1007/s00415-013-7030-z

 18. Vaamonde J, Flores JM, Gallardo MJ, Ibanez R. Subacute hemicorporal 
parkinsonism in 5 patients with infarcts of the basal ganglia. J Neural Transm. (2007) 
114:1463–7. doi: 10.1007/s00702-007-0774-9

 19. Yu KJ, Lee BJ, Han J, Park D. Usefulness of F-18 FP-CIT PET to predict dopamine-
responsive hand tremor in patients other than Parkinson's disease: two case reports. 
Medicine. (2018) 97:e10983. doi: 10.1097/MD.0000000000010983

 20. Fenelon G, Houeto JL. Unilateral parkinsonism following a large infarct in the 
territory of the lenticulostriate arteries. Mov Disord. (1997) 12:1086–90. doi: 10.1002/
mds.870120642

 21. Peralta C, Werner P, Holl B, Kiechl S, Willeit J, Seppi K, et al. Parkinsonism 
following striatal infarcts: incidence in a prospective stroke unit cohort. J Neural Transm. 
(2004) 111:1473–83. doi: 10.1007/s00702-004-0192-1

 22. Hatano T, Kubo S, Niijima-Ishii Y, Hattori N, Sugita Y. Levodopa-responsive 
parkinsonism following bilateral putaminal hemorrhages. Parkinsonism Relat Disord. 
(2013) 19:477–9. doi: 10.1016/j.parkreldis.2012.10.021

 23. Zijlmans JC, Katzenschlager R, Daniel SE, Lees AJ. The L-dopa response in 
vascular parkinsonism. J Neurol Neurosurg Psychiatry. (2004) 75:545–7. doi: 10.1136/
jnnp.2003.018309

 24. Shin C, Kwon YN, Lee D, Hong IK, Kim HG, Lee KM, et al. Anterior cingulate 
cortex as an element of a possible novel motor circuit of the basal ganglia. Parkinsonism 
Relat Disord. (2018) 46:90–1. doi: 10.1016/j.parkreldis.2017.10.018

 25. Kobayashi S, Maki T, Kunimoto M. Clinical symptoms of bilateral anterior cerebral 
artery territory infarction. J Clin Neurosci. (2011) 18:218–22. doi: 10.1016/j.
jocn.2010.05.013

 26. Winikates J, Jankovic J. Clinical correlates of vascular parkinsonism. Arch Neurol. 
(1999) 56:98–102. doi: 10.1001/archneur.56.1.98

 27. Rektor I, Bohnen NI, Korczyn AD, Gryb V, Kumar H, Kramberger MG, et al. An 
updated diagnostic approach to subtype definition of vascular parkinsonism  - 
recommendations from an expert working group. Parkinsonism Relat Disord. (2018) 
49:9–16. doi: 10.1016/j.parkreldis.2017.12.030

 28. Vizcarra JA, Lang AE, Sethi KD, Espay AJ. Vascular parkinsonism: deconstructing 
a syndrome. Mov Disord. (2015) 30:886–94. doi: 10.1002/mds.26263

 29. Fenelon G, Gray F, Wallays C, Poirier J, Guillard A. Parkinsonism and dilatation 
of the perivascular spaces (etat crible) of the striatum: a clinical, magnetic resonance 
imaging, and pathological study. Mov Disord. (1995) 10:754–60. doi: 10.1002/
mds.870100609

 30. Duker AP, Espay AJ. Parkinsonism associated with striatal perivascular space 
dilation. Neurology. (2007) 68:1540. doi: 10.1212/01.wnl.0000261483.49248.b8

 31. Burnett MS, Witte RJ, Ahlskog JE. Swiss cheese striatum: clinical implications. 
JAMA Neurol. (2014) 71:735–41. doi: 10.1001/jamaneurol.2014.286

 32. Matsuda S, Waragai M, Shinotoh H, Takahashi N, Takagi K, Hattori T. Intracranial 
dural arteriovenous fistula (DAVF) presenting progressive dementia and parkinsonism. 
J Neurol Sci. (1999) 165:43–7. doi: 10.1016/S0022-510X(99)00075-1

 33. Chang CW, Hung HC, Tsai JI, Lee PC, Hung SC. Dural arteriovenous fistula with 
sinus thrombosis and venous reflux presenting as parkinsonism: a case report. 
Neurologist. (2019) 24:132–5. doi: 10.1097/NRL.0000000000000235

 34. Pu J, Si X, Ye R, Zhang B. Straight sinus dural arteriovenous fistula presenting with 
reversible parkinsonism: a case report and literature review. Medicine. (2017) 96:e9005. 
doi: 10.1097/MD.0000000000009005

 35. Lee PH, Lee JS, Shin DH, Kim BM, Huh K. Parkinsonism as an initial manifestation 
of dural arteriovenous fistula. Eur J Neurol. (2005) 12:403–6. doi: 
10.1111/j.1468-1331.2004.00955.x

 36. Kim HR, Lee JY, Kim YK, Park H, Kim HJ, Son YJ, et al. Dural arteriovenous 
fistula-associated reversible parkinsonism with presynaptic dopaminergic loss. J Mov 
Disord. (2015) 8:141–3. doi: 10.14802/jmd.15021

 37. Fearon C, Rawal S, Olszewska D, Alcaide-Leon P, Kern DS, Sharma S, et al. 
Neuroimaging pearls from the MDS congress video challenge. Part 2: acquired disorders. 
Mov Disord Clin Pract. (2022) 9:311–25. doi: 10.1002/mdc3.13415

 38. Dolendo MC, Lin TP, Tat OH, Chong QT, Timothy LK. Parkinsonism as an 
unusual presenting symptom of pineal gland teratoma. Pediatr Neurol. (2003) 28:310–2. 
doi: 10.1016/S0887-8994(02)00620-3

 39. Cantini R, Ferrito G, Lutzemberger L, Marcacci G. Parkinsonian syndrome in the 
course of aqueductal stenosis hydrocephalus. Ital J Neurol Sci. (1988) 9:603–6. doi: 
10.1007/BF02337016

 40. Jankovic J, Newmark M, Peter P. Parkinsonism and acquired hydrocephalus. Mov 
Disord. (1986) 1:59–64. doi: 10.1002/mds.870010108

 41. Zeidler M, Dorman PJ, Ferguson IT, Bateman DE. Parkinsonism associated with 
obstructive hydrocephalus due to idiopathic aqueductal stenosis. J Neurol Neurosurg 
Psychiatry. (1998) 64:657–9. doi: 10.1136/jnnp.64.5.657

 42. Chang MC, Chun MH. Secondary parkinsonism induced by hydrocephalus after 
subarachnoid and intraventricular hemorrhage. Neural Regen Res. (2016) 11:1359–60. 
doi: 10.4103/1673-5374.189203

 43. Da Costa AC, Pinheiro Junior N, Godeiro Junior C, Fernandes ACA, de Queiroz 
CT, de Moura ACM, et al. Parkinsonism secondary to ventriculoperitoneal shunt in a 
patient with hydrocephalus. Surg Neurol Int. (2021) 12:432. doi: 10.25259/
SNI_629_2021

 44. Takeuchi H, Masaki K, Ogata H, Nagata S, Shimogawa T, Yamasaki R, et al. 
Teaching video NeuroImage: reversible parkinsonism caused by Lumboperitoneal shunt 
Overdrainage. Neurology. (2022) 99:486–8. doi: 10.1212/WNL.0000000000200994

 45. Kim MJ, Chung SJ, Sung YH, Lee MC, Im JH. Levodopa-responsive parkinsonism 
associated with hydrocephalus. Mov Disord. (2006) 21:1279–81. doi: 10.1002/mds.20901

 46. Youn J, Todisco M, Zappia M, Pacchetti C, Fasano A. Parkinsonism and 
cerebrospinal fluid disorders. J Neurol Sci. (2021) 433:120019. doi: 10.1016/j.
jns.2021.120019

 47. Adams RD, Fisher CM, Hakim S, Ojemann RG, Sweet WH. Symptomatic occult 
hydrocephalus with “normal” cerebrospinal-fluid pressure. A treatable syndrome. N Engl 
J Med. (1965) 273:117–26. doi: 10.1056/NEJM196507152730301

 48. Espay AJ, Da Prat GA, Dwivedi AK, Rodriguez-Porcel F, Vaughan JE, Rosso M, 
et al. Deconstructing normal pressure hydrocephalus: Ventriculomegaly as early sign of 
neurodegeneration. Ann Neurol. (2017) 82:503–13. doi: 10.1002/ana.25046

 49. Pyrgelis ES, Velonakis G, Papageorgiou SG, Stefanis L, Kapaki E, Constantinides 
VC. Imaging markers for Normal pressure hydrocephalus: an overview. Biomedicines. 
(2023) 11:1265. doi: 10.3390/biomedicines11051265

 50. Hurley RA, Bradley WG Jr, Latifi HT, Taber KH. Normal pressure hydrocephalus: 
significance of MRI in a potentially treatable dementia. J Neuropsychiatry Clin Neurosci. 
(1999) 11:297–300. doi: 10.1176/jnp.11.3.297

https://doi.org/10.3389/fneur.2024.1438885
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1002/mds.26424
https://doi.org/10.1016/bs.irn.2019.10.010
https://doi.org/10.1016/bs.irn.2019.10.010
https://doi.org/10.1016/j.jns.2021.120014
https://doi.org/10.1136/jnnp.2003.011874
https://doi.org/10.1136/jnnp.2003.011874
https://doi.org/10.1002/mds.20083
https://doi.org/10.1259/bjrcr.20200118
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.10.027
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.10.027
https://doi.org/10.1111/imj.14088
https://doi.org/10.1111/j.1600-0404.1996.tb00015.x
https://doi.org/10.1136/jnnp.57.7.870
https://doi.org/10.1159/000077666
https://doi.org/10.1002/mds.20747
https://doi.org/10.1212/WNL.0000000000209384
https://doi.org/10.1111/j.1365-2990.1978.tb00548.x
https://doi.org/10.1007/s00415-012-6774-1
https://doi.org/10.1002/acn3.268
https://doi.org/10.1007/s00415-013-7030-z
https://doi.org/10.1007/s00702-007-0774-9
https://doi.org/10.1097/MD.0000000000010983
https://doi.org/10.1002/mds.870120642
https://doi.org/10.1002/mds.870120642
https://doi.org/10.1007/s00702-004-0192-1
https://doi.org/10.1016/j.parkreldis.2012.10.021
https://doi.org/10.1136/jnnp.2003.018309
https://doi.org/10.1136/jnnp.2003.018309
https://doi.org/10.1016/j.parkreldis.2017.10.018
https://doi.org/10.1016/j.jocn.2010.05.013
https://doi.org/10.1016/j.jocn.2010.05.013
https://doi.org/10.1001/archneur.56.1.98
https://doi.org/10.1016/j.parkreldis.2017.12.030
https://doi.org/10.1002/mds.26263
https://doi.org/10.1002/mds.870100609
https://doi.org/10.1002/mds.870100609
https://doi.org/10.1212/01.wnl.0000261483.49248.b8
https://doi.org/10.1001/jamaneurol.2014.286
https://doi.org/10.1016/S0022-510X(99)00075-1
https://doi.org/10.1097/NRL.0000000000000235
https://doi.org/10.1097/MD.0000000000009005
https://doi.org/10.1111/j.1468-1331.2004.00955.x
https://doi.org/10.14802/jmd.15021
https://doi.org/10.1002/mdc3.13415
https://doi.org/10.1016/S0887-8994(02)00620-3
https://doi.org/10.1007/BF02337016
https://doi.org/10.1002/mds.870010108
https://doi.org/10.1136/jnnp.64.5.657
https://doi.org/10.4103/1673-5374.189203
https://doi.org/10.25259/SNI_629_2021
https://doi.org/10.25259/SNI_629_2021
https://doi.org/10.1212/WNL.0000000000200994
https://doi.org/10.1002/mds.20901
https://doi.org/10.1016/j.jns.2021.120019
https://doi.org/10.1016/j.jns.2021.120019
https://doi.org/10.1056/NEJM196507152730301
https://doi.org/10.1002/ana.25046
https://doi.org/10.3390/biomedicines11051265
https://doi.org/10.1176/jnp.11.3.297


Berlot et al. 10.3389/fneur.2024.1438885

Frontiers in Neurology 13 frontiersin.org

 51. Bradley WG. Normal pressure hydrocephalus: new concepts on etiology and 
diagnosis. AJNR Am J Neuroradiol. (2000) 21:1586–90.

 52. Damasceno BP. Neuroimaging in normal pressure hydrocephalus. Dement 
Neuropsychol. (2015) 9:350–5. doi: 10.1590/1980-57642015DN94000350

 53. Mostile G, Fasano A, Zappia M. Parkinsonism in idiopathic normal pressure 
hydrocephalus: is it time for defining a clinical tetrad? Neurol Sci. (2022) 43:5201–5. doi: 
10.1007/s10072-022-06119-3

 54. Nicholson AN, Turner EA. Parkinsonism produced by parasagittal Meningiomas. 
J Neurosurg. (1964) 21:104–13. doi: 10.3171/jns.1964.21.2.0104

 55. Polyzoidis KS, McQueen JD, Rajput AH, MacFadyen DJ. Parkinsonism as a manifestation 
of brain tumor. Surg Neurol. (1985) 23:59–63. doi: 10.1016/0090-3019(85)90161-2

 56. Kulali A, Tugtekin M, Utkur Y, Erkurt S. Ipsilateral hemi-parkinsonism secondary 
to an astrocytoma. J Neurol Neurosurg Psychiatry. (1991) 54:653. doi: 10.1136/
jnnp.54.7.653

 57. Oliver L. Parkinsonism due to midbrain compression. Lancet. (1959) 2:817–9. doi: 
10.1016/S0140-6736(59)90754-8

 58. Al-Janabi WSA, Zaman I, Memon AB. Secondary parkinsonism due to a large 
anterior cranial Fossa meningioma. Eur J Case Rep Int Med. (2019) 6:001055. doi: 
10.12890/2019_001055

 59. Hortelano E, Perea C, Una E, Cebayos A, Diezhandino P, Gonzalez M. 
Parkinsonism secondary to metastatic lesions within the central nervous system: a case 
report. J Med Case Rep. (2010) 4:218. doi: 10.1186/1752-1947-4-218

 60. Choi MS, Choi B, Cho SJ, Kim JY, Kwon KH, Kang SY. Cortical tumor presenting 
with parkinsonism. Iran J Neurol. (2015) 14:219–21.

 61. Kareemi H, Pratte M, English S, Hendin A. Initial diagnosis and Management of 
Acutely Elevated Intracranial Pressure. J Intensive Care Med. (2023) 38:643–50. doi: 
10.1177/08850666231156589

 62. Krauss JK, Paduch T, Mundinger F, Seeger W. Parkinsonism and rest tremor 
secondary to supratentorial tumours sparing the basal ganglia. Acta Neurochir. (1995) 
133:22–9. doi: 10.1007/BF01404943

 63. Choi KH, Choi SM, Nam TS, Lee MC. Astrocytoma in the third ventricle and 
hypothalamus presenting with parkinsonism. J Korean Neurosurg Soc. (2012) 51:144–6. 
doi: 10.3340/jkns.2012.51.3.144

 64. Yoshimura M, Yamamoto T, Iso-o N, Imafuku I, Momose T, Shirouzu I, et al. 
Hemiparkinsonism associated with a mesencephalic tumor. J Neurol Sci. (2002) 
197:89–92. doi: 10.1016/S0022-510X(02)00042-4

 65. Cole SM, Sarangi S, Einstein D, McMasters M, Alterman R, Bruce J, et al. 
Parkinsonism reversed from treatment of pineal non-germinomatous germ cell tumor. 
Surg Neurol Int. (2021) 12:237. doi: 10.25259/SNI_595_2020

 66. Voermans NC, Bloem BR, Janssens G, Vogel WV, Sie LT. Secondary parkinsonism 
in childhood: a rare complication after radiotherapy. Pediatr Neurol. (2006) 34:495–8. 
doi: 10.1016/j.pediatrneurol.2005.10.021

 67. Skiming JA, McDowell HP, Wright N, May P. Secondary parkinsonism: an unusual 
late complication of craniospinal radiotherapy given to a 16-month child. Med Pediatr 
Oncol. (2003) 40:132–4. doi: 10.1002/mpo.10111

 68. Mehanna R, Jimenez-Shahed J, Itin I. Three cases of levodopa-resistant 
parkinsonism after radiation therapy. Am J Case Rep. (2016) 17:916–20. doi: 10.12659/
AJCR.900537

 69. Wang AB, Housley SN, Flores AM, Kircher SM, Perreault EJ, Cope TC. A review 
of movement disorders in chemotherapy-induced neurotoxicity. J Neuroeng Rehabil. 
(2021) 18:16. doi: 10.1186/s12984-021-00818-2

 70. Kulkantrakorn K, Selhorst JB, Petruska PJ. Cytosine arabinoside and amphotericin 
B-induced parkinsonism. Ann Neurol. (1996) 39:413–4. doi: 10.1002/ana.410390326

 71. Suman S, Meenakshisundaram S, Woodhouse P. Bilateral chronic subdural 
haematoma: a reversible cause of parkinsonism. J R Soc Med. (2006) 99:91–2. doi: 
10.1177/014107680609900223

 72. Sunada I, Inoue T, Tamura K, Akano Y, Fu Y. Parkinsonism due to chronic 
subdural hematoma. Neurol Med Chir. (1996) 36:99–101. doi: 10.2176/nmc.36.99

 73. Fahmi A, Kustono H, Adhistira KS, Subianto H, Utomo B, Turchan A. Chronic 
subdural hematoma-induced parkinsonism: a systematic review. Clin Neurol Neurosurg. 
(2021) 208:106826. doi: 10.1016/j.clineuro.2021.106826

 74. Wiest RG, Burgunder JM, Krauss JK. Chronic subdural haematomas and parkinsonian 
syndromes. Acta Neurochir. (1999) 141:753–8. doi: 10.1007/s007010050371

 75. Sugie M, Ishihara K, Horibe Y, Kawamura M. Parkinsonism secondary to chronic 
subdural hematoma. A case report. Brain Nerve. (2006) 58:873–8.

 76. Shin HW, Park HK. Recent updates on acquired Hepatocerebral degeneration. 
Tremor Other Hyperkinet Mov. (2017) 7:463. doi: 10.5334/tohm.379

 77. Aggarwal A, Vaidya S, Shah S, Singh J, Desai S, Bhatt M. Reversible parkinsonism 
and T1W pallidal hyperintensities in acute liver failure. Mov Disord. (2006) 21:1986–90. 
doi: 10.1002/mds.21096

 78. Apetauerova D, Hildebrand P, Scala S, Zani JW, Lipert LA, Clark E, et al. A 
prospective study of the prevalence of parkinsonism in patients with liver cirrhosis. 
Hepatol Commun. (2021) 5:323–33. doi: 10.1002/hep4.1624

 79. Fabiani G, Teive HA, Munhoz RP. Lentiform fork sign and fluctuating, reversible 
parkinsonism in a patient with uremic encephalopathy. Mov Disord. (2013) 28:1053. doi: 
10.1002/mds.25503

 80. Fenelon G, Gray F, Paillard F, Thibierge M, Mahieux F, Guillani A. A prospective 
study of patients with CT detected pallidal calcifications. J Neurol Neurosurg Psychiatry. 
(1993) 56:622–5. doi: 10.1136/jnnp.56.6.622

 81. Simoni M, Pantoni L, Pracucci G, Palmertz B, Guo X, Gustafson D, et al. 
Prevalence of CT-detected cerebral abnormalities in an elderly Swedish population 
sample. Acta Neurol Scand. (2008) 118:260–7. doi: 10.1111/j.1600-0404.2008.01010.x

 82. Ramos EM, Oliveira J, Sobrido MJ, Coppola G. Primary familial brain calcification 
In: MP Adam, J Feldman, GM Mirzaa, RA Pagon and SE Wallace, editors. 
GeneReviews(®). Seattle, WA: University of Washington (1993)

 83. Carecchio M, Mainardi M, Bonato G. The clinical and genetic spectrum of primary 
familial brain calcification. J Neurol. (2023) 270:3270–7. doi: 10.1007/
s00415-023-11650-0

 84. Kalampokini S, Georgouli D, Dadouli K, Ntellas P, Ralli S, Valotassiou V, et al. 
Fahr's syndrome due to hypoparathyroidism revisited: a case of parkinsonism and a 
review of all published cases. Clin Neurol Neurosurg. (2021) 202:106514. doi: 10.1016/j.
clineuro.2021.106514

 85. Singh TD, Fugate JE, Rabinstein AA. Central pontine and extrapontine 
myelinolysis: a systematic review. Eur J Neurol. (2014) 21:1443–50. doi: 10.1111/
ene.12571

 86. Shamim A, Siddiqui BK, Josephs KA. The corticobasal syndrome triggered by 
central pontine myelinolysis. Eur J Neurol. (2006) 13:82–4. doi: 
10.1111/j.1468-1331.2006.01221.x

 87. Sindhu DM, Holla VV, Prasad S, Kamble N, Netravathi M, Yadav R, et al. The 
Spectrum of movement disorders in cases with osmotic demyelination syndrome. Move 
Disord Clin Pract. (2021) 8:875–84. doi: 10.1002/mdc3.13250

 88. Kim JS, Lee KS, Han SR, Chung YA. Decreased striatal dopamine transporter 
binding in a patient with extrapontine myelinolysis. Mov Disord. (2003) 18:342–5. doi: 
10.1002/mds.10331

 89. Seiser A, Schwarz S, Aichinger-Steiner MM, Funk G, Schnider P, Brainin M. 
Parkinsonism and dystonia in central pontine and extrapontine myelinolysis. J Neurol 
Neurosurg Psychiatry. (1998) 65:119–21. doi: 10.1136/jnnp.65.1.119

 90. Tinker R, Anderson MG, Anand P, Kermode A, Harding AE. Pontine myelinolysis 
presenting with acute parkinsonism as a sequel of corrected hyponatraemia. J Neurol 
Neurosurg Psychiatry. (1990) 53:87–8. doi: 10.1136/jnnp.53.1.87-a

 91. Sadeh M, Goldhammer Y. Extrapyramidal syndrome responsive to dopaminergic 
treatment following recovery from central pontine myelinolysis. Eur Neurol. (1993) 
33:48–50. doi: 10.1159/000116900

 92. Shin HW, Song D, Sohn YH. Normal diffusion-weighted MR imaging predicts a 
good prognosis in extrapontine myelinolysis-induced parkinsonism. Mov Disord. (2009) 
24:1701–3. doi: 10.1002/mds.22644

 93. de Souza A, Desai PK. More often striatal myelinolysis than pontine? A consecutive 
series of patients with osmotic demyelination syndrome. Neurol Res. (2012) 34:262–71. 
doi: 10.1179/1743132812Y.0000000009

 94. Floris G, Di Stefano F, Melis R, Cherchi MV, Marrosu F. Isolated bipallidal lesions 
caused by extrapontine myelinolysis. Neurology. (2013) 81:1722–3. doi: 10.1212/01.
wnl.0000435297.80023.9e

 95. Busl KM, Greer DM. Hypoxic-ischemic brain injury: pathophysiology, 
neuropathology and mechanisms. NeuroRehabilitation. (2010) 26:5–13. doi: 10.3233/
NRE-2010-0531

 96. Li JY, Lai PH, Chen CY, Wang JS, Lo YK. Postanoxic parkinsonism: clinical, 
radiologic, and pathologic correlation. Neurology. (2000) 55:591–3. doi: 10.1212/
WNL.55.4.591

 97. Bhatt MH, Obeso JA, Marsden CD. Time course of postanoxic akinetic-rigid and 
dystonic syndromes. Neurology. (1993) 43:314–7. doi: 10.1212/WNL.43.2.314

 98. Hassanian-Moghaddam H, Zamani N, Kolahi AA, McDonald R, Hovda KE. 
Double trouble: methanol outbreak in the wake of the COVID-19 pandemic in Iran-a 
cross-sectional assessment. Crit Care. (2020) 24:402. doi: 10.1186/s13054-020-03140-w

 99. Franquet E, Salvado-Figueres M, Lorenzo-Bosquet C, Cuberas-Borrós G, Rovira 
A, Castell-Conesa J, et al. Nigrostriatal pathway dysfunction in a methanol-induced 
delayed dystonia-parkinsonism. Mov Disord. (2012) 27:1220–1. doi: 10.1002/mds.25049

 100. Sefidbakht S, Rasekhi AR, Kamali K, Borhani Haghighi A, Salooti A, Meshksar 
A, et al. Methanol poisoning: acute MR and CT findings in nine patients. Neuroradiology. 
(2007) 49:427–35. doi: 10.1007/s00234-007-0210-8

 101. Albin RL. Basal ganglia neurotoxins. Neurol Clin. (2000) 18:665–80. doi: 10.1016/
S0733-8619(05)70217-6

 102. Lee MS, Marsden CD. Neurological sequelae following carbon monoxide 
poisoning clinical course and outcome according to the clinical types and brain 
computed tomography scan findings. Mov Disord. (1994) 9:550–8. doi: 10.1002/
mds.870090508

 103. Jeon SB, Sohn CH, Seo DW, Oh BJ, Lim KS, Kang DW, et al. Acute brain lesions 
on magnetic resonance imaging and delayed neurological sequelae in carbon monoxide 
poisoning. JAMA Neurol. (2018) 75:436–43. doi: 10.1001/jamaneurol.2017.4618

https://doi.org/10.3389/fneur.2024.1438885
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1590/1980-57642015DN94000350
https://doi.org/10.1007/s10072-022-06119-3
https://doi.org/10.3171/jns.1964.21.2.0104
https://doi.org/10.1016/0090-3019(85)90161-2
https://doi.org/10.1136/jnnp.54.7.653
https://doi.org/10.1136/jnnp.54.7.653
https://doi.org/10.1016/S0140-6736(59)90754-8
https://doi.org/10.12890/2019_001055
https://doi.org/10.1186/1752-1947-4-218
https://doi.org/10.1177/08850666231156589
https://doi.org/10.1007/BF01404943
https://doi.org/10.3340/jkns.2012.51.3.144
https://doi.org/10.1016/S0022-510X(02)00042-4
https://doi.org/10.25259/SNI_595_2020
https://doi.org/10.1016/j.pediatrneurol.2005.10.021
https://doi.org/10.1002/mpo.10111
https://doi.org/10.12659/AJCR.900537
https://doi.org/10.12659/AJCR.900537
https://doi.org/10.1186/s12984-021-00818-2
https://doi.org/10.1002/ana.410390326
https://doi.org/10.1177/014107680609900223
https://doi.org/10.2176/nmc.36.99
https://doi.org/10.1016/j.clineuro.2021.106826
https://doi.org/10.1007/s007010050371
https://doi.org/10.5334/tohm.379
https://doi.org/10.1002/mds.21096
https://doi.org/10.1002/hep4.1624
https://doi.org/10.1002/mds.25503
https://doi.org/10.1136/jnnp.56.6.622
https://doi.org/10.1111/j.1600-0404.2008.01010.x
https://doi.org/10.1007/s00415-023-11650-0
https://doi.org/10.1007/s00415-023-11650-0
https://doi.org/10.1016/j.clineuro.2021.106514
https://doi.org/10.1016/j.clineuro.2021.106514
https://doi.org/10.1111/ene.12571
https://doi.org/10.1111/ene.12571
https://doi.org/10.1111/j.1468-1331.2006.01221.x
https://doi.org/10.1002/mdc3.13250
https://doi.org/10.1002/mds.10331
https://doi.org/10.1136/jnnp.65.1.119
https://doi.org/10.1136/jnnp.53.1.87-a
https://doi.org/10.1159/000116900
https://doi.org/10.1002/mds.22644
https://doi.org/10.1179/1743132812Y.0000000009
https://doi.org/10.1212/01.wnl.0000435297.80023.9e
https://doi.org/10.1212/01.wnl.0000435297.80023.9e
https://doi.org/10.3233/NRE-2010-0531
https://doi.org/10.3233/NRE-2010-0531
https://doi.org/10.1212/WNL.55.4.591
https://doi.org/10.1212/WNL.55.4.591
https://doi.org/10.1212/WNL.43.2.314
https://doi.org/10.1186/s13054-020-03140-w
https://doi.org/10.1002/mds.25049
https://doi.org/10.1007/s00234-007-0210-8
https://doi.org/10.1016/S0733-8619(05)70217-6
https://doi.org/10.1016/S0733-8619(05)70217-6
https://doi.org/10.1002/mds.870090508
https://doi.org/10.1002/mds.870090508
https://doi.org/10.1001/jamaneurol.2017.4618


Berlot et al. 10.3389/fneur.2024.1438885

Frontiers in Neurology 14 frontiersin.org

 104. Rosenberg NL, Myers JA, Martin WR. Cyanide-induced parkinsonism: clinical, 
MRI, and 6-fluorodopa PET studies. Neurology. (1989) 39:142–4. doi: 10.1212/
WNL.39.1.142

 105. Uitti RJ, Rajput AH, Ashenhurst EM, Rozdilsky B. Cyanide-induced 
parkinsonism: a clinicopathologic report. Neurology. (1985) 35:921–5. doi: 10.1212/
WNL.35.6.921

 106. Zaknun JJ, Stieglbauer K, Trenkler J, Aichner F. Cyanide-induced akinetic rigid 
syndrome: clinical, MRI, FDG-PET, beta-CIT and HMPAO SPECT findings. 
Parkinsonism Relat Disord. (2005) 11:125–9. doi: 10.1016/j.parkreldis.2004.07.013

 107. Richter R. Degeneration of the basal ganglia in monkeys from chronic carbon 
disulfide poisoning. J Neuropathol Exp Neurol. (1945) 4:324–53. doi: 
10.1097/00005072-194504040-00002

 108. Laplane D, Attal N, Sauron B, de Billy A, Dubois B. Lesions of basal ganglia due 
to disulfiram neurotoxicity. J Neurol Neurosurg Psychiatry. (1992) 55:925–9. doi: 10.1136/
jnnp.55.10.925

 109. Lu C, Li X, Ren Y, Zhang X. Disulfiram: a novel repurposed drug for cancer 
therapy. Cancer Chemother Pharmacol. (2021) 87:159–72. doi: 10.1007/
s00280-020-04216-8

 110. Mena I, Marin O, Fuenzalida S, Cotzias GC. Chronic manganese poisoning. Clin 
Picture Manganese Turnover Neurol. (1967) 17:128–36. doi: 10.1212/WNL.17.2.128

 111. Fell JM, Reynolds AP, Meadows N, Khan K, Long SG, Quaghebeur G, et al. 
Manganese toxicity in children receiving long-term parenteral nutrition. Lancet. (1996) 
347:1218–21. doi: 10.1016/S0140-6736(96)90735-7

 112. Reinert JP, Forbes LD. Manganese toxicity associated with total parenteral 
nutrition: a review. J Pharm Technol. (2021) 37:260–6. doi: 10.1177/87551225211023686

 113. Stepens A, Logina I, Liguts V, Aldiņš P, Ekšteina I, Platkājis A, et al. A 
parkinsonian syndrome in methcathinone users and the role of manganese. N Engl J 
Med. (2008) 358:1009–17. doi: 10.1056/NEJMoa072488

 114. Harischandra DS, Ghaisas S, Zenitsky G, Jin H, Kanthasamy A, Anantharam V, 
et al. Manganese-induced neurotoxicity: new insights into the triad of protein 
Misfolding, mitochondrial impairment, and Neuroinflammation. Front Neurosci. (2019) 
13:654. doi: 10.3389/fnins.2019.00654

 115. Rodier J. Manganese poisoning in Moroccan miners. Br J Ind Med. (1955) 
12:21–35. doi: 10.1136/oem.12.1.21

 116. Kulshreshtha D, Ganguly J, Jog M. Manganese and Movement Disorders: A 
Review. J Mov Disord. (2021) 14:93–102. doi: 10.14802/jmd.20123

 117. Mena I, Court J, Fuenzalida S, Papavasiliou PS, Cotzias GC. Modification of 
chronic manganese poisoning. Treatment with L-dopa or 5-OH tryptophane. N Engl J 
Med. (1970) 282:5–10. doi: 10.1056/NEJM197001012820102

 118. Kwakye GF, Paoliello MM, Mukhopadhyay S, Bowman AB, Aschner M. 
Manganese-induced parkinsonism and Parkinson's disease: shared and distinguishable 
features. Int J Environ Res Public Health. (2015) 12:7519–40. doi: 10.3390/
ijerph120707519

 119. Koller WC, Lyons KE, Truly W. Effect of levodopa treatment for parkinsonism 
in welders: a double-blind study. Neurology. (2004) 62:730–3. doi: 10.1212/01.
WNL.0000113726.34734.15

 120. Langston JW. The MPTP story. J Parkinsons Dis. (2017) 7:S11–9. doi: 10.3233/
JPD-179006

 121. Mätzler W, Nägele T, Gasser T, Krüger R. Acute parkinsonism with corresponding 
lesions in the basal ganglia after heroin abuse. Neurology. (2007) 68:414. doi: 10.1212/01.
wnl.0000250230.86581.ea

 122. Kumar Y, Drumsta D, Mangla M, Gupta N, Hooda K, Almast J, et al. Toxins in 
brain! Magnetic resonance (MR) imaging of toxic leukoencephalopathy - a pictorial 
essay. Pol J Radiol. (2017) 82:311–9. doi: 10.12659/PJR.901791

 123. Amar JY, Ruta J, Rahimian D, Dillinger RL, Katz P. Toxic leukoencephalopathy 
with extrapyramidal dysfunction due to synthetic cannabinoids. J Clin Neurosci. (2018) 
58:213–4. doi: 10.1016/j.jocn.2018.10.022

 124. Papageorgiou SG, Karantoni E, Pandis D, Kouzoupis AV, Kalfakis N, Limouris 
GS. Severe dopaminergic pathways damage in a case of chronic toluene abuse. Clin 
Neurol Neurosurg. (2009) 111:864–7. doi: 10.1016/j.clineuro.2009.07.007

 125. Shoji H, Watanabe M, Itoh S, Kuwahara H, Hattori F. Japanese encephalitis and 
parkinsonism. J Neurol. (1993) 240:59–60. doi: 10.1007/BF00838449

 126. Basumatary LJ, Raja D, Bhuyan D, Das M, Goswami M, Kayal AK. Clinical and 
radiological spectrum of Japanese encephalitis. J Neurol Sci. (2013) 325:15–21. doi: 
10.1016/j.jns.2012.11.007

 127. Kalita J, Misra UK. Comparison of CT scan and MRI findings in the diagnosis of 
Japanese encephalitis. J Neurol Sci. (2000) 174:3–8. doi: 10.1016/S0022-510X(99)00318-4

 128. Pradhan S, Pandey N, Shashank S, Gupta RK, Mathur A. Parkinsonism due to 
predominant involvement of substantia nigra in Japanese encephalitis. Neurology. (1999) 
53:1781–6. doi: 10.1212/WNL.53.8.1781

 129. Tadokoro K, Ohta Y, Sato K, Maeki T, Sasaki R, Takahashi Y, et al. A Japanese 
encephalitis patient presenting with parkinsonism with corresponding laterality of 
magnetic resonance and dopamine transporter imaging findings. Intern Med. (2018) 
57:2243–6. doi: 10.2169/internalmedicine.0337-17

 130. Sejvar JJ. Clinical manifestations and outcomes of West Nile virus infection. 
Viruses. (2014) 6:606–23. doi: 10.3390/v6020606

 131. Sejvar JJ, Haddad MB, Tierney BC, Campbell GL, Marfin AA, Van Gerpen JA, 
et al. Neurologic manifestations and outcome of West Nile virus infection. JAMA. (2003) 
290:511–5. doi: 10.1001/jama.290.4.511

 132. Leta V, Urso D, Batzu L, Lau YH, Mathew D, Boura I, et al. Viruses, parkinsonism 
and Parkinson's disease: the past, present and future. J Neural Transm. (2022) 
129:1119–32. doi: 10.1007/s00702-022-02536-y

 133. Amod F, Holla VV, Ojha R, Pandey S, Yadav R, Pal PK. A review of movement 
disorders in persons living with HIV. Parkinsonism Relat Disord. (2023) 114:105774. doi: 
10.1016/j.parkreldis.2023.105774

 134. Pilotto A, Masciocchi S, Volonghi I, Crabbio M, Magni E, de Giuli V, et al. 
Clinical presentation and outcomes of severe acute respiratory syndrome coronavirus 
2-related encephalitis: the ENCOVID multicenter study. J Infect Dis. (2021) 223:28–37. 
doi: 10.1093/infdis/jiaa609

 135. Zambrino CA, Zorzi G, Lanzi G, Uggetti C, Egitto MG. Bilateral striatal necrosis 
associated with Mycoplasma pneumoniae infection in an adolescent: clinical and 
neuroradiologic follow up. Mov Disord. (2000) 15:1023–6. doi: 
10.1002/1531-8257(200009)15:5<1023::AID-MDS1045>3.0.CO;2-A

 136. Termine C, Uggetti C, Veggiotti P, Balottin U, Rossi G, Egitto MG, et al. Long-term 
follow-up of an adolescent who had bilateral striatal necrosis secondary to Mycoplasma 
pneumoniae infection. Brain Dev. (2005) 27:62–5. doi: 10.1016/j.braindev.2004.03.010

 137. Kim JS, Choi IS, Lee MC. Reversible parkinsonism and dystonia following 
probable Mycoplasma pneumoniae infection. Mov Disord. (1995) 10:510–2. doi: 10.1002/
mds.870100419

 138. Rodman Berlot J, Krivec U, Praprotnik M, Mrvic T, Kogoj R, Kese D. Clinical 
characteristics of infections caused by Mycoplasma pneumoniae P1 genotypes in 
children. Eur J Clin Microbiol Infect Dis. (2018) 37:1265–72. doi: 10.1007/
s10096-018-3243-5

 139. Alarcon F, Cedeno Y, de Yebenes JG. Parkinsonism and other movement 
disorders in 23 cases of neurocysticercosis. Parkinsonism Relat Disord. (2017) 42:47–53. 
doi: 10.1016/j.parkreldis.2017.06.009

 140. Tse W, Cersosimo MG, Gracies JM, Morgello S, Olanow CW, Koller W. 
Movement disorders and AIDS: a review. Parkinsonism Relat Disord. (2004) 10:323–34. 
doi: 10.1016/j.parkreldis.2004.03.001

 141. Malaquias MJ, Magrinelli F, Quattrone A, Neo RJ, Latorre A, Mulroy E, et al. 
Presynaptic Hemiparkinsonism following cerebral toxoplasmosis: case report and 
literature review. Mov Disord Clin Pract. (2023) 10:285–99. doi: 10.1002/mdc3.13631

 142. Wszolek Z, Monsour H, Smith P, Pfeiffer R. Cryptococcal meningoencephalitis 
with parkinsonian features. Mov Disord. (1988) 3:271–3. doi: 10.1002/mds.870030312

 143. Camargos ST, Teixeira AL, Cardoso F. Parkinsonism associated with basal ganglia 
cryptococcal abscesses in an immunocompetent patient. Mov Disord. (2006) 21:714–5. 
doi: 10.1002/mds.20789

 144. Cury RG, Lopez WO. Bilateral striatal lesion due to herpesvirus-6 infection. J 
Neurol Sci. (2015) 358:538–9. doi: 10.1016/j.jns.2015.10.015

 145. Miklavcic P, Avcin S, Jazbec J, Vipotnik Vesnaver T, Todorova B, Trošt M, et al. 
Cyclosporine a induced dystonia-parkinsonism. J Neurol Sci. (2017) 375:68–70. doi: 
10.1016/j.jns.2017.01.043

 146. Will RG, Zeidler M, Stewart GE, Macleod MA, Ironside JW, Cousens SN, et al. 
Diagnosis of new variant Creutzfeldt-Jakob disease. Ann Neurol. (2000) 47:575–82. doi: 
10.1002/1531-8249(200005)47:5<575::AID-ANA4>3.0.CO;2-W

 147. Park Y, Lee CN. A case of Creutzfeldt-Jakob disease presented as rapid progressive 
parkinsonism. Dement Neurocogn Disord. (2019) 18:152–6. doi: 10.12779/
dnd.2019.18.4.152

 148. Maltête D, Guyant-Maréchal L, Mihout B, Hannequin D. Movement disorders 
and Creutzfeldt-Jakob disease: a review. Parkinsonism Relat Disord. (2006) 12:65–71. 
doi: 10.1016/j.parkreldis.2005.10.004

 149. Fragoso DC, Gonçalves Filho AL, Pacheco FT, Barros BR, Aguiar Littig I, Nunes 
RH, et al. Imaging of Creutzfeldt-Jakob disease: imaging patterns and their differential 
diagnosis. Radiographics. (2017) 37:234–57. doi: 10.1148/rg.2017160075

 150. Collie DA, Summers DM, Sellar RJ, Ironside JW, Cooper S, Zeidler M, et al. 
Diagnosing variant Creutzfeldt-Jakob disease with the pulvinar sign: MR imaging 
findings in 86 neuropathologically confirmed cases. AJNR Am J Neuroradiol. (2003) 
24:1560–9.

 151. Rosenfeld MR, Dalmau J. Paraneoplastic neurologic syndromes. Neurol Clin. 
(2018) 36:675–85. doi: 10.1016/j.ncl.2018.04.015

 152. Simard C, Vogrig A, Joubert B, Muñiz-Castrillo S, Picard G, Rogemond V, et al. 
Clinical spectrum and diagnostic pitfalls of neurologic syndromes with Ri antibodies. 
Neurol Neuroimmunol Neuroinflamm. (2020) 7:699. doi: 10.1212/NXI.0000000000000699

 153. Nabil A, Houyam T, Adil B, Jawad O, Ahmed B. Severe paraneoplastic 
parkinsonism: a rare cause revealing breast Cancer. J Clin Neurol. (2017) 13:310–1. doi: 
10.3988/jcn.2017.13.3.310

 154. Dalmau J, Graus F, Villarejo A, Posner JB, Blumenthal D, Thiessen B, et al. 
Clinical analysis of anti-Ma2-associated encephalitis. Brain. (2004) 127:1831–44. doi: 
10.1093/brain/awh203

https://doi.org/10.3389/fneur.2024.1438885
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1212/WNL.39.1.142
https://doi.org/10.1212/WNL.39.1.142
https://doi.org/10.1212/WNL.35.6.921
https://doi.org/10.1212/WNL.35.6.921
https://doi.org/10.1016/j.parkreldis.2004.07.013
https://doi.org/10.1097/00005072-194504040-00002
https://doi.org/10.1136/jnnp.55.10.925
https://doi.org/10.1136/jnnp.55.10.925
https://doi.org/10.1007/s00280-020-04216-8
https://doi.org/10.1007/s00280-020-04216-8
https://doi.org/10.1212/WNL.17.2.128
https://doi.org/10.1016/S0140-6736(96)90735-7
https://doi.org/10.1177/87551225211023686
https://doi.org/10.1056/NEJMoa072488
https://doi.org/10.3389/fnins.2019.00654
https://doi.org/10.1136/oem.12.1.21
https://doi.org/10.14802/jmd.20123
https://doi.org/10.1056/NEJM197001012820102
https://doi.org/10.3390/ijerph120707519
https://doi.org/10.3390/ijerph120707519
https://doi.org/10.1212/01.WNL.0000113726.34734.15
https://doi.org/10.1212/01.WNL.0000113726.34734.15
https://doi.org/10.3233/JPD-179006
https://doi.org/10.3233/JPD-179006
https://doi.org/10.1212/01.wnl.0000250230.86581.ea
https://doi.org/10.1212/01.wnl.0000250230.86581.ea
https://doi.org/10.12659/PJR.901791
https://doi.org/10.1016/j.jocn.2018.10.022
https://doi.org/10.1016/j.clineuro.2009.07.007
https://doi.org/10.1007/BF00838449
https://doi.org/10.1016/j.jns.2012.11.007
https://doi.org/10.1016/S0022-510X(99)00318-4
https://doi.org/10.1212/WNL.53.8.1781
https://doi.org/10.2169/internalmedicine.0337-17
https://doi.org/10.3390/v6020606
https://doi.org/10.1001/jama.290.4.511
https://doi.org/10.1007/s00702-022-02536-y
https://doi.org/10.1016/j.parkreldis.2023.105774
https://doi.org/10.1093/infdis/jiaa609
https://doi.org/10.1002/1531-8257(200009)15:5<1023::AID-MDS1045>3.0.CO;2-A
https://doi.org/10.1016/j.braindev.2004.03.010
https://doi.org/10.1002/mds.870100419
https://doi.org/10.1002/mds.870100419
https://doi.org/10.1007/s10096-018-3243-5
https://doi.org/10.1007/s10096-018-3243-5
https://doi.org/10.1016/j.parkreldis.2017.06.009
https://doi.org/10.1016/j.parkreldis.2004.03.001
https://doi.org/10.1002/mdc3.13631
https://doi.org/10.1002/mds.870030312
https://doi.org/10.1002/mds.20789
https://doi.org/10.1016/j.jns.2015.10.015
https://doi.org/10.1016/j.jns.2017.01.043
https://doi.org/10.1002/1531-8249(200005)47:5<575::AID-ANA4>3.0.CO;2-W
https://doi.org/10.12779/dnd.2019.18.4.152
https://doi.org/10.12779/dnd.2019.18.4.152
https://doi.org/10.1016/j.parkreldis.2005.10.004
https://doi.org/10.1148/rg.2017160075
https://doi.org/10.1016/j.ncl.2018.04.015
https://doi.org/10.1212/NXI.0000000000000699
https://doi.org/10.3988/jcn.2017.13.3.310
https://doi.org/10.1093/brain/awh203


Berlot et al. 10.3389/fneur.2024.1438885

Frontiers in Neurology 15 frontiersin.org

 155. Tada S, Furuta M, Fukada K, Hirozawa D, Matsui M, Aoike F, et al. Severe 
parkinsonism associated with anti-CRMP5 antibody-positive paraneoplastic 
neurological syndrome and abnormal signal intensity in the bilateral basal ganglia. J 
Neurol Neurosurg Psychiatry. (2016) 87:907–10. doi: 10.1136/jnnp-2015-311569

 156. Pittock SJ, Lucchinetti CF, Lennon VA. Anti-neuronal nuclear autoantibody type 2: 
paraneoplastic accompaniments. Ann Neurol. (2003) 53:580–7. doi: 10.1002/ana.10518

 157. Yap SM, Lynch T, MacMahon P, Murray B. Paraneoplastic atypical parkinsonism 
with anti-CRMP5 antibodies and severe caudate and Putaminal Hypometabolism on 
18-Fluorodeoxyglucose positron emission tomography of the brain. Mov Disord Clin 
Pract. (2017) 4:263–5. doi: 10.1002/mdc3.12370

 158. Balint B, Vincent A, Meinck HM, Irani SR, Bhatia KP. Movement disorders with 
neuronal antibodies: syndromic approach, genetic parallels and pathophysiology. Brain. 
(2018) 141:13–36. doi: 10.1093/brain/awx189

 159. Matsumoto L, Yamamoto T, Higashihara M, Sugimoto I, Kowa H, Shibahara J, 
et al. Severe hypokinesis caused by paraneoplastic anti-Ma2 encephalitis associated with 
bilateral intratubular germ-cell neoplasm of the testes. Mov Disord. (2007) 22:728–31. 
doi: 10.1002/mds.21314

 160. Compta Y, Iranzo A, Santamaria J, Casamitjana R, Graus F. REM sleep behavior 
disorder and narcoleptic features in anti-Ma2-associated encephalitis. Sleep. (2007) 
30:767–9. doi: 10.1093/sleep/30.6.767

 161. Mohammad SS, Fung VS, Grattan-Smith P, Gill D, Pillai S, Ramanathan S, et al. 
Movement disorders in children with anti-NMDAR encephalitis and other autoimmune 
encephalopathies. Mov Disord. (2014) 29:1539–42. doi: 10.1002/mds.25999

 162. Gastaldi M, Arbasino C, Dallocchio C, Diamanti L, Bini P, Marchioni E, et al. 
NMDAR encephalitis presenting as akinesia in a patient with Parkinson disease. J 
Neuroimmunol. (2019) 328:35–7. doi: 10.1016/j.jneuroim.2018.12.002

 163. Sasikumar S, Vincent J, Gopinath S, Nambiar V, Umesh SU, Kannoth S, et al. 
Autoimmune parkinsonism with faciobrachiocrural dystonic seizures: a new phenotype 
of leucine-rich glioma-inactivated 1 (LGI1) autoimmunity. Acta Neurol Belg. (2022) 
122:1323–8. doi: 10.1007/s13760-022-02018-8

 164. Qin X, Li J, Luo Y, He Y, Xiao X, Tan A, et al. Anti-contactin-associated protein-like 
2 antibody autoimmune encephalitis with rapidly progressive parkinsonism: a case report 
and literature review. Acta Neurol Belg. (2023) 123:2139–46. doi: 10.1007/s13760-022-02124-7

 165. Shao X, Fan S, Luo H, Wong TY, Zhang W, Guan H, et al. Brain magnetic 
resonance imaging characteristics of anti-leucine-rich glioma-inactivated 1 encephalitis 
and their clinical relevance: a single-center study in China. Front Neurol. (2020) 
11:618109. doi: 10.3389/fneur.2020.618109

 166. Zhang T, Duan Y, Ye J, Xu W, Shu N, Wang C, et al. Brain MRI characteristics of 
patients with anti-N-methyl-D-aspartate receptor encephalitis and their associations 
with 2-year clinical outcome. AJNR Am J Neuroradiol. (2018) 39:824–9. doi: 10.3174/
ajnr.A5593

 167. Gaig C, Compta Y, Heidbreder A, Marti MJ, Titulaer MJ, Crijnen Y, et al. 
Frequency and characterization of movement disorders in anti-IgLON5 disease. 
Neurology. (2021) 97:e1367–81. doi: 10.1212/WNL.0000000000012639

 168. Zandiehvakili M, Cui CK, Jeffrey B, Chang FC, Emerson J, Conyngham S. 
Atypical brain MRI findings in a patient with treatment responsive anti-IgLON5 disease. 
Radiol Case Rep. (2024) 19:2613–6. doi: 10.1016/j.radcr.2024.03.041

 169. Barba C, Alexopoulos H. Parkinsonism in autoimmune diseases. Int Rev 
Neurobiol. (2019) 149:419–52. doi: 10.1016/bs.irn.2019.10.015

 170. Lachhab L, Regragui W, Hamaz S, Ait Benhaddou EH, Benomar A, Yahyaoui M. 
Parkinsonism as first manifestation of lupus. Rev Neurol. (2012) 168:990–1. doi: 
10.1016/j.neurol.2012.03.010

 171. Marino M, Morgante F, Montagnese F, Toscano A, Musumeci O. Acute 
parkinsonism as first manifestation of systemic lupus erythematosus unmasked by CMV 
infection. Neurol Sci. (2014) 35:2019–21. doi: 10.1007/s10072-014-1844-z

 172. Tse GG, Santos-Ocampo AS, Chow DC, McMurtray AM, Nakamoto BK. Diffuse 
leukoencephalopathy and subacute parkinsonism as an early manifestation of systemic 

lupus erythematosus. Case Rep Neurol Med. (2013) 2013:367185:1–4. doi: 
10.1155/2013/367185

 173. Walker RH, Spiera H, Brin MF, Olanow CW. Parkinsonism associated with 
Sjögren's syndrome: three cases and a review of the literature. Mov Disord. (1999) 
14:262–8. doi: 10.1002/1531-8257(199903)14:2<262::AID-MDS1011>3.0.CO;2-6

 174. Sadnicka A, Sheerin UM, Kaplan C, Molloy S, Muraro PA. Primary progressive 
multiple sclerosis developing in the context of young onset Parkinson's disease. Mult 
Scler. (2013) 19:123–5. doi: 10.1177/1352458512445942

 175. Delalic S, Rus T, Horvat Ledinek A, Kojovic M, Georgiev D. Parkinson's disease 
in a patient with multiple sclerosis and heterozygous glucocerebrosidase gene mutation. 
Clin Parkinsonism Relat Disord. (2020) 3:100055. doi: 10.1016/j.prdoa.2020.100055

 176. Folgar S, Gatto EM, Raina G, Micheli F. Parkinsonism as a manifestation of 
multiple sclerosis. Mov Disord. (2003) 18:108–10. doi: 10.1002/mds.10317

 177. Leopold NA, Bara-Jimenez W, Hallett M. Parkinsonism after a wasp sting. Mov 
Disord. (1999) 14:122–7. doi: 10.1002/1531-8257(199901)14:1<122::AID-
MDS1020>3.0.CO;2-S

 178. Minault P, Madigand M, Sabouraud O. Pallidostriatal necrosis after Hymenoptera 
sting. Parkinsonian syndrome. Nouv Presse Med. (1981) 10:3725–6.

 179. Reddy NJ, Lewis LD, Gardner TB, Osterling W, Eskey CJ, Nierenberg DW. Two 
cases of rapid onset Parkinson's syndrome following toxic ingestion of ethylene glycol 
and methanol. Clin Pharmacol Ther. (2007) 81:114–21. doi: 10.1038/sj.clpt.6100013

 180. Teodoro T, Lobo PP, Ferreira J, Sousa R, Reimão S, Peralta R, et al. Delayed 
parkinsonism after acute chorea due to non-ketotic hyperglycemia. J Neurol Sci. (2015) 
354:116–7. doi: 10.1016/j.jns.2015.04.039

 181. Gil YE, Yoon JH. Hypoglycemia-induced parkinsonism with vasogenic basal 
ganglia lesion. Parkinsonism Relat Disord. (2018) 49:112–3. doi: 10.1016/j.
parkreldis.2018.01.002

 182. Parent M, Parent A. Substantia nigra and Parkinson's disease: a brief history of 
their long and intimate relationship. Can J Neurol Sci. (2010) 37:313–9. doi: 10.1017/
S0317167100010209

 183. Joutsa J, Horn A, Hsu J, Fox MD. Localizing parkinsonism based on focal brain 
lesions. Brain. (2018) 141:2445–56. doi: 10.1093/brain/awy161

 184. Greenfield JG, Bosanquet FD. The brain-stem lesions in parkinsonism. J Neurol 
Neurosurg Psychiatry. (1953) 16:213–26. doi: 10.1136/jnnp.16.4.213

 185. Bhatia KP, Marsden CD. The behavioural and motor consequences of focal 
lesions of the basal ganglia in man. Brain. (1994) 117:859–76. doi: 10.1093/
brain/117.4.859

 186. Perl DP, Olanow CW. The neuropathology of manganese-induced parkinsonism. 
J Neuropathol Exp Neurol. (2007) 66:675–82. doi: 10.1097/nen.0b013e31812503cf

 187. Lee MS, Marsden CD. Movement disorders following lesions of the thalamus or 
subthalamic region. Mov Disord. (1994) 9:493–507. doi: 10.1002/mds.870090502

 188. Gupta N, Pandey S. Post-thalamic stroke movement disorders: a systematic 
review. Eur Neurol. (2018) 79:303–14. doi: 10.1159/000490070

 189. Park J. Movement disorders following cerebrovascular lesion in the basal ganglia 
circuit. J Mov Disord. (2016) 9:71–9. doi: 10.14802/jmd.16005

 190. Choi SM, Lee SH, Park MS, Kim BC, Kim MK, Cho KH. Disappearance of resting 
tremor after thalamic stroke involving the territory of the tuberothalamic artery. 
Parkinsonism Relat Disord. (2008) 14:373–5. doi: 10.1016/j.parkreldis.2007.06.016

 191. Honey CJ, Sporns O. Dynamical consequences of lesions in cortical networks. 
Hum Brain Mapp. (2008) 29:802–9. doi: 10.1002/hbm.20579

 192. Carrera E, Tononi G. Diaschisis: past, present, future. Brain. (2014) 137:2408–22. 
doi: 10.1093/brain/awu101

 193. Fasano A, Laganiere SE, Lam S, Fox MD. Lesions causing freezing of gait localize 
to a cerebellar functional network. Ann Neurol. (2017) 81:129–41. doi: 10.1002/
ana.24845

https://doi.org/10.3389/fneur.2024.1438885
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1136/jnnp-2015-311569
https://doi.org/10.1002/ana.10518
https://doi.org/10.1002/mdc3.12370
https://doi.org/10.1093/brain/awx189
https://doi.org/10.1002/mds.21314
https://doi.org/10.1093/sleep/30.6.767
https://doi.org/10.1002/mds.25999
https://doi.org/10.1016/j.jneuroim.2018.12.002
https://doi.org/10.1007/s13760-022-02018-8
https://doi.org/10.1007/s13760-022-02124-7
https://doi.org/10.3389/fneur.2020.618109
https://doi.org/10.3174/ajnr.A5593
https://doi.org/10.3174/ajnr.A5593
https://doi.org/10.1212/WNL.0000000000012639
https://doi.org/10.1016/j.radcr.2024.03.041
https://doi.org/10.1016/bs.irn.2019.10.015
https://doi.org/10.1016/j.neurol.2012.03.010
https://doi.org/10.1007/s10072-014-1844-z
https://doi.org/10.1155/2013/367185
https://doi.org/10.1002/1531-8257(199903)14:2<262::AID-MDS1011>3.0.CO;2-6
https://doi.org/10.1177/1352458512445942
https://doi.org/10.1016/j.prdoa.2020.100055
https://doi.org/10.1002/mds.10317
https://doi.org/10.1002/1531-8257(199901)14:1<122::AID-MDS1020>3.0.CO;2-S
https://doi.org/10.1002/1531-8257(199901)14:1<122::AID-MDS1020>3.0.CO;2-S
https://doi.org/10.1038/sj.clpt.6100013
https://doi.org/10.1016/j.jns.2015.04.039
https://doi.org/10.1016/j.parkreldis.2018.01.002
https://doi.org/10.1016/j.parkreldis.2018.01.002
https://doi.org/10.1017/S0317167100010209
https://doi.org/10.1017/S0317167100010209
https://doi.org/10.1093/brain/awy161
https://doi.org/10.1136/jnnp.16.4.213
https://doi.org/10.1093/brain/117.4.859
https://doi.org/10.1093/brain/117.4.859
https://doi.org/10.1097/nen.0b013e31812503cf
https://doi.org/10.1002/mds.870090502
https://doi.org/10.1159/000490070
https://doi.org/10.14802/jmd.16005
https://doi.org/10.1016/j.parkreldis.2007.06.016
https://doi.org/10.1002/hbm.20579
https://doi.org/10.1093/brain/awu101
https://doi.org/10.1002/ana.24845
https://doi.org/10.1002/ana.24845

	Secondary parkinsonism associated with focal brain lesions
	1 Introduction
	2 Methods
	3 Causes of secondary parkinsonism
	3.1 Vascular causes
	3.1.1 Acute post-stroke and progressive vascular parkinsonism
	3.1.2 Vascular malformations
	3.2 Hydrocephalus
	3.2.1 Obstructive hydrocephalus
	3.2.2 Idiopathic normal pressure hydrocephalus
	3.3 Space-occupying lesions
	3.3.1 Brain tumors
	3.3.2 Subdural haematoma
	3.4 Metabolic causes
	3.4.1 Acquired hepatocerebral degeneration
	3.4.2 Diabetic uremic encephalopathy
	3.4.3 Parkinsonism due to hypocalcaemia and BG calcifications
	3.4.4 Osmotic demyelination syndrome
	3.5 Hypoxic-ischaemic brain injury
	3.6 Intoxications
	3.6.1 Methanol poisoning
	3.6.2 Carbon monoxide poisoning
	3.6.3 Cyanide poisoning
	3.6.4 Carbon disulfide and disulfiram intoxication
	3.6.5 Manganese intoxication
	3.6.6 Drugs of abuse
	3.7 Infections
	3.7.1 Viral encephalitis
	3.7.2 Mycoplasma pneumoniae
	3.7.3 Neurocysticercosis
	3.7.4 Parkinsonism related to opportunistic infections in immunocompromised patients
	3.7.5 Parkinsonism in Creutzfeldt-Jakob disease
	3.8 Immunological causes
	3.8.1 Paraneoplastic and autoimmune parkinsonism
	3.8.2 Systemic autoimmune diseases
	3.8.3 Multiple sclerosis
	3.9 Miscellaneous causes

	4 Discussion
	4.1 Relevance of secondary parkinsonism for clinical practice
	4.2 Relevance of secondary parkinsonism for understanding Parkinson’s disease
	4.3 Anatomical considerations, network impact of the lesions and relevance for clinical neuroscience

	5 Conclusion

	References

