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Objective: To investigate whether manganese toxicity
secondary to end-state liver disease is associated with nigrastriatal dysfunction as measured by 6-[18F]fluoro-LDOPA (FDOPA) positron emission tomographic (PET)
imaging.
Design: Observational case report.

Results: The FDOPA uptake for the patient with sec-

ondary manganese toxicity was reduced across all regions by more than 2 SDs compared with healthy controls: caudate (reduced 24.7%), anterior putamen (28.0%),
and posterior putamen (29.3%). The ratio of uptake between the caudate/posterior putamen was 0.99 and was
different from that of idiopathic Parkinson disease patients, in whom the greatest reduction of FDOPA was in
the posterior putamen (mean [SD] ratio, 1.65 [0.41]).

Setting: The Movement Disorder Center at Washing-

ton University, St Louis, Missouri.
Patient: An individual with manganese toxicity secondary to end-stage liver disease. His FDOPA PET was
compared with those of 10 idiopathic Parkinson disease
patients and 10 age- and sex-matched healthy controls.
Main Outcome Measure: The average estimated net
FDOPA uptake by Patlak graphical analysis for caudate,
anterior putamen, and posterior putamen.
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Conclusions: Reduce striatal uptake of FDOPA uptake
indicates dysfunction of the nigrostriatal pathways in manganese toxicity secondary to end-stage liver disease. The
pattern of striatal involvement with equal reduction of
FDOPA uptake in the caudate compared with posterior putamen appears different from those previously reported in
individuals with occupational manganese toxicity and idiopathic Parkinson disease and may be specific to manganese toxicity secondary to end-stage liver disease.
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ANGANESE (NEUROTOX-

icity is characterized
by progressive parkinsonism, dystonia, and
neuropsychiatric features. Although initial reports focused on
the clinical syndrome associated with occupational exposures,1 individuals with
end-stage liver disease (ESLD) are also at
risk for manganese neurotoxicity secondary to impaired biliary clearance.2 While
the parkinsonian features of manganese
neurotoxicity overlap with idiopathic Parkinson disease (IPD), some argue that
these clinical syndromes are entirely separable.3 Thus, the relationship between
manganese toxicity and IPD remains controversial. Functional imaging of the dopaminergic system can provide evidence
for the underlying pathophysiology of parkinsonian disorders and explore the relationships between IPD and manganese
neurotoxicity. In particular, 6-[18F]fluoroARCH NEUROL / VOL 69 (NO. 3), MAR 2012
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L-DOPA (FDOPA) positron emission tomography (PET) can provide information about the integrity of the nigrostriatal
dopaminergic pathway.4 However, previous studies of individuals with elevated
manganese levels have revealed conflicting results, including preferentially reduced uptake in the posterior putamen
similar to IPD5 and a unique pattern primarily affecting the caudate.6
REPORT OF A CASE

A 52-year-old man with a history of alcoholic cirrhosis was evaluated for liver transplantation 4 months after a diagnosis of
hepatitis B and the development of esophageal varices, ascites, and jaundice. Results from a liver biopsy confirmed the diagnosis of cirrhosis. His medications at the
time of examination included furosemide, lamivudine, phytonadione, potas-
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sium chloride, propranolol, aldactone, and thiamine hydrochloride. He had no history of neuroleptic use. He
endorsed a remote history of intravenous drug abuse and
heavy alcohol consumption but stopped 5 years prior to
presentation. There was no family history of neurologic
disease, and he denied any occupational exposure to manganese. He complained of a mild tremor of 2 months’ duration. However, neurologic examination demonstrated
mild parkinsonism with masked facies, symmetric action and postural tremor, bradykinesia, and rigidity. His
gait was normal. A video-based blinded rating of the Unified Parkinson Disease Rating Scale motor, subsection 3
(UPDRS3),7 examination at the time of imaging was 12.
(Rigidity examination was not blinded.) His Modified
Mini-Mental State score was 94 of 100.8 The patient was
offered a trial of levodopa but declined.
Hepatitis B HBe antibody was nonreactive while the
HBe antigen was reactive with a HBV DNA polymerase
chain reaction quantitative viral load of 273 000. His
Model for End-Stage Liver Disease9 score was 11, ceruloplasmin level was 32.9 mg/dL (reference range, 18.046.0 mg/dL), and serum manganese level was 301.39
nmol/L (reference 50-150 nmol/L). (To convert ceruloplasmin to milligrams per liter, multiply by 10.)
REFERENCE PATIENTS
The FDOPA results from our ESLD patient were compared with those of 10 male IPD patients and 10 healthy
male controls who were recruited through the Movement Disorders Center at Washington University. Reference patients were age matched to the ESLD patient
(±10 years). The IPD patients had probable Parkinson
disease according to the criteria proposed by Gelb et al.10
Controls were required to have no history of neurological disease and were excluded for a total UPDRS3 score
higher than 3 or rest, postural, or action tremor score
greater than 1.
This study was approved by the Washington University School of Medicine Human Research Protection Office, and all participants signed a written consent form.
NEUROIMAGING STUDIES
A high-resolution, 3-dimensional, magnetizationprepared rapid gradient echo (MPRAGE) image was acquired using a Siemens 3.0T Trio scanner. A reviewer
blinded to the clinical status of the patient outlined volumes of interest in the caudate, globus pallidus, anterior, and posterior putamen and occipital (control) regions on the MPRAGE images. Manganese exposure is
associated with increased T1 signal within the globus pallidus, and the intensity of the signal is traditionally measured in terms of a pallidal index defined as the ratio of
T1 signal in the globus pallidus to a white matter reference region. Pallidal indices were calculated from the
MPRAGE images as previously described.2
The PET imaging was acquired using an EXACT HR⫹
scanner (Knoxville, Tennessee) and coregistered with the
MPRAGE image using the protocol previously described.6 Decay-corrected regional PET counts were extracted from dynamic PET images using the magnetic reso-

Table. FDOPA PET Ki a Values for an ESLD Patient, IPD
Patients, and Controls

Patient

Caudate

Anterior
Putamen

Posterior
Putamen

1 Patient with
ESLD
10 Patients with
IPD, mean
(SD)
10 Controls,
mean (SD)

0.0084

0.0080

0.0085

0.0094 (0.0014) 0.0074 (0.0013) 0.0059 (0.0012)

0.0111 (0.0012) 0.0111 (0.0010) 0.0120 (0.0021)

Abbreviations: ESLD, end-stage liver disease; FDOPA,
6-[18F]fluoro-L-DOPA; IPD, idiopathic Parkinson disease; Ki, net FDOPA uptake;
PET, positron emission tomography.
a These values are given as mean (SD) values in minutes−1.

nance imaging–defined volumes of interest. Net FDOPA
uptake (Ki) was computed using Patlak graphical analysis of the time-activity data from 24 to 94 minutes postinjection reflecting levodopa transport, neuronal decarboxylase activity, and dopamine storage capacity.11
RESULTS

The MPRAGE T1-weighted sequence demonstrated increased signal in the bilateral globus pallidi in the ESLD
patient. The pallidal index was elevated at 133.75 (reference range, 96.38-101.26). The average estimated
FDOPA-PET Ki for each region (left- and right-sided averaged) is reported in the Table for the ESLD patient, IPD
patients (mean [SD] age, 49.5 [7.0] years, mean UPDRS3
scores 19.7 [11.2]), and controls (mean age, 48 [15] years;
mean UPDRS3 scores, 1.35 [1.16]). The FDOPA uptake
for the ESLD patient was reduced across all volumes by
more than 2 SDs compared with healthy controls: caudate (reduced 24.7%), anterior putamen (28.0%), and posterior putamen (29.3%) (Table). The ratio of uptake between the caudate/posterior putamen was 0.99, indicating
that FDOPA uptake was equally affected across regions.
This pattern of regional uptake differed from IPD patients, in whom the greatest reduction of FDOPA was in
the posterior putamen as demonstrated by a mean (SD)
caudate/posterior putamen ratio of 1.65 (0.41). The composite image from our patient and a representative control and an IPD patient are depicted in the Figure.
COMMENT

There are limited and conflicting data on dopaminergic
function in individuals with manganese exposure and
clinical parkinsonism. Initial studies of manganese toxicity reported normal FDOPA uptake and suggested the
associated parkinsonism arose from postsynaptic dopaminergic dysfunction.12 However, our recent FDOPA PET
studies in occupational manganese toxicity associated with
welding exposure demonstrate significantly reduced uptake in the caudate,6 suggesting presynaptic dysfunction may be an important part of the pathophysiology of
manganese toxicity. In the only previously available case
report on a patient with ESLD and elevated blood man-
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Figure. 6-[18F]fluoro-L-DOPA (FDOPA) positron emission tomographic composite images of decay-corrected counts from 24 to 94 minutes from a representative
control (A), an idiopathic Parkinson disease (IPD) patient (B), and an end-stage liver disease (ESLD) patient (C) normalized to the reference region. FDOPA uptake
is equally reduced across regions in the ESLD patient in comparison with the control, whereas the posterior putamen is the most affected region in the IPD
patient.

ganese, FDOPA uptake was globally reduced, with posterior putamen more affected than caudate.5 This patient had moderate to severe parkinsonism with some
features atypical for IPD, including severe, early gait impairment, and relatively symmetry parkinsonism on examination. Nevertheless, coexisting IPD could not be excluded as an etiology, and an autopsy was not obtained.
In the current report, we describe an individual with ESLD
and mild signs of symmetric parkinsonism. Elevated serum manganese levels and increased signal in the globus pallidus on T1-weighted imaging confirm exposure
to manganese. Reduced striatal uptake of FDOPA in this
patient again suggests presynaptic dysfunction of the nigrostriatal pathways secondary to manganese toxicity.
The caudate-putaminal ratio, which is simple to calculate, provides an objective measure of the striatal pattern of involvement. Interestingly, the pattern of relatively homogenous involvement throughout the striatum
in our ESLD patient with a caudate/posterior putamen
ratio of 0.99 appears to be distinct from the predominately posterior putamen pattern demonstrated in both
the previous ESLD report5 and our reference IPD patient (mean [SD] caudate/posterior putamen ratio, 1.65
[0.41]). Moreover, the pattern in our ESLD patient also
differs from our recent findings in occupational manganese neurotoxicity. In that FDOPA PET study, 20 asymptomatic welders with manganese exposure demonstrated a significant reduction in FDOPA uptake in the
caudate. We calculated the mean (SD) caudate/
posterior putamen ratio of FDOPA uptake in that cohort as 0.82 (0.13).6 We have only a single patient with
ESLD, so this difference compared with our findings in
the welders may reflect a chance finding. If confirmed
in additional ESLD patients, the 2 patterns in manganese exposed patients could reflect a difference in the severity of disease between asymptomatic welders, the current mildly symptomatic ESLD patient, and the severely
affected previous liver patient. Alternatively, this pattern may be specific to manganese toxicity secondary to
ESLD, but these preliminary hypotheses require further
study including more patients with symptomatic man-

ganese toxicity. The abnormal FDOPA striatal uptake in
this individual with ESLD demonstrates presynaptic nigrostriatal deficiency secondary to manganese toxicity that
seems to follow a different pattern from that typically
found in IPD.
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