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Abstract

Manganese has been associated with chronic hepatic encephalopathy and hyperintensity of the basal ganglia on brain mag-
netic resonance imaging (MRI).

Aims: to show different clinical presentations of chronic hepatic encephalopathy and MRI abnormalities and their associa-
tion with blood and cerebrospinal fluid manganese levels, with a review of this entity.

Methods: on 12 patients with neurological symptoms and MRI hyperintensity involving thebasal ganglia, blood and cerebro-
spinal fluid manganese levels were measured, with known or unknown prior chronic liver disease.

Results: patients presented with parkinsonian, choreic or psychiatric symptoms. All patients had cirrhosis, but the diagnosis
was known inhalf of them until MRI was done. High blood levels of manganese was found in all of them (mean:13.2+7.5ug/
It, normal value<0.06) and increased cerebrospinal fluid levels in the 2 cases studied.

Conclusions: Manganese could play a role in the pathogenesis of chronic hepatic encephalopathy on some patients with
atypical symptoms. MRI is a useful test of themetabolic brain injury and led to diagnosis of an unsuspected liver disease in

some of these patients.
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Introduction

Chronic Hepatic Encephalopathy (CHE) is a disabling
complication of chronic liver disease (CLD). The spectrum of
clinical manifestations ranges from very mild encephalopathy
only detected by careful neuropsychological evaluation [1], to
the severe syndrome of acquired hepatocerebral degeneration
[2]. The pathogenesis of CHE remains unclear, but increased
ammonia levels play a role, although probably not as important
as in the acute form of encephalopathy [3,4]. Basal ganglia
hyperintensities, mainly affecting the globus pallidus, are a well
recognised radiologic finding in magnetic resonance imaging
(MRI) of these patients [5,6]. In this sense, a pathogenic role for
manganese (Mn) has been implicated in CHE and seems to be the
cause of these MRI changes [7-9]. However, to our knowledge,
there has been only one report that has documented increased
blood and cerebrospinal fluid (CSF) concentrations of Mn in
patients with CHE which could lead to its accumulation in the
basal ganglia [10]. The aim of this study is to report the clinical
features of CHE and the MRI abnormalities found in these
patients and their association with elevated Mn levels in blood
and CSE together with a review of what has been published and

known about this unusual manifestation so far.

Patients and Methods

We selected adult patients with movement disorders,
either attending to the Movement Disorders Clinic of the
University of Chile Clinical Hospital with a parkinsonian
syndrome, who demonstrated some atypical features such as poor
response to levodopa, asterixis, myoclonus and/or gait ataxia,
with or without a past history or clinical signs suggesting CLD,
as well as patients presenting with chorea of unclear etiology and
patients attending the outpatient Gastroenterology Section with
a history of CLD who showed a motor disorder on neurological
examination. One patient who presented to a psychiatric clinic
with mania and a past medical history of CLD was also included.
None of the patients reported an occupational exposure to Mn.
A clinical evaluation of patients was performed in order to
assess the etiology and severity of CLD, including laboratory,
radiological and endoscopic tests to establish the Child-Pugh
(CP) classification [11] and the presence of portal hypertension
(i.e. oesophageal-gastric varices, ascites, splenomegaly). Serum
ammonia and its association with Mn levels and CP score were

also measured.

The etiology of liver disease was investigated with

HBsAg, anti-HBcore, anti-HCV, autoantibodies (antinuclear,

anti-smooth muscle and anti-mitochondrial antibodies),
immunoglobulin A, G, and M levels, serum ferritin and
transferrin saturation, serum caeruloplasmin and the presence
of Kayser-Fleischer rings on ophtalmological exam. Ethanol
consumption was thoroughly probed during both patient

evaluation and interview of the patient’ s family.

Brain MRI images were obtained by a 1.5 Tesla magnet;
the magnitude of hyperintensities were not specifically quantified,
except for a three grade scale: mild, moderate and severe. After
informed consent was obtained, blood levels of Mn were studied
in all subjects by atomic absorption spectrometry (Model Varian
Spectra A-40). The CSF Mn concentrations were measured in 2
patients who gave informed consent to lumbar puncture (LP),

and in whom coagulation studies permitted.

Neuropsychological assessment aimed at detecting
frontal lobe dysfunction was performed on patients with CLD
unrelated to alcohol (to exclude potential effects of alcohol on
the brain) and to those with Wilson’s disease; this evaluation
included Mattis Dementia Rating Scale, verbal fluency, Stroop
test and Wisconsin Sorting Card Test. Hamilton Rating Scale was
used to assess the presence of depression. We used West Heaven

scale of liver encephalopathy [1].

The investigation was approved by the local ethics

committee.

Results

We studied 12 patients (7 men and 5 women), with a
mean age of 56.8 + 8.6 years, characterized on table 1. The mean
duration of neurologic symptoms at the moment of evaluation

was 2 years (range: 1- 4 years).

The

parkinsonism in nine cases, a choreic syndrome in two and a

presenting neurological manifestation was
maniac episode in one patient. One of the parkinsonian patients
was diagnosed as having Wilsons disease. Most parkinsonian
patients showed symmetric bradykinesia and rigidity with a
postural tremor, mild asterixis and gait ataxia. Typical features
of Parkinson’s disease with a classic resting tremor was observed
in only one patient who showed a poor response to levodopa.
The patients who presented with chorea showed symmetric
involvement mainly of face and upper limbs associated with

dysarthria and gait ataxia. Cognitive impairment suggesting
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frontal lobe dysfunction was observed in the four cases assessed
(patients 1, 3, 6, 9 shown in Table 1), showing poor ability to
make executive decisions and verbal fluency, with frequent
errors in the Stroop test and in the Wisconsin Sorting Card test.
None of the patients were determined to have overt depression.
Only half of the cases had a clear history of CLD

Table 1: clinical features, laboratory and radiological findings

Case/ Sex | Age |CP |etiology | HE Portal | Alb PT % | Bili Serum* Mn** MRI
(For M) HTNe® | (g/dl) mg/dl | ammonia | (blood/CSF)

1)F 74 B OH I no 2,9 70 2,2 31 18/3,3 +
2)F 62 C Cryptog | II-IIT | yes 2,4 65 1,8 70 17 ++
3)F 82 A OH I no 3,8 72 1,5 6 2,1 +
49M 61 B OH I no 3,1 55 1,7 14 14 ++
5 M 62 C OH II-IIT | Yes 3,3 40 2,5 200 6,2 +

6) M 67 |C |HCV I Yes 3,1 |40 24 [200 21 ++
7)F 51 |B |Cryptog |I-II | Yes 4,0 65 1,2 270 26 o+
8) M 67 B Cryptog |1 Yes 3,0 70 2,1 97 14/2,9 ++
9)M 54 |B |OH I | Yes 3,0 50 1,2 210 0,3 +
10) M 40 |B |PBC -1 | Yes 32 55 1,8 140 16 ++
11) F 45 C Wilson II Yes 2,7 45 2,5 90 16 ++
12) M 53 B OH I-1I no 3,0 50 2,2 92 1,4 +++

* Normal range < 30 ug/ml

** Normal range; serum: < 0.06ug/1t; CSF: 0.22 to 0.72 ug/dlL

CSF= cerebral spinal fluid; CP= Child Pugh; Alb= albumin; PT= prothrombin time;
OH=ethanol; HCV= hepatitis C virus; HE=hepatic encephalopathy (I to IV grades of

West Heaven scale). PBC=primary biliar cholangitis.

° Portal HTN=portal hypertension, considered in case of oesophago-gastric varices,

splenomegaly and/or ascitis.

MRI imaging: mild, moderate and severe changes of intensity in basal ganglia (+ to

++4).

preceding the neurological symptoms by a mean period of
6 years (range 4 - 8 years) and were regularly followed by a
gastroenterologist. Two cases had experienced episodes of acute
encephalopathy, but neither had a history of frank hepatic coma.
After a complete evaluation of all patients, the etiology of liver
damage was related to alcoholism in six cases, Wilson’s disease in
1 patient, chronic hepatitis C in 1 case, primary biliary cirrhosis
in 1 case and cryptogenic cirrhosis in three cases. Liver biopsy
had been done in the six patients without alcoholic etiology

previously at the time of the study, which confirmed cirrhosis

and its etiology in 3 cases (HCV, PBC and Wilson’s disease some
years ago) and cryptogenic cirrhosis in the others. In patients
with alcoholic consumption cirrhosis was based on the clinical,

laboratory and radiological findings.

All patients had highly elevated blood levels of Mn,
mean: 13.2 + 7.5 ug/lt, (normal value < 0.06 ug/It) [12], and high
CSF Mn levels were found in the 2 cases studied, mean 3.5 + 0.9
ug/dl (normal range: 0.22 - 0.72 ug/dl). Patients with more severe
liver damage (CP score B and C) had more elevated Mn blood
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levels and also showed more severe extrapyramidal features in
subjective terms of bradykinesia, rigidity and postural tremor.
However, because only one patient with CP score A was included
in the study, a significant correlation between Mn blood level,

neurological symptoms and severity of CLD could not be

determined (Table 1). Mn levels of the 12 patients stratified by
CP score are shown in Table 2. Increased arterial ammonia levels
were also detected in 10 of the 12 patients.

A characteristic

pattern of T1-weighted MRI

Table 2: Mn levels for each CP score

Score Child-Pugh | N° of patients | Range of blood Mn levels
(ug/1)* / mean

A 1 2.1

B 7 03-26/84

C 4 6.2-16/15.1

*Serum normal range: < 0.06ug/It

hyperintensities was found in all cases and involved symmetrically
both the globus pallidus and less frequently the caudate nucleus
and the midbrain (Figure 1). T2-weighted images were otherwise
normal, included the patient with Wilson’s disease. The pattern
of basal ganglia hyperintensities was present regardless of the
neurological features at presentation, and tended to be more
intense in those patients who presented with more severe

neurological symptoms (Table 1).

Figure 1(a).

A mild and intermittent clinical improvement was seen
after medical treatment of the encephalopathy with lactulose
and non-absorbable antibiotics in some patients with parkinso-
nian symptoms in terms of gait, hand tremor and verbal fluency,
those who had baseline levels of blood Mn and serum ammoni-
um somewhat higher initially (patients 2, 5, 6, 7, 10 in Table 1)
without becoming a relationship statistically associated with the

magnitude or etiology of CLD.

Figure 1(b).

Figure 1. a) Axial, and b) Coronal T1-weighted magnetic resonance imaging of the brain showing basal ganglia hyperintensities,

more marked in globus pallidus, caudate nucleus andmesencephalon in a patient with chronic hepatic encephalopathy

Discussion

Our report confirms the presence of basal ganglia
hyperintensity on T1-weighted MRI images in patients with CHE
independent of the underlying etiology of the CLD [13-15]. This
finding has been described in approximately 90% of cirrhotic
patients [9] even in the absence of overt encephalopathy, but they

have tended to be more severe in the more advanced cases, such
as those patients with CHE [7,13]. These MRI hyperintensities
along with the neurologic impairment may be completely
reversible after successful treatment of the hepatic disease by
liver transplant [16,17], which none of our patients had received

as of the writing of this manuscript.

We found elevated blood Mn in the cirrhotic patients
in this cohort irrespective of the etiology. Of the 12 patients
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included in our study, only half had known CLD and the
others presented with neurological features, i.e. extrapyramidal
manifestations, which prompted MRI study and investigation for
CLD. Actually, the MRI findings in a subgroup of patients with
these neurological symptoms may suggest that evaluation for
occult liver damage is warranted. There was only one case with
CP score A and minimal changes on imaging. This suggests that
studying other patients with mild liver disease may better define
the relationship between the severity of CLD, MRI findings and

Mn levels.

Increased Mn blood levels were found in all cases, and in
the CSF of the two cases studied with LP. These findings suggest
a role for Mn deposition in the pathogenesis of CHE. However,
controversy still exists about the role of Mn in CHE, since some
reports show an elevation of Mn blood levels in almost 70% of
cirrhotics [9], whereas other authors have not been able to detect
such an association [18]. It is difficult to explain this discrepancy,
although as is true with ammonia determinations, Mn levels
must be evaluated frecuently to detect an elevation which may
not be permanent. However, in some cases like the one reported
by Thobois et al. [18], normal Mn blood levels were found
throughout the follow up, and more recently Mafteo, et al. [19]
in 26 patients with cirrhosis and T1 hyperintensity (only seven
with CHE) did not find that blood levels of Mn reflect the MRI
signal or CHE and concluded that MRI signal is a prerequisite for
clinical CHE. With the possible fluctuations in blood Mn levels,
CSF Mn determination may be a better marker of Mn brain
deposition than blood levels, as suggested by Katsuragi, et al. [10].
We found elevated blood levels of Mn in all our patients, but with
movement disorders being an inclusion criteria in our cohort,
so this finding may be explained by selection bias. Furthermore,
it’s interesting to evaluate an additional group of patients with
CLD without neurological improvement to correlate with Mn
levels, MRI imaging and evolutive neurological symptoms in all

of them, as the study mentioned above suggests [19].

Direct evidence of Mn basal ganglia deposition has
been provided simultaneously by Krieger et al (7) and Pomier-
Layrargues, et al. [20], who detected increased Mn tissue levels in
the basal ganglia at neuropathological examination of cirrhotic
patients in comparison to a control group. The characteristic
hyperintensity on brain MRI have also been observed in patients
with an incorrectly formulated total parenteral nutrition solution

with an excess of Mn supplementation [21]; these abnormal

findings disappeared after correction of the Mn prescribed
[21,22]. Huang et al demonstrated the same MRI hyperintensity
in humans with an occupational exposure to Mn [23]. In all of
these observations, as in our report, the pattern of basal ganglia
hyperintensities is constant with a clear predilection for the
globus pallidus, caudate nucleus, midbrain, and less frequently,
the white matter. This pattern of lesion distribution is unrelated
to the presenting movement disorders since we observed a
similar distribution of lesions whether the presentation was
parkinsonian, choreic or psychiatric. This fact could suggest
that these images constitute only a secondary finding, such as an
unspecific response of some more vulnerable areas of the brain
as Jog and Lang suggested in their review [13]. However, in our
opinion, the constant distribution of lesions as seen on MRI in
these patients would not necessarily correspond with clinical
presentation. Furthermore, the symmetric clinical findings in
all patients of our series correlate with a symmetric radiological
involvement of the basal ganglia nuclei. It is noteworthy
that one of our patients presented initially with prominent
psychiatric manifestations of a maniac episode with impulsivity,
hallucinations and delusions. These symptoms resembled
what has been referred to as manganese mania or manganese
psychosis, documented mainly in manganese miners [24],
suggesting the importance of Mn levels and imaging changes in

this subgroup of CLD patients.

Mn is normally excreted by the liver into the biliary
system, thus in the presence of liver damage and/or porto-sys-
temic shunt in acute and chronic cases, an increase in their levels
and those of ammonia is explained, whose metabolic enzyme
glutamine synthetase uses Mn as a cofactor, which would also
contribute to his accumulate in the brain with a favorite dilec-
tion for the basal ganglia [3]. Both ammonia and Mn specifically
bind to a benzodiazepine receptor called peripheral-type ben-
zodiazepine receptor (PTBR) that is located mainly on the outer
mitochondrial membranes of astrocytes. It has been suggested
that activation of PTBR in the brain by exposure to ammonia
or manganese potentiates inhibitory gabaergic neurotransmis-
sion which is characteristic of CHE (4). Within neurons, Mn is
sequestered within mitochondria where it can impede oxidative
phosphorylation and decreases the activity of mitochondrial en-
zymes [25,26]. Mn in vitro has also been demonstrated to stimu-
late nitric oxide synthetase activity, leading to an increase of this
potential neurotoxin [26]. Some evidence also suggests that Mn

could affect dopaminergic transmission [25].
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In recent years, great emphasis has been placed on the
concept of subclinical hepatic encephalopathy, or as it is more
properly called, mild or minimal encephalopathy [1], which
includes mild psychological deficits in the absence of overt en-
cephalopathy. These deficits which clearly affect patient daily life
include difficulties in decision-making, attention, and verbal flu-
ency, as was seen in some of our patients. We hypothesize that
basal ganglia lesions seen on brain MRI could explain the frontal
lobe deficit underlying the encephalopathy of CLD patients as
seen in other basal ganglia disorders like Parkinson’s disease, al-
though that is usually seen later in this condition. In addition,
in CHE its management is more limited with poor clinical re-
sponse as described with the use of dopaminergic agents [27,28],
non-absorbable disaccharides or classic copper chelators as de-
scribed in a Wilson-like case of a 55-year-old man [29]. Some
improvement has been reported in isolated cases with the use of
agents that may lag Mn, such as Trientene, in which T1 hyperin-
tensity and clinical parkinsonism decreased in a patient [30] or
neurological engagement was at least stabilized in the case men-
tioned above [29]. Better clinical and radiological outcome has
been reported with obliteration of portal-systemic shunt in CHE
[31], confirming the importance of this matter in the pathophys-
iology of this alteration. This image has also been described in T1
brain MRI in six patients with portal venous thrombosis-induced
shunt with cavernomatosis, with no signs of liver disease or por-
tal-systemic encephalopathy [32]. There are few cases described
after the therapy more definitive which means the liver trans-
plant, communicating partial to complete clinical resolution or
satisfactory on images [17,19,33-35], as well as of the post-trans-
plant transitional improvement and subsequent recurrence asso-
ciated to graft dysfunction [36], and strangely the persistence of
mild parkinsonism in patients with minimal pre-transplant liver

encephalopathy and hyperintense signal in MRI palidus [37].

Of course, we must recognize the limitations of our
study in terms of the small number of patients and the lack
of a control group with CLD without movement disorders in
which we observed basal ganglia on MRI and Mn blood levels.
However, in this infrequent area of atypical presentation of
CHE it seems important to us to describe this type of cases that
requires specific study, search for treatment and follow-up with

and without liver transplantation.

In summary, we believe that our report adds to the hy-
pothesis that Mn plays a role in the pathogenesis of CHE and

that brain MRI is an important test that suggest metabolic brain

injury in this context. Strategies to avoid Mn deposition in the
brain, not yet available or obliteration of shunts in severe cases,
could be an option to treat the encephalopathy and atypical neu-
rological symptoms of these patients before liver transplantation,
or when such treatment is unfeasible. To better understand the
pathogenic role of Mn in CLD, further perspective research is
necessary to correlate blood and CSF Mn levels. MRI findings,
neurologoical symptoms and survival differnces among patients
with mild to severe CLD.
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