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a  b  s  t  r  a  c  t

Project:  Hepatic  encephalopathy  is  an  increasingly  common  disease.  Identification  of  prognosis  risk  fac-
tors in  patients  with  liver  damage  may  lead to preventive  actions,  towards  decreasing  its  mortality.
Manganese  (Mn)  levels  are  increased  in  basal  ganglia  of  patients  with  hepatic  encephalopathy  as  well
as in  cases  of cirrhotic  and  liver  failure  patients.  The  present  is  a clinical,  prospective,  prolective  and
observational  study  developed  at the Internal  Medicine  Service  from  “Dr.  Darío  Fernández  Fierro”  Gen-
eral Hospital,  ISSSTE,  Mexico  City.  The  objective  of  this  work  was to  report  whole  blood  Mn  levels  and
mortality  in  encephalopathic  patients.
Procedure:  Consecutive  patients  over  18  years  of age, diagnosed  with  hepatic  encephalopathy  were
recruited  at  the emergency  room  service.  An  informed  consent,  signed  by  their  families  was  collected.
Patients’  clinical  characteristics,  biochemical  tests  of  renal  function,  hemoglobin,  glucose,  bilirubins  and
albumin  levels  were  obtained  along  with  a  blood  sample  to analyze  Mn.  Patients  evolution  was  followed
up  for  6 months.
Results:  Blood  Mn  in  patients  [median,  (range)]  [20.5,  (10.5–39.5)  �g/L]  were  higher  than  blood  levels

from  a group  of  healthy  volunteers  [7.5,  (6.1–12.8)  �g/L]  (P < 0.001).  Among  9 patients  studied  four  died,
2 women  and  2  men,  those  patients  showed  higher  (P =  0.032)  Mn  levels  [28,  (17–39.5)  �g/L]  than  those
alive  [13.5,  (10.5–32)  �g/L]  after  the follow  up  period.
Conclusions: In  this  pilot  study,  Mn  blood  levels  were  higher  in  hepatic  encephalopathy  that  died as
consequence  of the disease  that  those  that survived  in  a 6  month  follow  up period.  Blood  Mn  could  be  a
potential  prognosis  factor  for  death  in  patients  with  hepatic  encephalopathy.
ntroduction

Hepatic encephalopathy is a serious complication of both
cute and chronic liver failure. Precipitating factors of hepatic
ncephalopathy include gastrointestinal bleeding, oral protein load
nd the use of sedatives [1]. Although the precise pathophysio-
ogic mechanisms are not completely understood, current available
vidence suggests that the accumulation of neurotoxins, regularly
isposed by liver function, is the primary cause of this condition,
redisposing to neurotransmission changes.

The presence or severity of hepatic encephalopathy does not

lways show a consistent relationship with the severity of liver
isease or portal hypertension, suggesting that other predis-
osing or precipitating factors may  be involved. Recent studies

� Study ID Numbers: HGDrDFF-Mn2008. ClinicalTrials.gov Identifier:
CT00985010.
∗ Corresponding author. Tel.: +52 722 2194122x114; fax: +52 722 2194122.

E-mail address: mezh 74@yahoo.com (H. Mendieta Zerón).

946-672X/$ – see front matter ©  2011 Elsevier GmbH. All rights reserved.
oi:10.1016/j.jtemb.2011.07.003
© 2011 Elsevier GmbH. All rights reserved.

reveal that exposure to ammonia and/or manganese (Mn) in liver
failure results in altered expression of several genes [2]. Such
alterations include decreased expression of the glutamate trans-
porter GLT-1, and increased expression of monoamine oxidase,
the “peripheral-type” benzodiacepine receptor, as well as constitu-
tive neuronal nitric oxide synthase. These changes result in altered
protein expression and increased extracellular brain glutamate,
degradation of monoamine neurotransmitters, synthesis of neuros-
teroids with inhibitory properties and production of nitric oxide
in the brain [3,4]. Other neurotransmitter systems implicated in
the pathogenesis of hepatic encephalopathy include the synaptic
deficit in the serotonin system, as well as the catecholaminergic
and opioid systems along with increased presence of “endogenous”
benzodiazepine-like compounds.

In patients with hepatic encephalopathy increased blood
levels of Mn,  a well-known neurotoxic metal, with bil-

iary excretion has been described. Furthermore, the metal is
found accumulated in basal ganglia of cirrhotic and liver fail-
ure patients [5–7]. Mn  is a structural part of arginase, an
important enzyme in the urea metabolism. Mn is a structural part of

dx.doi.org/10.1016/j.jtemb.2011.07.003
http://www.sciencedirect.com/science/journal/0946672X
http://www.elsevier.com/locate/mechrescom
mailto:mezh_74@yahoo.com
dx.doi.org/10.1016/j.jtemb.2011.07.003
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rginase, an important enzyme in the urea metabolism. Mn also acts
s cofactor of numerous enzymes in Krebs cycle, particularly in the
ecarboxylation process. Magnetic resonance images (MRI) studies
uggest the accumulation of Mn  and the development of osmotic
bnormalities in the brain of patients with cirrhosis [8–10]. The
rontal cortex is also a site for deposition of Mn  [11,12],  and some
ognitive functions related to this part of the brain and its connec-
ions with other cortical and subcortical areas could be affected by

n [13].
Evidence suggests that neurosteroids synthesized in the cen-

ral and peripheral nervous system, either from cholesterol or
rom steroid precursors, are involved in the pathogenesis of hep-
tic encephalopathy [14]. In the brain, neurosteroids are mainly
roduced in the mitochondria of astroglial cells. Translocator pro-
eins are situated on the mitochondrial membrane in astrocytes
nd regulate neurosteroid synthesis. Ammonia and Mn  are thought
o enhance neurosteroid synthesis by activating these translocator
roteins [15]. It has also been reported that Mn  affects the gluta-
ate N-methyl-d-aspartate (NMDA) receptors, which are involved

n learning [16].
Toxic effects of Mn  on central nervous system could also be

ediated by its effects on the glycolytic enzyme glyceraldehyde-
-phosphate dehydrogenase (GAPDH). It was also suggested that
n-induced increases of “peripheral type” benzodiazepine recep-

ors (PTBRs) could contribute to the pathogenesis of hepatic
ncephalopathy [17]. Mn  is a potent dopamine oxidant, which
ould explain the toxic lesions in certain dopaminergic brain
egions [18,19]. Another hypothesis for the toxic mechanism of Mn
s the production of excess free radicals in the nerve cell, potenti-
ting lipid peroxidation and resulting in tissue damage [20].

Three clinical syndromes attributed to Mn  toxicity are described
n the basis of the predominant symptoms and neurologic find-
ngs: (a) parkinsonism, (b) gait ataxia plus other features, and (c)
ognitive impairment with psychiatric symptoms [21].

Orthotopic liver transplantation normalizes pallidal MRI  signals,
lood Mn  levels in cirrhotic patients and clinical signs [22], suggest-

ng that: (a) pallidal MRI  signal hyperintensity is the result of Mn
eposition and (b) alterations of dopaminergic function due to the
oxic effects of Mn  may  contribute to the extrapyramidal symptoms
n these patients [23].

The aim of this pilot study was to report whole blood Mn  levels
nd mortality in encephalopathic patients at the “Dr. Darío Fernán-
ez Fierro” General Hospital, ISSSTE, Mexico City.

ethods

ubjects

This clinical, prospective, observational study included consec-
tive patients, males and females over the age of 18 years, with
epatic encephalopathy. Our exclusion criteria were: (a) portal
ypass surgery, (b) cancer of any localization, (c) severe diseases
hat shorten life expectancy to less than 6 months, and (d) psy-
hiatric illness. The withdrawal of any subject was based on the
ecision of patient’s family, or due to life-threatening conditions.
or comparison, blood samples from 11 healthy volunteers, five
omen and six men  were collected.

Ethics approval was obtained from the ethics committee of the
Dr. Darío Fernández Fierro” General Hospital and was  in accor-
ance with the 1975 Helsinki Declaration on Human Rights, as
evised in Edinburgh 2000. Patients were included after written

nformed consent was obtained from each patient’s next of kin.

Patients’ clinical characteristics were obtained and, after dis-
harge, they were given an appointment to an external consultation
very 2 months.
 in Medicine and Biology 25 (2011) 225– 229

Clinical evaluation

The medical staff of the Department of Internal Medicine eval-
uated the patients, including their level of ascites and nutritional
status.

Laboratory

Blood samples were collected into Vacutainer tubes. For Mn,  a
sample of blood was stored in metal-free Vacutainer tubes with
EDTA as an anticoagulant until assayed. Biochemical tests of renal
function, hemoglobin, glucose, bilirubins and albumin levels were
measured according to standardized procedures in the Clinical Lab-
oratory of the “Dr. Darío Fernández Fierro” General Hospital.

Manganese

From encephalopathic patients admitted at the Department of
Internal Medicine after being stabilized in the Emergency Room,
we took individual blood samples of 5 ml  early in the morning,
before breakfast, and refrigerated them until they were analyzed
in the Neurochemistry Laboratory at the National Institute of Neu-
rology and Neurosurgery “Dr. Manuel Velasco Suárez”, Mexico
City, with a graphite furnace atomic absorption spectrophotometer
(GFAAS), according to the technique reported by Pleban et al. [24].
A Perkin-Elmer 3110 atomic absorption spectrophotometer and
an HGA-600 graphite furnace with AS-60 autosampler were used.
Calibration curves were constructed with a commercial standard
solution (Merck Titrisol). Quality control was  assured by analysing
the biological matrix bovine liver (NIST 1577b) as external stan-
dard. The analysis was  considered as analytically valid if values for
Mn standard were in a 95% confident interval based on the certified
concentration. An additional sample of blood was obtained from 10
healthy individuals with similar age and gender to serve as a refer-
ence of blood Mn  value. Samples from patients and controls were
analyzed in duplicate in all cases standard deviations were lower
than 10%; if otherwise the sample was  re-analyzed.

Statistical analysis

Results of numerical variables were expressed in median and
range; group comparisons were made with the Mann–Whitney U
test using the Statistical Package for Social Sciences (SPSS) program
version 10 (SPSS Inc., North Carolina, USA).

Results

A total of nine patients fulfilled the inclusion criteria. The
age [median, (range) years] in men  (n = 5) was [61, (49–75)] and
in women (n = 4) was  [54, (49–67)]. The full description of the
encephalopathic grade and liver enzymes is shown in Table 1.

As controls, we  obtained blood samples from 11 healthy volun-
teers, with age [median, (range) years] in men  (n = 6) [55, (40–70)]
and in women  (n = 5) [55, (38–62)].

According to our results, in patients, the age [median, (range)
years] of those who died (n = 4) was  [55, (49–67)], while for those
alive after 6 months (n = 5) was [60, (53–75)]. Hemoglobin, glucose,
creatinine and albumin showed similar values between these two
groups. Blood Mn  [median, (range) �g/L] levels found in patients
[20.5, (10.5–39.5)] were higher (P < 0.001) than those from the
group of healthy volunteers [7.5, (6.1–12.8)].
By gender, among women, there was a statistical differ-
ence (P < 0.05) in blood manganese between patients [29.2,
(17–39.5)�g/L] and controls [9.1, (6.8–12.8)�g/L]; likewise, among
men  there was  also a statistically significant difference (P < 0.01)
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between patients [13.5, (10.5–35.5)�g/L] and controls [7.5,
(6.1–9.2)�g/L].

Given the information that we  got, in patients, there was  a
statistical significant difference in Mn  level between clinical evo-
lution, death [28, (17–39.5) �g/L] vs. living [13.5, (10.5–32)�g/L]
(P = 0.032) but not between gender (P = 0.19) (Table 2). Of partic-
ular concern, the blood levels of Mn  were higher in patients with
Child-Pugh C liver cirrhosis [29.2, (10.5–39.5) �g/L] in comparison
to patients with Child-Pugh B [17, (12.5–35.5) �g/L].

We also noted that 75% of women  had severe hepatopathy
(Child-Pugh class C). Moreover, severe encephalopathy (grades 3
and 4) and mortality was  at 50% in this group, whereas in men
there was  only one case with Child-Pugh class C, with both severe
encephalopathy and mortality in 40% of male cases.

Among all patients urinary tract infection was the most common
precipitating factor, while alcoholism was the main chronic disease,
followed by hypertension. The only two  cases without alcoholism
died because of hepatitis C infection (Table 2).

Discussion

Mn is an essential metal that in excess can be toxic, especially to
the brain. Taking into account that chronic exposure of to Mn  results
in extrapyramidal symptoms like tremor, rigidity, athetosis and
psychological disturbances that resemble hepatic encephalopathy,
it is suggested that cerebral Mn  deposition is related to some signs
and symptoms of hepatic encephalopathy, such as postural tremor
[25]. Acute, high-level occupational Mn  exposure causes “Man-
ganism” characterized by progressive parkinsonism, dystonia and
neuropsychiatric symptoms [26]. Other source of Mn accumulation
in the brain, mainly in the basal ganglia, is due to biliary excre-
tion deficiency [27]. In our patients, we  have observed a critical
prevalence of alcoholism, and as the actual statistics establish a con-
tinuous increase of this pathology even in pregnant women [28], it
is expected to be the main cause of death attributed to liver disease
in the coming years.

One difficulty in the study of Mn  exposure is the lack of a
well-recognized bioindicator of exposure. On an epidemiologic
comparison basis, blood Mn  levels may  serve reasonably well as an
indicator of recent Mn  exposure. However, a relatively large vari-
ation in blood Mn  among individuals, due to either diet or other
unknown sources, suggests that this measure may  not be the best
parameter for the estimation of chronic exposure to this metal
[29,30]. In this regard, Mergler and Baldwin showed a lack of corre-
lation between blood Mn  and neurological effects [31], while other
authors think that the severity of motor dysfunction depends on
the dose of exposure, and involves both the amount and the dura-
tion [32,33]. The assessment of Mn  in hair has several advantages
over other biomarkers. Hair averages off the variations of Mn  levels
found in blood or plasma, as it grows an average of 11 mm/month,
thus representing a time-weighted average over the duration of
exposure. To date, there have not been publications on hair Mn
levels being useful to evaluate toxicity by this metal in liver failure,
but it should be considered as suitable. In our study, a major draw-
back to the use of hair as a marker of internal dose of exposure was
that most patients were bald.

Generally accepted methods for assessing the clinical status and
severity of disease in cirrhotic patients are the Child-Pugh-Turcotte
classification [34] and the Model for End-stage Liver Disease
(MELD) [35,36]. Unfortunately, these systems do not include an
assessment of nutritional status in spite of the fact that malnutri-

tion plays an important role in morbidity and mortality in end-stage
liver failure. The omission of nutritional assessment results no
doubt from the heterogeneous nature of the nutritional deficits in
this population.
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Table 2
Child-Pugh classification, age and laboratory results in patients with hepatic encephalopathy at the moment of recruitment.

Gender Child-Pugh Age (years) Leucocytes (mil/mm3) Hb (g/dl) Glucose (mg/dl) Urea (mg/dl) Creatinine (mg/dl) Mn* (�g/L)

Male B† 49 7700 10.6 78 128 2.8 35.5
B† 61 2400 10.6 67 46 0.7 20.5
B 75  5900 14.5 210 81 2.9 12.5
B  60 6000 13.5 110 98 2 13.5
C 70  6800 11.5 99 56 3.4 10.5

Mean  63 5760 12.1 112.8 81.8 2.4 18.5
SD  10 2013 1.8 56.9 33.0 1.1 10.2

Female C† 49 8500 13 180 140 3 39.5
B† 67 9900 9.3 78 152 1.3 17
C 53  5500 11.8 161 41 0.8 26.5
C  55 7200 12 200 80 1.8 32

Mean  56 7775 11.5 154.8 103.3 1.7 28.8
SD  8 1875 1.6 53.6 52.1 0.9 9.5

SD: standard deviation; Hb: hemoglobin; Mn:  manganese.
Control values: leucocytes: male and female: 5–10; Hb: male: 14–18, female: 12–16; glucose: male and female: 70–100; urea: male and female: 15–38; creatinine: male:
0.7–1.3,  female: 0.6–1.1; Mn: male: 4.6–10.2, female: 4.3–13.9.
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* P = 0.032 between “death vs. living”.
† Death within 6 months.

In our study, two patients died in 24 h and two more in less
han 3 months; of the two, both had blood Mn  levels higher than
.54 �mol/L (30 �g/L) and one higher than 0.36 �mol/L (20 �g/L);

t is noteworthy that they died even though they were younger
han those who were alive after 6 months. We  cannot be cer-
ain of the role of high levels of Mn  as a factor for the deaths
n our study, although the overlap in these patients, and with
ther series, is noteworthy. For example, Krieger found signifi-
antly increased (P = 0.0004) whole blood Mn  concentrations in
atients with liver cirrhosis, median 0.62 �mol/L (34.4 �g/L) vs.
.18 �mol/L (10.3 �g/L) in controls [5].  This result is in agreement
ith the present study, since we found higher values in patients

20.5, (10.5–39.5) �g/L] than in controls [7.5, (6.1–12.8) �g/L].
ven more, in our study, two patients died with Mn  levels above
.54 �mol/L (30 �g/L), suggesting that 0.54 �mol/L (30 �g/L) could
e a value of prognosis. As Rahelic et al. [37], we found higher levels
f Mn  in patients with Child-Pugh C liver cirrhosis. Some authors
iscuss that as a result of a different metabolism between gender,
omen absorb more Mn  than men  [38–40] but we did not find this
ifference neither in patients nor in controls as being statistically
ignificant.

Furthermore, it has been published that some factors may  con-
ribute to the presence and severity of hepatic encephalopathy
ndependent of the severity of liver disease [41]. Based on the
esults from the present study, we suggest Mn  could be a potential
ortality prognosis factor in cases of hepatic encephalopathy, but

urther studies are warranted to investigate this hypothesis with
ore patients and complementary information, taking into account

hat measurement of Mn  has limited prognostic value when other
ssential metals are likely affected as well, iron in particular. In
his study we did not perform iron levels status as some patients
eceived blood transfusion as soon as they arrived to the emer-
ency room. We  also believe that neuropsychological testing for
he assessment of Mn  neurotoxicity [42] should be useful in daily
ractice.

Finally, the treatment of hepatic encephalopathy is controver-
ial. Empiric therapy is largely based on the principle of reducing
he production and absorption of ammonia in the gut through
dministration of pharmacological agents such as rifaximin and
actulose, which are approved by the FDA. Future studies should
e aimed at evaluating the effects of Mn  chelation in these

atients. Nonetheless with these evidences, liver transplantation
ight be the only option for some patients [43], even though

he parkinsonian and the neuropsychiatric changes might per-
ist even after this procedure [44]. A crucial issue, therefore, is
that the workup of a patient who is eligible for liver transplan-
tation should be initiated at the earliest opportunity after an
acute episode of hepatic encephalopathy. Moreover, the severity
of hepatic encephalopathy before liver transplantation is inversely
correlated with the duration of survival after transplantation [45].
Surgical portosystemic shunting or tiPs placement worsens hepatic
encephalopathy because ammonia in the gut circulation can then
bypass metabolism in the liver and go directly to the brain. The
best understanding of hepatic encephalopathy could derive in new
therapeutic and even preventive alternatives to reduce relapses and
hospitalizations.

Conclusions

Despite the low number of patients included in the present
study, higher levels of Mn  could be associated with increased mor-
tality in patients with liver cirrhosis and encephalopathy. This
finding may  represent only more advanced grades of the disease or
it can mean an independent prognostic factor. Studies with a larger
number of patients could clarify these assumptions and even more
determine whether Mn  levels affect women  differently than men.

Conflict of interest

None disclosed.

Acknowledgements

Authors thank Benjamin Juarez, a graduate student in the School
of Public Policy at Oregon State University, for his excellent help in
the typographical and grammatical corrections.

All authors have made a significant intellectual contribution to
the manuscript.

References

[1] Butterworth RF. Complications of cirrhosis III. Hepatic encephalopathy. J Hep-
atol 2000;32:171–80.

[2] Ahboucha S. Neurosteroids and hepatic encephalopathy: an update on possible
pathophysiologic mechanisms. Curr Mol  Pharmacol 2011;4:1–13.

[3] Ahboucha S, Butterworth RF. Pathophysiology of hepatic encephalopathy:
a  new look at GABA from the molecular standpoint. Metab Brain Dis

2004;19:331–43.

[4] Vaquero J, Butterworth RF. The brain glutamate system in liver failure. J Neu-
rochem 2006;98:661–9.

[5] Krieger D, Krieger S, Jansen O, Gass P, Theilmann L, Lichtnecker H. Manganese
and chronic hepatic encephalopathy. Lancet 1995;346:270–4.



ments

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

H. Mendieta Zerón et al. / Journal of Trace Ele

[6]  Layrargues GP, Rose C, Spahr L, Zayed J, Normandin L, Butterworth RF. Role
of  manganese in the pathogenesis of portal-systemic encephalopathy. Metab
Brain Dis 1998;13:311–7.

[7] Mas  A. Hepatic encephalopathy: from pathophysiology to treatment. Digestion
2006;73(Suppl 1):86–93.

[8] Cordoba J, Sanpedro F, Alonso J, Rovira A. 1H magnetic resonance in the study
of  hepatic encephalopathy in humans. Metab Brain Dis 2002;17:415–29.

[9] Das K, Singh P, Chawla Y, Duseja A, Dhiman RK, Suri S. Magnetic resonance imag-
ing of brain in patients with cirrhotic and non-cirrhotic portal hypertension.
Digest Dis Sci 2008;53:2793–8.

10] Rovira A, Alonso J, Cordoba J. MR  imaging findings in hepatic encephalopathy.
AJNR Am J Neuroradiol 2008;29:1612–21.

11] Dorman DC, Struve MF,  Clewell III HJ, Andersen ME.  Application of pharma-
cokinetic data to the risk assessment of inhaled manganese. Neurotoxicology
2006;27:752–64.

12] Schneider JS, Decamp E, Clark K, Bouquio C, Syversen T, Guilarte TR. Effects
of chronic manganese exposure on working memory in non-human primates.
Brain Res 2009;1258:86–95.

13] Schneider JS, Decamp E, Koser AJ, Fritz S, Gonczi H, Syversen T. Effects of chronic
manganese exposure on cognitive and motor functioning in non-human pri-
mates. Brain Res 2006;1118:222–31.

14] Ahboucha S, Butterworth RF. The neurosteroid system: implication in the
pathophysiology of hepatic encephalopathy. Neurochem Int 2008;52:575–87.

15] Ahboucha S, Butterworth RF. The neurosteroid system: an emerging therapeu-
tic  target for hepatic encephalopathy. Metab Brain Dis 2007;22:291–308.

16] Guilarte TR, Chen MK.  Manganese inhibits NMDA receptor channel func-
tion: implications to psychiatric and cognitive effects. Neurotoxicology
2007;28:1147–52.

17] Hazell AS, Desjardins P, Butterworth RF. Chronic exposure of rat primary
astrocyte cultures to manganese results in increased binding sites for the
‘peripheral-type’ benzodiazepine receptor ligand 3H-PK 11195. Neurosci Lett
1999;271:5–8.

18] Fitsanakis VA, Au C, Erikson KM,  Aschner M.  The effects of manganese on glu-
tamate, dopamine and gamma-aminobutyric acid regulation. Neurochem Int
2006;48:426–33.

19] Pal PK, Samii A, Calne DB. Manganese neurotoxicity: a review of clinical fea-
tures, imaging and pathology. Neurotoxicology 1999;20:227–38.

20] Graham DG. Catecholamine toxicity: a proposal for the molecular pathogen-
esis of manganese neurotoxicity and Parkinson’s disease. Neurotoxicology
1984;5:83–95.

21] Klos KJ, Ahlskog JE, Josephs KA, Fealey RD, Cowl CT, Kumar N. Neurologic
spectrum of chronic liver failure and basal ganglia T1 hyperintensity on mag-
netic resonance imaging: probable manganese neurotoxicity. Arch Neurol
2005;62:1385–90.

22] Barron TF, Devenyi AG, Mamourian AC. Symptomatic manganese neurotoxicity
in  a patient with chronic liver disease: correlation of clinical symptoms with
MRI  findings. Pediatr Neurol 1994;10:145–8.

23] Ardizzone G, Arrigo A, Schellino MM,  Stratta C, Valzan S, Skurzak S. Neurological
complications of liver cirrhosis and orthotopic liver transplant. Transplant Proc
2006;38:789–92.

24] Pleban PA, Pearson KH. Determination of manganese in whole blood and serum.
Clin Chem 1979;25:1915–8.
25] Bowler RM, Koller W,  Schulz PE. Parkinsonism due to manganism in
a  welder: neurological and neuropsychological sequelae. Neurotoxicology
2006;27:327–32.

26] Perl DP, Olanow CW.  The neuropathology of manganese-induced Parkinsonism.
J  Neuropathol Exp Neurol 2007;66:675–82.

[

 in Medicine and Biology 25 (2011) 225– 229 229

27] Burkhard PR, Delavelle J, Du PR, Spahr L. Chronic parkinsonism associated with
cirrhosis: a distinct subset of acquired hepatocerebral degeneration. Arch Neu-
rol  2003;60:521–8.

28] Montesinos Balboa JE, Altuzar GM, Benitez CF. Alcoholism during preg-
nancy: an underestimated health problem. Ginecol Obstet Mex  2004;72:
508–14.

29] Aschner M,  Guilarte TR, Schneider JS, Zheng W.  Manganese: recent advances
in understanding its transport and neurotoxicity. Toxicol Appl Pharmacol
2007;221:131–47.

30] Montes S, Riojas-Rodriguez H, Sabido-Pedraza E, Rios C. Biomarkers of man-
ganese exposure in a population living close to a mine and mineral processing
plant in Mexico. Environ Res 2008;106:89–95.

31] Mergler D, Baldwin M.  Early manifestations of manganese neurotoxicity in
humans: an update. Environ Res 1997;73:92–100.

32] Kim E, Kim Y, Cheong HK, Cho S, Shin YC, Sakong J. Pallidal index on MRI  as
a  target organ dose of manganese: structural equation model analysis. Neuro-
toxicology 2005;26:351–9.

33] Shin YC, Kim E, Cheong HK, Cho S, Sakong J, Kim KS. High signal intensity on
magnetic resonance imaging as a predictor of neurobehavioral performance of
workers exposed to manganese. Neurotoxicology 2007;28:257–62.

34] Gunsar F, Raimondo ML,  Jones S, Terreni N, Wong C, Patch D. Nutritional status
and prognosis in cirrhotic patients. Aliment Pharmacol Ther 2006;24:563–72.

35] Forman LM,  Lucey MR.  Predicting the prognosis of chronic liver disease: an
evolution from child to MELD, Mayo End-stage Liver Disease. Hepatology
2001;33:473–5.

36] Pagliaro L. MELD: the end of Child-Pugh classification? J Hepatol
2002;36:141–2.

37] Rahelic D, Kujundzic M,  Romic Z, Brkic K, Petrovecki M.  Serum concentration of
zinc, copper, manganese and magnesium in patients with liver cirrhosis. Coll
Antropol 2006;30:523–8.

38] Baldwin M,  Mergler D, Larribe F, Belanger S, Tardif R, Bilodeau L. Bioindicator
and exposure data for a population based study of manganese. Neurotoxicology
1999;20:343–53.

39] Kondakis XG, Makris N, Leotsinidis M,  Prinou M,  Papapetropoulos T. Possible
health effects of high manganese concentration in drinking water. Arch Environ
Health 1989;44:175–8.

40] Rodriguez-Agudelo Y, Riojas-Rodriguez H, Rios C, Rosas I, Sabido PE, Miranda J.
Motor alterations associated with exposure to manganese in the environment
in  Mexico. Sci Total Environ 2006;368:542–56.

41] Thuluvath PJ. Higher prevalence and severity of hepatic encephalopathy
in patients with HCV cirrhosis and diabetes mellitus: is presence of auto-
nomic neuropathy the missing part of the puzzle? Am J Gastroenterol
2006;101:2244–6.

42] Zoni S, Albini E, Lucchini R. Neuropsychological testing for the assess-
ment of manganese neurotoxicity: a review and a proposal. Am J Ind Med
2007;50:812–30.

43] Fabiani G, Rogacheski E, Wiederkehr JC, Khouri J, Cianfarano A. Liver trans-
plantation in a patient with rapid onset parkinsonism-dementia complex
induced by manganism secondary to liver failure. Arq Neuropsiquiatr 2007;65:
685–8.

44] Lazeyras F, Spahr L, DuPasquier R, Delavelle J, Burkhard P, Hadengue A. Persis-
tence of mild parkinsonism 4 months after liver transplantation in patients with

preoperative minimal hepatic encephalopathy: a study on neuroradiological
and blood manganese changes. Transplant Int 2002;15:188–95.

45] Stewart CA, Malinchoc M,  Kim WR,  Kamath PS. Hepatic encephalopathy as a
predictor of survival in patients with end-stage liver disease. Liver Transplant
2007;13:1366–71.


	Blood manganese levels in patients with hepatic encephalopathy
	Introduction
	Methods
	Subjects
	Clinical evaluation
	Laboratory
	Manganese
	Statistical analysis

	Results
	Discussion
	Conclusions
	Conflict of interest
	Acknowledgements
	References


