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Abstract

Chronic acquired hepatocerebral degeneration (CAHD) is a rare neurological disorder of cirrhotic
patients, characterized by parkinsonism and cognitive impairment. A T1 hyperintensity on the globus
pallidum due to an accumulation of manganese (Mn) is found in these patients. The aim of the study
was to investigate CAHD, Mn and the MRI pallidal signal in a series of cirrhotic patients. The
association between pallidal T1 hyperintensity, CAHD, and blood levels of Mn, the effect of
orthotopic liver transplantation (OLT) on the MRI signal and neurological findings, and the role of
the pallidal signal as a predictor of CAHD were evaluated. Twenty-six out of 90 patients with
cirrhosis had pallidal T1 hyperintensity. Seven patients had CAHD. OLT was followed by the
disappearance of CAHD and MRI signal in 2/2 patients. The MRI signal disappeared after OLT in
8/13 patients after a median follow-up time of 24 months. In the patients who did not undergo OLT,
CAHD did not present after a median follow-up time of 18 months. The cause of cirrhosis, episodes
of acute hepatic encephalopathy and signal intensity were not correlated with CAHD. The blood
levels of Mn did not reflect either the MRI signal or CAHD. In conclusion, the pallidal T1
hyperintensity is a prerequisite for the clinical manifestations of CAHD but is not sufficient. The
blood levels of Mn as routinely monitored are not a useful marker of Mn burden. The MRI pallidal
signal is not a predictor of CAHD.
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Introduction

Chronic acquired hepatocerebral degeneration (CAHD) is a neurological disorder characterized by
parkinsonism and cognitive impairment [1]. CAHD accompanies chronic liver failure when
associated with cirrhosis and is poorly responsive to levo-dopa treatment. The condition is rare and
the prevalence of CAHD in patients with cirrhosis is approximately 2 % [2].

A T1 hyperintensity of the globus pallidum is found in the brain MRI of most patients with CAHD
[3, 4]. Elevated concentrations of manganese (Mn) in the basal ganglia have been measured in patients
with liver diseases [5] and are consistent with the basal ganglia hyperintense signal in the T1-weighted
MRI [6]. The role of Mn as the origin of the MRI signal is also supported by its preferential
accumulation in the globus pallidum of manganese-intoxicated monkeys [7]. In addition, chronic Mn
intoxication in humans, secondary to professional exposure, is responsible for Mn accumulation in
the basal ganglia, pallidal T1 hyperintensity on MRI and development of a parkinsonian syndrome

[8].

A similar pallidal T1 hyperintense signal is also reported in the brain MRI of patients with chronic
liver diseases that have no central nervous system symptoms [9]. The resolution of both the T1
hyperintense signal and CAHD after orthotopic liver transplantation (OLT) is reported in anecdotic
cases [9-14].

Chronic acquired hepatocerebral degeneration, Mn, and MRI pallidal signals in patients with chronic
liver failure thus seem to be interconnected, but the correlation between the MRI signal and CAHD
in a series of liver patients has not been evaluated. There is little information on the long-term follow-
up of liver patients with a brain MRI signal in the globus pallidus. The possible role of the T1 signal
as a predictor of CAHD also has not been addressed.

The aim of the present study was to observe a large series of patients affected by chronic liver disease
with cirrhosis. The following were evaluated in this study: the association between pallidal T1
hyperintensity, CAHD, and blood levels of Mn; the effect of liver transplantation on the MRI signal
and neurological findings; and the possible role of the pallidal signal as a predictor of CAHD.

Patients and methods

Patients with pallidal T1 hyperintensity as revealed by brain MRI were selected out of the liver
patients that were consecutively referred to the Transplant Neurology Clinic over the time period
2005-2012. A brain MRI was performed as part of the diagnostic work-up in some patients; other
referred patients had previously received a brain MRI for variable reasons. The neurological
examination of the patients was specifically aimed to assess and graduate movement disorders. The
severity index of 13 signs and symptoms (see Table 2) was expressed by a grade of 3; the maximum
global impairment was 35. Functional imaging by SPECT and PET was performed when necessary
for the diagnosis. The neuropsychological examination investigated cognitive domains, such as
attention, memory and language, as suggested for liver patients [15]. The texts shown in Table 6 were
employed.

This type of study did not permit a standardized analysis of the signal intensity. We were not able to
objectively quantify the T1-weighted pallidal signal by the pallidal index [16] because the images
were produced at different times and in different systems. The intensity of the T1-weighted bilateral
pallidal signal, which was absent in the T2-weighted images, was subjectively evaluated by a
neuroradiologist without prior knowledge of the patient’s condition. The intensity of the signal was
graded as “—” when absent, “+” when visible, “++” when intense, and “+++ when very intense.
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The blood manganese concentrations were determined by atomic absorption spectrometry [17]. The
concentration in controls was 0.43—2.86 ug/L (value provided by the laboratory).

The patients’ follow-up included neurological, neuropsychological, and MRI examinations and was
not limited to the subgroup of patients who underwent OLT. The decision to rule patients on or off
the liver transplantation list was made by the hepathologists and was independent from the
neurological condition of the patients.

The time interval between the earliest MRI with a pallidal signal and CAHD presentation was
recorded. In addition, the time between the day of OLT and the day of the last neurological
examination was recorded and ranged from 7 to 166 months (median 33 months). The time between
the day of the earliest MRI with a positive signal and the day of the last neurological examination
was also considered and ranged between 7 and 69 months (median 18 months).

Results

Ninety patients with cirrhosis were referred for a neurological consultation.

The reasons for which the patients were referred to the Neurologic Clinic were either variable
neurological symptoms or signs (such as tremor, pain, weakness, depressive mood, and epileptic
seizures); neurological conditions (such as focal brain lesions, traumatic scars, lacunar infarcts,
vascular malformations, and meningioma); and subacute polyneuropathies or traumatic
mononeuropathies.

In 26 out of 90 patients, the brain MRI showed bilaterally increased signal intensities at the globus
pallidus in the T1-weighted image, which was absent in the T2 images. The pallidal signal change
was visible in the sagittal and axial sequences (Fig. 1 a, b).
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Fig 1. T1-weighted images of brain MRI showing bilateral pallidal hyperintensity in Patient 10; a sagittal image, b axial
image.

The cause of cirrhosis was viral hepatitis in 18 patients (HBV 3 patients, HCV 14 patients, and HBV
+ HCV 1 patient) and was associated with alcohol abuse in 9 patients. Three patients had alcohol-
related cirrhosis, three patients had cryptogenic cirrhosis, one patient had primitive biliary cirrhosis,
and one patient had fulminant hepatitis due to ingestion of poisonous mushrooms. Seventeen out of



the 26 patients underwent OLT. The transplanted patients (13 males and 4 females) had a median age
of 57 years at the time of OLT (range 43-73 years). Eight out of the 17 patients had experienced
episodes of acute hepatic encephalopathy (HE) at some time during their illness before OLT. Nine
patients (6 males and 3 females) did not undergo OLT. Median age was 54 years and the age range
52-73 years. Episodic acute hepatic encephalopathy occurred in six patients (see Tables 1, 3).

Table 1. Clinical features of seven cirrhotic patients with CAHD.

Patient Age (years)  Sex Cause of cirrhosis HE OLT Symptoms or signs of CAHD
4 59 M HCV Yes Yes Rigidity

Bradykinesia
11 64 M HCV and alcohol abuse  No Yes Postural tremor

Rigidity

Bradykinesia

23 48 M HCV Yes No Resting tremor
Postural tremor
Rigidity
Bradykinesia

26 69 M Alcohol abuse Yes No Resting tremor
Postural tremor
Rigidity
Facial amimia
Oscillation reduction

1 73 M HBV No Yes Resting tremor
Postural tremor
Rigidity
Bradykinesia
Facial amimia
Oscillation reduction
Camptocormia
Small steps walk
Gait disturbance

2 63 M HCV Yes Yes Bradykinesia
Facial amimia
Oscillation reduction

15 61 M HBV and HCV No Yes Postural tremor
Rigidity
Bradykinesia

Facial amimia

HE episodes of acute hepatic encephalopathy
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CAHD

Seven out of 26 patients had signs and symptoms of CAHD (Table 1). The scores of symptoms and
signs are shown in Table 2. The most frequent signs were bradykinesia and rigidity, followed by
tremor and facial amimia; ataxia was not observed in any of the patients. Mental slowness was also
noted; none of the patients were demented.

Table 2. Patients with CAHD: scores of signs.

Patient 11 4 1 2 15 23 26

OLT Yes Yes Yes? Yes? Yes? No No
=R L<R L>R

-
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Py

Symmetry/asymmetry of extrapiramidal signs R=L R>L R=L

o
N
o
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Resting tremor
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Postural tremor
Rigidity
Bradykinesia

Facial amimia
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Small steps walk
Dysarthria

Ataxia

O O O N N N N D DN
O O O O O N NN o N

Dystonia

O O O O O O N NDMDM NMD o o

Gait disturbance (0-1)°

[EEN
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0
Oscillation reduction 0
0
0
0
0
0
0
0
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Falls (0-1)°
Total 5/35 3/35 18/35 7/35 8/35 9/35 9/35

1 1 0

3CAHD presenting after OLT. L left, R right. 0 = absent; 1 = mild; 2 = moderate; 3 = severe; (maximum global
impairment = 35)
b0 = absent, 1 = present

Two patients with CAHD subsequently received a liver transplantation and the resolution of the signs
and symptoms was recorded after OLT. Two patients with CADH did not undergo OLT. The two
transplanted patients had moderately lower neurological scores before OLT than the others: 3-5/35
versus 9/35 and they were asymptomatic after OLT (Table 2).

In three patients, the signs and symptoms of CAHD (score 7/35, 8/35, and 18/35), and concomitant
pallidal T1 hyperintensities presented at a variable time distance after OLT (37-103 months); the
pallidal signal was not visible in their pre-OLT brain MRI. Only 1 out of 3 was reported to have
dysfunction of the transplanted liver concomitant with the presentation of CAHD and the MRI signal.
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In the other 19 patients, neither signs nor symptoms associated with CAHD were found along the
time period to follow-up (769 months, median 18 months). The characteristics of the 19 patients
with T1-weighted pallidal signal and without CAHD are shown in Table 3.

Table 3. Clinical features of 19 cirrhotic patients without CAHD.

Patient Age Sex Cause of cirrhosis HE OLT Symptoms or signs of
(years) CAHD
3 60 M Crvptoaenic No Yes No
5 46 F HCV and alcohol abuse Yes Yes No
6 54 F HCV and alcohol abuse Yes Yes No
7 58 M HCV and alcohol abuse No Yes No
8 68 F Primary biliary cirrhosis No Yes No
9 48 M HCV and alcohol abuse No Yes No
10 71 M HCV Yes Yes No
12 61 M HBV No Yes No
13 45 M HCV and alcohol abuse Yes Yes No
14 56 M HCV Yes Yes No
16 50 M HCV and alcohol abuse No Yes No
17 43 F Fulminant hepatitis Yes Yes No
18 54 F Cryptogenic No No No
19 73 F Cryptogenic Yes No No
20 58 M HCV No No No
21 52 M Alcohol abuse No No No
22 53 M HCV and alcohol abuse Yes No No
24 55 F Alcohol abuse Yes No No
25 47 M HBV and alcohol abuse Yes No No

HE episodes of acute hepatic encephalopathy

Semiquantitative analysis of signal intensity in relation to CAHD and OLT

The intensity of the MRI signal in the 26 patients is shown in Table 4. In the seven patients with
CAHD, the intensity ranged from “visible” to “intense”, while in patients without CAHD the intensity
ranged from “visible” to “very intense” (Table 4). In transplanted patients, the signal intensity before
OLT ranged from “visible” to “very intense” (Table 4). After OLT, the pallidal signal disappeared in
8 out of 13 patients (see an example in Fig. 2). In five transplanted patients, the MRI signal was still
visible at the last follow-up (Table 5).
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Table 4. Intensity of MRI T1 pallidal signal in 26 patients.

Patient Signal intensity before OLT  Signal intensity after OLT Signs and symptoms of CAHD

4 ++ - Yes
11 ++ - Yes
23 + No OLT Yes
26 + + Yes?
1 - + Yes?
2 - + Yes?
15 - No OLT Yes
8 ++ - No
9 +++ - No
10 ++ - No
5 ++ - No
6 + - No
7 + - No
12 ++ ++ No
13 ++ ++ No
14 ++ ++ No
3 + + No
16 + + No
17 - ++ No
18 ++ No OLT No
19 +++ No OLT No
20 ++ No OLT No
21 + No OLT No
22 + No OLT No
24 + No OLT No
25 + No OLT No

— = absent; + = visible; ++ = intense; +++ = very intense
aCAHD presenting after OLT
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Fig 2. T1-weighted brain MRI of Patient 4, before OLT (upper images), and 9 months after OLT (lower images).

Table 5. Time of disappearance of CAHD and/or pallidal MRI signal in the patients who underwent OLT.

Patient 4 11 8 9 10 5 6 7 12 13 14 3 16

Resolution of signal after OLT Yes Yes Yes Yes Yes Yes Yes Yes No No No No No
Time of resolution of signal 9 29 78 13 78 24 15 5 - - - = -

after OLT (months)
CAHD before OLT Yes Yes No No No No No No No No No No No
Time of resolution of CAHD 9 17 - - - - - - - - - — -
after OLT (months)

Follow-up time longer than24 Yes Yes Yes Yes Yes Yes Yes Yes No No No No No

months
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Analysis of time intervals between the MRI signal, CAHD and OLT

In all the patients, a temporal overlap of the appearance of the MRI signal and presentation of CAHD
before OLT was recorded. In the three patients with CAHD presenting after OLT, the pallidal T1
hyperintensity presented at the same time as the neurological manifestations of CAHD.

The time of resolution of CAHD and/or pallidal signal after OLT is shown in Table 5. The
neurological manifestations improved at 9 and 17 months after OLT, concomitant with, or earlier
than the pallidal signal.

In the six transplanted patients without CAHD, the pallidal signal disappeared 13—-78 months after
OLT (median 24 months). The follow-up time of the five patients with a persisting pallidal signal
after OLT was shorter than 24 months (Table 5).

Neuropsychological status and MRI signal

Nine patients received a structured neuropsychological assessment (Table 6). Seven patients (10, 4,
6,9, 5, 7, 8) belonged to the subgroup in which the MRI signal had disappeared after OLT and were
tested after OLT. Patient 4 had CAHD before OLT. Two patients (1 and 19) had the MRI signal at
the time of neuropsychological assessment; patient 1 had CAHD.
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Table 6. Neuropsychological evaluation of nine patients.
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All patients had minor impairment in the attentional domains; Patients 1 and 19 showed a greater

impairment in both attentional and executive domains than the other patients.

Mn levels in blood and MRI signal

The blood levels of Mn were analyzed in 12 patients. The values ranged from 0.46 to 2.34 pg/L and
were within the normal range (Table 7).

Table 7. Blood level of manganese in 12 patients.

Patient Blood levels of manganese (pg/L) CAHD* MRI Signal*
1 2.34 Yes +
2 1.14 Yes +
6 0.46 No -
11 0.56 No -
8 0.59 No -
4 0.75 No -
5 0.82 No -
16 1.04 No +
7 1.17 No -
10 1.59 No -
9 1.78 No -
19 1.24 No +

Normal range of manganese blood levels: 0.43-2.86 pg/L
*At the time of Mn analysis

At the time of Mn analysis, two patients had CAHD and the pallidal signal, two patients had the
pallidal signal and no symptoms of CAHD, and eight patients had no pallidal signal.

Discussion

Determining the association of pallidal T1 hyperintensity with CAHD, blood levels of Mn and OLT
over a long follow-up time in a large series of cirrhotic patients has not yet been reported.

Although a statistical analysis of the results is not reliable in such a small number of patients, some
conclusions can be drawn. The hyperintense pallidal MRI signal is a necessary prerequisite for the
clinical manifestations of CAHD, but it is not sufficient. The MRI pallidal signal is not predictive
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of CAHD. The liver transplantation attenuates and, in the long run, cancels the MRI signal and can
be beneficial in CAHD. The blood levels of Mn, as routinely assessed, do not reflect the MRI signal
or the neurological sequelae of CAHD. The MRI signal can correspond to an isolated minor
impairment of frontal executive functions when specifically tested.

These observations in a large series confirm the observations that were previously reported in
isolated few patients (9—14) and can be of help in the clinical evaluation of candidate to OLT.

In our study, the prevalence of CAHD within the group of patients with a pallidal signal in a brain
MRI is 26 %. This value is lower than the prevalence reported in a series of differently recruited
liver patients, which was 43 % [9]. In both reports, a large subgroup of patients with a typical MRI
signal does not have CAHD.

It is believed that Mn accumulation in the basal ganglia is responsible for the MRI signal [16, 18,
19]. The portosystemic shunting in cirrhotic patients may be responsible of this accumulation, by
increasing the exposure of brain tissue to Mn. What is unknown is whether the pallidal T1
hyperintensity indicates intoxication or is an adaptive process of detoxification of ammonium by
astrocytes [16]. However, evidence directly linking Mn with neurological symptoms in cirrhotic
patients is scarce [18, 19]. Our results do not support a direct link.

On one end, the temporal overlap between the presence of signal and CAHD in the present series
of patients confirms the link between Mn in the basal ganglia and CAHD. On the other end, the
persistence of the neuroimaging abnormality in patients for several months after OLT as well as in
non-transplanted patients, which is not accompanied by presence of neurological symptoms and
signs, shows that the pallidal hyperintensity neither warrants nor predicts CAHD. The cause of
cirrhosis, episodes of acute hepatic encephalopathy and intensity of the signal do not appear to be
factors promoting the development of CAHD in our series of patients.

The pathogenesis of CADH still has some unknown components, even if Mn in the basal ganglia is
involved [13]. Liver failure seems to be directly responsible for both Mn accumulation and the MRI
signal: CAHD has not been reported in the absence of the MRI T1 pallidal signal. Liver
transplantation is effective in attenuating or eliminating CAHD, as previously reported [11].
Cirrhosis is therefore involved in the pathogenesis of CAHD via Mn accumulation in the basal
ganglia [5], but additional undefined events lead to an overt CAHD. The recurrence of CAHD after
OLT and the occurrence of a novel CAHD after OLT are very rare [13, 20]. In the present study,
three patients with a novel CAHD after OLT were observed, confirming this new condition. The
failure of the transplanted organ may be responsible, even if no severe synthetic dysfunction of the
graft is demonstrated.

From a practical point of view, our study confirms the futility of using serum Mn levels as an index
of the Mn body burden and accumulation in the basal ganglia, as already suggested [5, 18]. Mn
blood levels do not predict the presence of a neurological disease [18]. What is notable is that
technical bias may interfere. While blood Mn levels correlate with signal intensity [18], the plasma
Mn concentration does not correlate with the signal intensity on the T1-weighted MRI in patients
with cirrhosis [6]. Therefore, the utility of a low Mn diet for patients with chronic liver failure for
the prevention of CAHD is not supported.
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