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Abstract  

Relaxometry revealed changes in the basal ganglia in T~ and T 2 relaxation times due to liver disease. Manganese is probably 
responsible for T~ and T~ shortenin,, (as the concentration is known to be hi~her in both the liver and blood due to hepatic 
cirrhosis). The aim of this study was to follow possible recovery after liver transplantation by MR relaxometry. Together with a 
group of 20 healthy volunteers we scanned 53 patients before and after liver transplantation (some of them repeatedly). Both T~ 
and T 2 values were evaluated in the basal ganglia, thalamus, and frontal white matter. Tj relaxation timewas shortened by approx. 
20-" .... " ._o/,, compared to the control group, probably the result of manganese deposition in the brain caused by hepatic cirrhosis. 
Alter liver transplantation the relaxation time recovered gradually with almost normal values reached approx. 2 years after 
surgery. T~ recovery was observed in all evaluated structures. Similar results were observed with T~_ relaxation in the basal ,,,,an,,li,,~ .... 
and thalarnus. In the white matter T 2 remained low even 2 years after surgery. (�9 2001 Elsevier Science B.V. All rights reserved. 

Kevwor&': Hepatic cirrhosis; Liver transplantation; Brain; MR relaxometry 

1. Introduction 

Signal alterations in the brains of patients suffering 
from hepatic cirrhosis have been reported with com- 
puted tomography (CT) [1] and later with magnetic 
resonance images (MR) [2]. Changes in the signal inten- 
sity were observed in both T~- and T2-weighted images, 
particularly in the globus pallidus [3] which appears 
hyperintense on T~-weighted scans due to strong T~ 
shortening. Similar changes have also been reported for 
patients suffering from other chronic liver diseases 
(with or without encephalopathy), in long-term par- 
enteral nutrition, and in occupational manganese (Mn) 
toxicity [4]. 

The origin of such changes in the basal ganglia were 
evaluated by T~ and T 2 relaxometry, which confirmed 
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that signal intensity changes arise from alterations inT~ 
and T 2 relaxation times [3]. Substantial changes were 
found, especially in the basal ganglia, cortex, and white 
matter. Thus, the T~-, T2-shortening of relaxation times 
is believed to be caused by some paramagnetic sub- 
stance, which could be shunted away from the liver. 
We, like many other authors [3,5-8] speculated that 
(based on the T~/T2 alteration ratio, [3]) the agent 
responsible for the alteration is probably Mn. 

Increased levels of Mn have been reported post- 
mortem in specific brain areas [5-7]. Similarities be- 
tween Mn neurotoxicity and chronic hepatic 
encephalopathy suggest that this metal may have a role 
in pathogenesis. This hypothesis was confirmed by 
Rose et al. [8] who proved, both in an animal model 
and also in humans, that liver dysfunction results in 
Mn deposition in the basal ganglia. Higher Mn concen- 
trations were also bound in the brain and blood of 
cirrhotic and portocaval-shunted rats. The Mn concen- 
tration was elevated by 186% in the globus pallidus, by 
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66% in the putamen, and by 54% in the caudate nucleus 
in patients suffering from liver cirrhosis compared to 
controls. 

Besides metabolic problems, liver cirrhosis also af- 
fects the mental ability of the patient. Fortunately, 
chronic encephalopathy as a complication of cirrhosis is 
reversible by liver transplantation [9]. The goal of our 
study was to follow the recovery of the relaxation times 
after transplantation for longer than 24 months using in 
vivo MR relaxometry. 

2. Methods 

2. I. Subjects 

The study group consisted of 53 patients with hepatic 
cirrhosis of various (mostly alcoholic and/or hepatitis) 
etiology (for group overview see Table 1). Patients' age 
varied from 9 to 63 years, mean 45 _+ 13 years. Only 
subclinical or very mild encephalopathy was observed 
in these patients. 

Although all patients were diagnosed for liver trans- 
plantation (Child-Pugh score varied from 8 to 12), 
only 40 subjects underwent transplantation. Biopsy ex- 
amination performed 1 year after surgery proved that 
the liver in all transplanted patients had normal  histol- 
ogy and organ function. 

After transplantation, a standardized immunosup- 
pression protocol was utilized [10]. This consisted of an 
induction and maintenance phase. Immunosuppression 
induction began the same day as surgery and consisted 
of ciclosporine A (CsA) orally, methylprednisolone in- 
travenously, azathioprine orally, and anti-T- 
lymphocyte globulin (ATG, Fresenius, Munich, 
Germany) intravenously for the first 7 days.-During the 
maintenance phase, adjusted doses of CsA and pred- 

Table 1 
Diagnosis of the studied subjects 

Diagnosis No. of patients 

Alcoholic and/or toxic cirrhosis 10 
Primary or secondary biliary cirrhosis 9 
Hepatitis type B and/or C cirrhosis (HBV 7 

and/or HCV) 
Alcoholic and HBV and/or HCV cirrhosis 6 
Primary sclerosing cholangitis 6 
Autoimmune cirrhosis 3 
Epithelial haemangioendothelioma 2 
Budd-Chiari syndrome 1 
Haemochromatosis 1 
Congenital liver fibrosis 1 
Secondary fibrosis 1 
Alpha- 1-antitrypsin deficiency 1 
Cryptogenic cirrhosis 5 
Total 53 

nisone were used. Azathioprine was continued depend- 
ing on patient's tolerance. After a rejection episode or 
decreased renal function patients received mycopheno- 
late mofetil orally, which in turn enabled a CsA dose 
reduction. 

Twenty-nine patients were scanned before, 12 pa- 
tients 0 -3  months after surgery, seven patients 3-12 
months after, 11 patients 1-2 years after, and 18 pa- 
tients more than 2 years after surgery. Eighteen patients 
were scanned repeatedly two or more times, but only 
nine of them within a period longer than 2 years. 

For comparison, we scanned a group of 20 healthy 
volunteers, age of the controls varied from 20 to 65 
years, mean age was 40 _+ 13 years. 

2.2. T~ and T 2 measurement 

We used a 1.5 T whole body imager Siemens Magne- 
tom-Vision equipped with a commercial tuned and 
matched CP head coil. After a standard localization 
procedure by turbo spin echo sequences (5-mm 
transversal and coronal slices: repetition time TR = 5.4 
s, echo time TE = 99 ms, flip angle = 180 ~ field of view 
FOV = 300 x 300 mm, matrix size" 154 x 256; 5-ram 
sagittal slices: TR = 700 ms, TE = 12 ms, flip angle = 
180 ~ FOV = 260 x 260 mm, matrix size: 216 x 256) a 
5-mm thick axial slice at the level of the basal ganglia 
was measured using the following sequences: 
1. For TI measurement a series of T~ weighted images 

(saturation recovery) with repetition time TR vary- 
ing from 100, 200, 400, 600, 800, 1000 and 1500 ms, 
and an echo time TE = 22 ms was used with a field 
of view FOV 195 x 260 mm and a matrix 154 x 256: 

2. For T, measurement a modified 16-echo CPMG 
sequence with TR = 2 s, TE =22.5,  45, 67.5 .... ,360 
ms was used, the field of view and matrix size was 
the same as in T�91 measurement. 

T~ was evaluated using a three-parameter fittin~ (e.,, 
an equation I =  A * ( 1 - e x p ( - T R / T ~ ) ) +  B), similarly 
T2 was calculated using a three-parameter fitting (fit to 
I = A * e x p ( -  TE/T2) + B). Because of the error caused 
by imperfect pulses (CPMG compensates the cumula- 
tive error caused by imperfect pulses by phase shift of 
the refocusing pulses; however, it cannot compensate 
the first echo), the first point was omitted. Calculations 
and T~ and T2 maps were obtained using a homemade 
program written in Turbo Pascal [11]. Values of T~ and 
T2 were obtained from regions of interest (ROI) se- 
lected in the caudate nucleus (NC), putamen (Put), 
globus pallidus (GP), thalamus (Th), and frontal white 
matter (WM). The selected slice and regions of interest 
are displayed in Fig. 1. The size of the regions of 
interest was approximately: NC 100 mm 2, Put 
190 mm 2, GP - -  90 mm 2, Th - -  240 rnm 2, WM 280 
mme. 
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Fig. 2. Tt values in different structures bet\are and al'ter liver transplantation compared to healthy controls. 

nificant in comparison with the values obtained one 
year after liver transplantation. The decrease reached 
2 -3% and thus does not exceed experimental error. 

We observed similar but not so pronounced results in 
the T,_ relaxation in the basal ~a,,' n~lia,, and thalamus. 
The evaluation here is more complicated because of the 
existence of age dependence of T2 relaxation times in 
these structures. T2 is much more susceptible to changes 
due to age. The concentration of paramagnetic iron 
(especially in the form of l~erritin), which is also respon- 
sible for the relaxation time shortening, and which is 
deposited preferentially in the basal ganglia, increases 
in certain brain structures with age [13,14]. Thus, we 
had to divide both the patient and control groups into 
subgroups according to age. Such an approach makes 
the statistical evaluation more controversial. Two sub- 
groups in each group were created" patients (or con- 
trois) between 20 and 40 years, and those over 40 years. 
However, the two groups (0--.3 months) and (4---12 

months) were too small for a meaningful analysis, we 
pooled them and created for each age category a sub- 
group of patients 0-12 months (scanned after 
t ranspla n ta tion ). 

We observed a significant decrease of T 2 relaxation 
times due to liver disease in both subgroups in the basal 
ganglia and thalamus, and a subsequent recovery of  T 2 

alter transplantation both in younger and older subjects 
(see Table 3a and Table 3b). However, the recovery 
seems to be slower than in T l, especially in younger 
(below age of 40) subjects. Also, a relative drop of Te 
due to cirrhosis seems to be greater in younger patients. 

These findings were confirmed by t-test calculations. 
As expected, statistically significant differences of T2 

values, in the basal ganglia and thalamus between 
controls and patients before transplantation for both 
age categories, were found. Basal ganglia values ob- 
tained within 1 year of  transplantation significantly 
differ fl, om controls only in subjects below the age of 
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Table 3 
(a) T 2 values (average values with standard deviations, in ms)before and after liver transplantation compared to healthy controls, subjects' age 
20-40 years 

Globus pallidus Putamen Caudate nucleus Thalamus White matter 

Controls 70.4 + 2.4 82.8 _+ 2.1 91.8 + 2.7 82.1 + 2.5 84.9 + 4.2 
Before transplantation 68.3 + 6.3" 77 4- 1.7" 87.0 + 2.8" 77.8 _ 2.2" 81.9 _ 6.6 
0-12 Months alter 67.1 _+ 4.8 ~ 78.8 + 4.4 ~ 86.5 4- 4.6" 79.5 + 3.7 77.4 ~' + 6.2 
12-24 Months alter 71.0 4- 5.4 81.8 + 3.2 91.4 + 3.5 82.8 _ 2.3 78.6" +_ 0.7 
> 24 Months after 71.4 __. 1.1 82.3 + 1.8 89.2 +_ 2.9 83.3 + 0.5 80.1" + 1.6 

(b) T2 values (average values with standard deviations, in ms) before and after liver transplantation compared to healthy controls, subjects' 
age 41 years and over 

Globus pallidus Putamen Caudate nucleus Thalamus White matter 

Controls 68.9 _+ 4.8 79.4 + 2.7 88.5 4-_ 3.6 81.4 _+ 2.1 84.5 _+ 4.7 
Before transplantation 66.2 + 3.9" 77.1 + 2.8" 86.2 _4- 3.2 " 79.5 _+ 3.0" 83.6 _4- 6.3 
0-12 Months after 69.2 _+ 6.0 78.3 +_ 3.3 87.2 4- 3.3 81 4- 2.2 87.6 + 5.1 ~ 

"~ ) . . . .  82.4 + 2.5 82.7 + 4.2 I~-_4 Months after 71.0 + 3.2 79.9 + 2.5 88.6 + 3 7 _ _ 
>24 Months after 71.7 +_ 3.1" 78.4 + 3.4 88.4 + 3.2 83.3 _ 2.7 '' 81.3 _+ 3.6" 

" Significantly differs compared to controls, P<0.05. 

40, whereas the group of patients over 40 show no 

significant difference compared  to controls. The values 
obta ined  alter  this period (i.e., 1 year or more  after 

surgery) do not  differ in any age category from con- 

trois. Most  T~ values remained stable, however,  two 

patients exhibi ted ano ther  substantial  increase in the 

relaxat ion time in the globus pallidus and thalamus 

more  than  two years alter liver t ransplanta t ion.  There 

is no explanat ion for this observat ion,  it may possibly 

be a t t r ibuted  to experimental  error  (it of  course signifi- 

cantly affects the average  values listed in Table 3b). 

Unexpectedly,  no recovery o f  T2 relaxation time was 
t'ound in white mat ter ,  a l though recovery was observed 

in T~. Moreover ,  W 2 significantly decreased with time: 

a l though  there is no statistically significant difference in 

T2 between the group  of  patients scanned before trans- 

p lan ta t ion  and controls ,  values obta ined a long time 

al ter  surgery were significantly different f r o m  controls.  

Manganese  is considered a possible etiological agent 

for relaxat ion time al terat ions in basal ganglia and 

tha lamus  of  patients  suffering f r o m  liver disease [3]. It 

has been shown that  mangenese  is shunted away fi'om 

the liver and its concen t ra t ion  increases in patients  with 

a liver failure bo th  in the brain and in b lood [6-8]. 

Nevertheless,  the unusual  t rend in T2 in the white 

ma t t e r  after liver t ransplan ta t ion  leads us to hypothe-  

size that  manganese  is not  solely responsible for the 

al terat ions in relaxat ion times in the brain. If T~ relax- 

a t ion time shor tening was caused solely by a pararnag- 

netic form of  manganese  (or any o ther  paramagnet ic  

substance),  it would  also shorten T2. 
Al terat ions  in T2 in the white mat ter  observed a long 

time after liver t ransp lan ta t ion  indicate that  either man-  

ganese changes its form and becomes non-soluble  (thus 

invisible in TI maps), or some other  agent (phospho-  

lipids, suggested in [15], or unknown  so far) is present, 

or perhaps some pe rmanen t  morphological  changes 

occur in the white matter .  

Though,  we must  stress that  patients are dependent  

on immunosuppresan t s  al ter  t ransplanta t ion,  which are  

potential ly neurotoxic  and could particularly influence 

white matter.  Thus, T 2 relaxat ion could be affected by 

the immunosuppress ion .  

Results obta ined from repeated  measurements  of sin- 

gle patients roughly follow the general t rends seen with 

average values. Seven pat ients  f rom nine, scanned for a 

period of  at least 2 years, showed an evident recovery 

of  relaxation times in the basal ganglia and tha lamus  

al ter  liver t ransplanta t ion ,  whereas  the behavior  of T2 

in the white mat te r  is very ambiguous  (see Fig. 3, a 
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patient 41 years old when transplanted, cirrhosis of [31 
hepatitic B and C etiology). We can conclude that the 
results obtained from the gray matter in the brain of [4] 
individual patients generally confirm the trends demon- 
strated in the pooled data. 

4. Conclusion 

is] 

[61 

No significant difference in brain relaxation times 
between the groups of patients with cirrhosis of differ- [7] 
ent etiology was found. 

We tracked the recovery of relaxation times T~ and 
T2 in the brain after liver transplantation. We proved [81 
that changes in the.basal ganglia and thalamus are fully 
reversible within a period of 2 years. Nevertheless, 
results obtained in white matter indicate that perma- 
nent morphological and/or biochemical changes cannot [9] 
be excluded. 
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