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Abstract
AIM: To evaluate the spatial distribution of cerebral 
abnormalities in cirrhotic subjects with and without 
hepatic encephalopathy (HE) found with magnetization 
transfer imaging (MTI).

METHODS: Nineteen cirrhotic patients graded from 
neurologically normal to HE grade 2 and 18 healthy 
control subjects underwent magnetic resonance imaging. 
They gave institutional-review-board-approved written 
consent. Magnetization transfer ratio (MTR) maps 
were generated from MTI. We tested for significant 
differences compared to the control group using 
statistical non-parametric mapping (SnPM) for a voxel-
based evaluation.

RESULTS: The MTR of grey and white matter was 
lower in subjects with more severe HE. Changes were 
found in patients with cirrhosis without neurological 
deficits in the basal ganglia and bilateral white matter. 
The loss in magnetization transfer increased in severity 
and spatial extent in patients with overt HE. Patients 
with HE grade 2 showed an MTR decrease in white 
and grey matter: the maximum loss of magnetization 
transfer effect was located in the basal ganglia [SnPM 
(pseudo-)t  = 17.98, P  = 0.0001].

CONCLUSION: The distribution of MTR changes in 
HE points to an early involvement of basal ganglia and 
white matter in HE.
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INTRODUCTION
Hepatic encephalopathy (HE) is a frequent complication 
of  liver cirrhosis, which is characterized by sleeping 
disorders, asterixis, and deficits in motor skills and 
reaction time. Twenty to eighty percent of  patients with 
cirrhosis suffer from minimal HE (mHE)[1]. Five years 
after the diagnosis of  mHE, 26% of  patients with liver 
cirrhosis have episodes of  overt HE. This condition is 
associated with a poor prognosis[2].

Studies using magnetization transfer contrast imaging 
(MTI) have demonstrated a decrease in the magnetization 
transfer ratio (MTR) in the brains of  cirrhosis patients 
with mHE and overt HE[3-10]. MTR decrease in cirrhosis 
has been proposed to be an effect of  astrocytic water re-
tention[5-7,9,10], demyelination[5] and axonal loss[5], in addition 
to changes in blood flow and energy metabolism[9].

MTI has been used successfully to monitor normal-
ization of  cerebral abnormalities in cirrhosis patients 
following liver transplantation[8], and has been shown to 
detect increasing abnormalities following induced hyper-
ammonemia[9]. 
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The cited studies evaluated MTR maps using region-
of-interest (ROI) based analyses. The MTR of  normal 
appearing white matter[5-10] and anatomically defined 
areas of  deep grey matter[3-5,10] have been the subject of  
previous studies on HE. To the best of  our knowledge, 
no systematic evaluation of  the spatial distribution of  
MTR abnormalities in HE has been published so far. 
The purpose of  the present study is to evaluate the 
spatial distribution of  MTI changes caused by central 
nervous system (CNS) abnormalities in HE. 

MATERIALS AND METHODS
Subjects
Approval was obtained from the institution’s review 
board. All patients and volunteers gave written informed 
consent after the neuropsychological tests and magnetic 
resonance imaging (MRI) had been explained fully. 
In this prospective study (for details see Table 1), 19 
patients (14 male and five female) with non-alcoholic 
cirrhosis and 18 age-matched controls (eight male and 
10 female) were included. Cirrhosis was caused by hepatitis 
C (n = 9), hemochromatosis (n = 2), primary chronic 
cholangitis (n = 2), hepatitis B (n = 1), Wilson’s disease  
(n = 1) and cryptogenic cirrhosis (n = 4). 

Subjects with a history of  drug abuse, including 
alcohol, and those suffering from neurological or 
psychiatric diseases were excluded. Also excluded were 
patients who were taking CNS-relevant medications such 
as benzodiazepines, benzodiazepine antagonists and 
antidepressants. Further exclusion criteria were severe 
diseases such as spontaneous bacterial peritonitis, severe 
renal failure, uncontrolled diabetes mellitus or coronary 
heart disease. Since asterixis and hyperreflexia, as well as 
other more severe neurological conditions such as stupor 
or somnolence may interfere with safe and artefact-free 
MRI, patients with higher degrees of  HE (grade 3 or 
4) who also had these conditions were not considered 
for investigation. Also, patients needed to cooperate 
for neuropsychological examination and the patients’ 
willingness represented a limitation in testing subjects 
with HE grade 3 or 4.

The severity of  liver disease was determined according 
to the Child-Pugh-score[11]: patients were graded Child-
Pugh A in nine cases, B in five and C in five.

Neuropsychological examination
Five computerized psychometric neurological tests were 
performed on each patient. The test battery included 
the visual pursuit test, motor performance series, 
Cognitrone, Vienna reaction test and Tachistoscopic 
Traffic Test Mannheim for Screen (TAVTMB) as part of  
the Vienna Test System (Schuhfried GmbH, Mödling, 
Austria, 1999). mHE was diagnosed if  a patient showed 
no clinical overt symptoms of  HE and performed at < 1 
SD below the mean in at least two of  the five computer 
psychometric tests of  the test battery. Cirrhosis patients 
without clinical overt HE who performed at < -1 SD in 
only one of  the tests were graded as having no HE[12]. 
Overt encephalopathy was graded according to the 

West-Haven criteria[13]. Cirrhosis patients were graded 
as no HE in five cases, mHE in three, HE 1 in six and 
HE 2 in five cases (Table 1). 

In order to assess the severity of  HE, the critical flicker 
frequency (CFF) was introduced in 2002. CFF is used in 
the evaluation of  neurological deficits in low-grade HE and 
has been shown to respond readily to an improvement or 
deterioration of  neurological symptoms[12].

CFF was determined in each patient using the Schuh-
fried Test System (Eberhard, G. Schuhfried GmbH, 
Mödling, Austria, 1994). A flickering light of  650 nm 
wavelength and 5.3 mcd was used for intrafoveal stimu-
lation, while the flickering frequency decreased at 
0.5-0.01 Hz/s. The CCF was defined as the frequency 
needed to perceive initially the stimulus as non-contin-
uous. The means of  eight repeat tests were determined 
(Figure 1).

MRI protocol 
All scans were acquired on a 1.5-T clinical scanner (Mag-
netom Vision Plus; Siemens Medical Solutions, Erlan-
gen, Germany) using the standard head coil. MTI was 
performed with two 2D gradient-echo sequences (TR 
700 ms, TE 12 ms, flip angle α = 20°, one acquisition, 
20 slices of  5 mm thickness, 0.5 mm gap), using a matrix 

Table 1  Nineteen patients with cirrhosis and 18 controls 
were enrolled (mean ± SD)

Controls Cirrhosis
n (male/female) 18 (8/10) 19 (14/5)
Age (yr)   55.7 ± 13.8        61.1 ± 12.4 NS
CFF (Hz) 41.3 ± 1.6 36.6 ± 4.9b

Child-Pugh grading
   A 9
   B 5
   C 5
HE grading
   HE 0 5
   mHE 3
   HE 1 6
   HE 2 5

bP < 0.01 vs controls (Mann-Whitney U test). NS: No significant difference.

50.0

40.0

30.0

Controls      no HE        mHE         HE 1        HE 2
HE

CF
F

Figure 1  CFF of controls and patients. HE grading and CFF (Hz). Circles 
indicate individuals’ CFF, bars represent means of groups (mean CFF of 
controls: 41.3 Hz; mean CFF of group with no HE: 41.4 Hz; mean CFF of group 
with mHE: 40.0 Hz; mean CFF of group with HE 1: 36.1 Hz; mean CFF of group 
with HE 2: 30.2 Hz).
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of  224 × 256 pixels with a field of  view of  240 mm × 
240 mm. The first set of  images was obtained with no 
saturation pulse. The latter sequence used a saturation 
pulse 1.5 kHz below H2O frequency, with a bandwidth 
of  250 Hz, 7.68 ms length and a flip angle of  500°. Ad-
ditionally, routine examinations including T2- and T1-
weighted imaging were performed to exclude patients with 
asymptomatic infarction or chronic ischemic changes.

Image processing
For each subject, the MTR was quantified as a percentage 
of  signal loss between the two images according to the 
following equation: MTR = (S0 - Ss)/S0 × 100%. S0 is 
the mean signal intensity of  a pixel obtained from the 
sequence using no saturation pulse, and SS is the mean 
signal intensity with the applied saturation pulse. Gray 
values in these secondary images represent MTR data, 
which yielded an MTR map.

Pixels that contained skull and soft tissue in the 
MTR maps were removed using the MRIcro-Software[14]. 
Images without skull and soft tissue pixels were used, 
since this has been reported to improve the validity of  
voxel-based evaluation of  brain imaging data[14]. 

The MTR maps that contained only brain pixels were 
normalized into a standardized space using statistical 
parametric mapping (SPM5) software[15]. An MTR 
template was generated to ensure reliable normalization. 
For this, the images of  all individuals were smoothed 
with a Gaussian kernel of  3 mm full width at half  
maximum, and normalized to the standard SPM EPI-
template (Montreal Neurological Institute). The mean of  
the 37 normalized images was used as an MTR template 
for the normalization of  each original MTR map. The 
default spatial normalization settings were applied. A 
Gaussian kernel of  3 mm full width at half  maximum 
was used for the smoothing of  the images. 

It has been reported that brain atrophy is present in 
cirrhosis patients[16] and that comparison of  atrophied 
and normal brains may lead to systematic errors[17]. To 
assess, whether atrophy interferes with voxel-based 
analysis in patients with liver cirrhosis, a test with binary 
images was performed. Binary images were generated 
from the normalized images of  all patients and controls 
using MRIcro-Software. Pixels that contained brain were 
given the value 1. Pixels that contained cerebrospinal 
fluid (CSF) were set to 0.

Statistical analysis 
Statistical mapping analysis has been applied in functional 
brain imaging [fMRI or positron emission tomography 
(PET)]. Recently, the method’s successful use has been 
demonstrated in diffusion-weighted imaging[18], fluid-
attenuated inversion-recovery imaging[19], perfusion-
weighted imaging[20] and MTI[21]. 

We conducted a voxel-based analysis using the 
statistical non-parametric mapping (SnPM5b) software[22] 
based on SPM5[15]. A non-parametric approach was 
chosen because uniform variance across the volumes 
was not given and group size did not permit parametric 
tests. SnPM uses a permutation approach to account 

for the multiple comparison problem in voxel-by-voxel 
evaluation. It does not make the assumptions derived 
from random field theory underlying the multiple 
comparison corrections used in SPM[22].

For all statistical models employed, a threshold of  P < 
0.001 was used to determine significance. Non-parametric 
testing was conducted with 10 000 random permutations 
when possible permutations exceeded this number. The 
anatomical localization of  the maximum statistics was 
determined by co-examination of  the SnPM (pseudo-)t 
map and the customized MTR template. The results are 
displayed as SnPM (pseudo-)t-map images superimposed 
on MTR maps of  representative subjects.

Based on the hypothesis that cirrhosis patients (no 
HE, mHE, HE 1 and HE 2) had lower MTR values than 
controls, two-sample, one-sided permutation tests were 
conducted. Subject age was included as a confounder 
in the group comparison tests. Correlation between the 
MTR maps and CFF was tested. The binary images were 
tested on the hypothesis of  a decreased brain volume in 
cirrhosis patients compared with controls.

RESULTS
MTR group comparisons
Compared with controls, cirrhosis patients without 
neurological deficits (no HE) displayed significantly 
decreased MTR values in the basal ganglia and in the 
hemispheric white matter (Table 2). The maximum 
statistics were located in the right putamen [(pseudo-) 
t = 4.60, P = 0.0004] (Figure 2). Statistics in the left 
putamen were (pseudo-)t = 2.65, P = 0.0006. In the group 
with mHE, a significant MTR decrease was found in 
hemispheric white matter, deep grey matter, brainstem 
and cerebellum. The cluster exhibiting the maximum 
statistics was in the right putamen (pseudo-)t = 8.57, P = 
0.0008. Contralateral statistics were [(pseudo-)t = 5.72, 
P = 0.0004]. 

The groups with overt HE showed an MTR decrease 
in the entire brain. In HE 1, the maximum statistics were 
detected in the left posterior white matter [(pseudo-)t = 
8.82, P = 0.0001]. The statistics of  the right posterior 
white matter were (pseudo-)t = 4.70, P = 0.0001. In 
HE 2, the maximum statistics were found in the left 
globus pallidus [(pseudo-)t = 17.98, P = 0.0001]. The 
statistics of  the right globus pallidus were (pseudo-)t = 
14.06, P = 0.0001.

Binary data comparison
The SnPM results showed significant differences in 
external and internal CSF space between cirrhosis patients 
and controls (Figure 3). Spatial extent and maximum 
(pseudo-)t was higher in the patients with overt HE.

Correlation of CFF and MTR
In the cirrhosis patients, a positive correlation between 
CFF and MTR was found in basal ganglia and in supra- 
and infratentorial white matter (Figures 4 and 5, Table 3). 
Largest statistics detected in a brain parenchyma cluster 
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were in the left frontal white matter: (pseudo-)t = 7.06, 
P = 0.0001. Contralateral frontal white matter statistics 
were (pseudo-)t = 4.11, P = 0.0004.

DISCUSSION
MTI is an application of  MRI that is used to assess non-
water components in tissue. As opposed to conventional 

MRI, which is designed to represent different relaxation 
times in different tissues, MTI uses the exchange of  
magnetic properties between two brain tissue compo-
nents: free water and macromolecules. Magnetization 
transfer takes place with and without physical exchange 
of  protons between these two components. The extent 
of  magnetization transfer is quantified using the ratio 
between two MR images. One image is acquired without 
and one with a high-frequency pulse that is designed to 
saturate the macromolecules. This results in a signal dif-
ference between the two images, as a result of  the trans-
fer of  magnetization from free water protons towards 
macromolecules. The index derived from the two images 
can be calculated pixelwise and is rendered as an MTR 
map[23]. Changes in both components can lead to abnor-
mal magnetization transfer. Depletion of  macromol-
ecules, a different macromolecule composition, as well 
as changes in brain water content may influence MTR. 

Abnormal magnetization transfer is a known patho-
logical feature in MRI of  HE[24]. It has been reported to 
increase with the severity of  HE. The present study pro-
vides a description of  the distribution of  these changes. 
In comparison to former studies that rely on simple ROI 
type analysis, a voxel-based approach was used to detect 
the localization of  magnetization transfer changes in 
HE.

Table 2  Patients with no HE, mHE, HE 1 and HE 2 compared to controls (SnPM two-sample t  test)

Cluster level     Voxel level   SPM coordinates (mm)

k P (FWE corrected) P (FDR corrected) (Pseudo-)t P (uncorrected) x y z

  209 966 0.4753 0.5034   4.60 0.0004 -53    18  38
Controls vs no HE 0.7301 0.5034   4.27 0.0019  32 -101 -14

0.8160 0.5034   4.14 0.0002 -27    17  55
2 652 240 0.0045 0.0140   8.57 0.0008   -8    54    1

Controls vs mHE 0.0090 0.0140   8.27 0.0008  37    18  32
0.0135 0.0140   7.72 0.0008 -19   -40  40

  288 720 0.0003 0.0034   8.82 0.0001 -38   -74    1
Controls vs HE 1 0.0010 0.0034   8.31 0.0001 -38   -59 -10

0.0017 0.0034   7.91 0.0001 -30   -26    1
  286 240 0.0001 0.0006 17.98 0.0001  22     -6   -6

Controls vs HE 2 0.0001 0.0005 14.33 0.0001 -19   -38  36
0.0001 0.0005 14.31 0.0001  18      2   -4

k: Number of voxels in significant clusters; FWE: Family-wise error; FDR: False discovery rate corrected and uncorrected; P and SnPM (pseudo-)t of most 
significant voxel clusters and their coordinates.

no HE        mHE         HE 1        HE 2

0         10

Figure 2  (Pseudo-)t-maps. 
MTR of patients with no 
HE, mHE, HE 1 and HE 2 
compared to controls. Axial 
views superimposed on 
MTR maps of representa-
tive subjects. Colored areas 
represent voxels with sig-
nificant decrease in MTR. 
Grey and white matter are 
involved. Local statistical 
maxima were found in basal 
ganglia and posterior white 
matter. 

no HE        mHE         HE 1        HE 2

0         10

Figure 3  (Pseudo-)t-maps. 
Binary data of patients with 
no HE, mHE, HE 1 and HE 2 
compared to controls. Axial 
views superimposed on the 
binary images of representa-
tive subjects showing differ-
ences in brain size. Colored 
areas represent voxels with 
significant differences. CSF 
space was increased in lat-
eral cerebral fissure; parietal, 
frontal and cerebellar gyration 
were prominent in overt HE.

0         10

Figure 4  (Pseudo-)t-maps (P < 0.001). Areas with a corre-
lation of subjects’ CFF and MTR. Axial views superimposed 
on the MTR map of a representative subject (mHE). Colored 
areas represent voxels with significant positive correlation 
between CFF and MTR. The maximum statistics of a brain 
parenchyma cluster were found in left frontal white matter.
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Spatial distribution of MTR abnormalities
MTR reduction in the brain of  patients with cirrhosis 
involved white and grey matter, the brainstem and the 
cerebellum. The MTR decrease was more severe in 
patients with overt HE. The area of  significantly reduced 
MTR was larger in patients with severe HE. 

These results go beyond the findings of  Iwasa et al[5], 
who have reported decreased MTR values in anatomically 
defined areas of  the brain (globus pallidus, putamen, 
thalamus, corona radiata and subcortical white matter) in 
37 cirrhosis patients with mHE, compared to controls. 
They also support and exceed the reports of  Córdoba  
et al[6], Rovira et al[7] and Balata et al[9], who have described a 
loss of  magnetization transfer effect in frontal and parietal 
white matter. In patients without overt HE, the maximum 
statistics were in the right basal ganglia. Patients with HE 
2 had a more severe loss of  MTR, which was localized 
bilaterally and symmetrically. 

The data suggest that encephalopathy in patients with 
liver cirrhosis is unlikely to be related to structural damage 
of  a specific area of  the brain. In the dysmetabolic 
situation that accompanies hepatic insufficiency, our data 
show a diffuse pattern of  brain involvement. 

Pathological MRI of  basal grey matter in HE has been 
described before the advent of  MTI. Hyperintensity in 
T1-weighted imaging in the globus pallidus of  patients 
with cirrhosis is a frequent finding[25]. Basal ganglia 
hyperintensity has been demonstrated to be reversible 
after successful liver transplantation[26]. Manganese 
deposition is a suggested condition to shorten T1 in 
the basal ganglia of  cirrhosis patients[3,27], and to be an 
additive factor to the extrapyramidal symptoms in these 
patients[28]. In the mouse brain, significant shortening 
of  T1 relaxation can be demonstrated after intravenous, 
intraperitoneal or subcutaneous administration of  
MnCl2[29]. In a quantitative T1-mapping study of  the brains 
of  patients with liver cirrhosis and HE, Shah et al[30] have 

reported T1-shortening for the globus pallidus, caudate 
nucleus, and posterior limb of  the internal capsule. They 
have discussed manganese deposition as a possible reason 
for their findings. No significant correlation between HE 
severity and T1 relaxation time could be found in the 
putamen, frontal white matter, white matter of  the corona 
radiata, white matter in the occipital lobe, the anterior 
limb of  the internal capsule, visual cortex, thalamus, or 
frontal cortex[30]. Patients with stage 1-2 primary biliary 
cirrhosis have been shown to exhibit a decrease in pallidal 
MTR (normalized to putamen), which correlates with 
blood manganese concentration[31]. 

In a study of  diffusion-weighted imaging, Lodi et al[32] 
have reported increased diffusivity in white matter and 
basal ganglia, which suggests the presence of  brain 
edema in chronic hepatic failure[32]. Increased diffusion 
in mHE and overt HE has been demonstrated to be 
reversible after successful treatment[33]. Both edema 
and manganese deposition may be explanations for the 
decrease in magnetization transfer effect.

White matter involvement in HE may be an effect 
of  disturbed blood flow and energy metabolism[9], 
demyelination[5], axonal loss[5], as well as an effect of  
astrocytic water retention[5-7,9,10]. The loss in magnetization 
transfer reflected in a decrease in MTR has been proposed 
to be associated with brain edema in neuropsychiatric 
systemic lupus erythematosus[34], multiple sclerosis[35] and 
traumatic brain injury[36]. In non-cirrhotic patients with 
portal vein thrombosis, decreased MTR values of  normal-
appearing white matter have been found, which has been 
interpreted as an increase in free brain water[37]. 

The presence of  white matter edema in chronic liver 
dysfunction is supported by the above findings of  Lodi 
et al[32] and Kale et al[33], who reported increased diffusivity 
in white matter areas and in the basal ganglia.

MR spectroscopy has established the presence of  a 
disturbed metabolic pattern in cirrhosis, which is considered 

Table 3  Correlation of MTR and CFF (SnPM t  test)

Cluster level    Voxel level    SPM coordinates (mm)

k P (FWE corrected) P (FDR corrected) (Pseudo-)t P (uncorrected) x y z

Controls vs no HE 280 567 0.0031 0.0137 7.06 0.0001 -34 18    8
0.0167 0.0137 6.26 0.0001 -53 18  38
0.0205 0.0137 6.19 0.0001 -54 35 -17

Figure 5  (Pseudo-)t results (P < 0.001). Voxel clusters with a correlation of subjects’ CFF and MTR. SnPM glass brain representation of voxel clusters with a positive correlation 
between CFF and MTR (sagittal, coronal and axial view). A significant correlation was seen in all lobes. 
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to represent a state of  minimal brain swelling[26,38,39]. 
Reversibility after successful liver transplantation has been 
suggested to be an indicator of  increased free cerebral 
water rather than structural damage[8]. 

The maximum statistics in the groups without overt 
HE were in the right putamen. In patients with HE 1 
and HE 2, the highest (pseudo-)t was located in the left 
hemisphere. In each of  the four groups, the correspond-
ing contralateral brain area exhibited strongly significant, 
yet slightly lower statistics. The limited group size and 
the lack of  information about the patients’ handedness 
hinder interpretation of  this finding. Unilateral brain 
involvement is unlikely under dysmetabolic conditions, 
with clinical symptoms of  lack of  awareness, construc-
tional apraxia, dyscalculia, personality change and asterix-
is. A non-focal alteration of  the dominant hemisphere 
might be expected to yield a stronger correlation with 
neuropsychological test results, than the same alteration 
of  the non-dominant hemisphere. Nevertheless, a struc-
turally higher susceptibility of  the dominant hemisphere 
to metabolic toxins might be worthy of  discussion. Fur-
ther studies will possibly be dedicated to this question.

MTI and CFF
CFF assesses neurological deficits in cirrhosis as a con-
tinuous parameter, rather than offering the six-tier grad-
uation used in the (revised) West-Haven criteria[40]. Since 
the test requires cooperation from the patients, its use in 
high-grade HE may be hindered. Patients suffering HE 
grade 3 and 4 were not enrolled in the present study. The 
CFF has been shown to be reliable in retest evaluation 
and responds rapidly to neurological deterioration or 
recovery[12]. Both parameters have been shown indepen-
dently to decrease with increasing severity of  HE[4-7,9,10,12]. 

In an fMRI study, Zafiris et al[41] have found impaired 
activation of  visual cortex and abnormal neuronal cou-
pling in cirrhosis patients with decreased CFF. Alzheim-
er-Ⅱ degeneration of  glial Muller cells and mild visual 
impairment is another proposed mechanism of  CFF 
decrease in HE[12]. 

A positive correlation was found between CFF and 
cerebral MTR. Our findings indicate that the MTR of  
large areas of  normal-appearing white matter and deep 
grey matter correlates with a decrease in CFF in patients 
with HE.

Brain atrophy in HE
SnPM group comparison of  the binary data sets showed 
prominent sulci, ventricles and lateral cerebral fissures as 
morphological correlations of  brain atrophy.

In normal aging, a linear decrease in brain volume is 
known[42]. Although there was no significant difference 
between the mean age of  patients (61.1 ± 12.4 years) 
and that of  the control subjects (55.7 ± 13.8 years) in 
the present study, subject age was included in the analysis 
as a confounding variable. The findings from these 
images point towards an effect of  cirrhosis on brain 
volume. Brain atrophy has been reported to be present 
in minimal and overt HE[27], which correlates with poor 
psychometric performance[16,43]. 

In voxel-based analysis following normalization, the 
comparison of  normal and atrophied brains may lead to 
tests, in which voxels with mainly brain parenchyma in 
controls are tested against voxels that contain predomi-
nantly CSF in patients. This may result in non-valid dif-
ferences. The topic of  using the same spatial normaliza-
tion algorithm for anatomically normal and atrophied 
brains has been addressed by Ishii et al[17]. Comparing 
SPM and NEUROSTAT normalization methods for 
the analysis of  PET images in Alzheimer’s disease, the 
authors have concluded that brains with atrophy tend to 
show artefacts caused by the anatomical standardization 
process. 

In an MRI and PET study of  schizophrenia, SPM 
results were deemed invalid because of  incorrect spatial 
normalization of  atrophied brains. This lead to an under-
estimation of  metabolic activity in the caudate nucleus in 
patients with schizophrenia[44].

The present work shows a correlation between MTR 
and CFF in intraventricular and superficial voxels. This 
may be attributed to unreliable normalization of  brains 
with atrophy in the patient group. Evaluating cortical or 
periventricular MTR values is limited by this effect. 

In conclusion, in the brains of  patients with non-
alcoholic liver cirrhosis, MTR loss is seen. It involves 
basal ganglia and white matter, even in mild stages of  
HE. The changes are more severe and spatially more 
extended in patients with HE. Maximum statistics were 
found in the basal ganglia in overt HE, compared to 
healthy controls. The correlation of  MTR and CFF is 
strongest in frontal white matter. Analyses of  cerebral 
MTI of  patients with liver cirrhosis might profit from 
inclusion of  both basal ganglia and frontal white matter. 

COMMENTS
Background
Hepatic encephalopathy (HE) is a frequent complication of liver cirrhosis and is 
associated with poor prognosis. Many studies have shown that magnetization 
transfer imaging (MTI) of the brain is sensitive to HE and subclinical forms 
of this condition [minimal HE (mHE)]. Treatment as well as induction of HE 
has been monitored successfully with MTI. Edema with water accumulation 
is a possible mechanism for MTI changes. Many brain areas have been 
investigated with MTI, but no systematic evaluation of the spatial pattern of MTI 
abnormalities in HE has been published.
Research frontiers
In the area of brain imaging in liver cirrhosis, the research hotspot is whether 
magnetic resonance imaging (MRI) can be used to detect HE early and to 
monitor its treatment. MTI is a MRI technique that is used to assess the 
interaction of free water protons and macromolecules. MTI is a promising 
research tool to assess minimal brain edema in HE.
Innovations and breakthroughs
In the previous application of MTI in HE, alterations have been reported for 
various brain areas such as the frontal and posterior white matter, basal ganglia 
and thalamus. More recent studies have demonstrated the sensitivity of MTI 
in mHE. These studies used simple region-of-interest (ROI) evaluations. The 
selection of ROIs was based on a priori assumptions from reports on white 
matter MRI anomalies and manganese deposits in the basal ganglia. To the 
best of the authors’ knowledge, no systematic assessment of the distribution 
of brain MTI changes has been published on which to base the selection of 
ROIs in the imaging of HE. In the present study, they performed a voxel-based 
analysis (VBA) of MTI data of patients with HE and showed that abnormal 
signals were present throughout the brain. No one specific area was present 
where MTI changes in manifest HE were exclusive.

 COMMENTS
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Applications
The study results suggest that MTI changes in HE are present throughout the 
brain. Test results in frontal and posterior white matter, thalamus and basal 
ganglia were statistically significant in cases with mHE, which might be areas 
that could be used as ROIs in monitoring HE by means of MTI.
Terminology
HE is a neurological condition with fatigue, sleeping disorders and motor deficits 
caused by liver cirrhosis. MTI is an MRI technique that is used to assess the 
interaction of free water protons and macromolecules, e.g. in mild brain edema. 
ROI is a means of evaluating MR images of the brain by measuring an image 
parameter in a defined area. VBA is a statistical evaluation of the entire brain MRI 
data of a study population.
Peer review
The manuscript entitled “Voxel-based analyses of magnetization transfer 
imaging of the brain in hepatic encephalopathy” is an interesting study that 
aimed to evaluate the spatial distribution of cerebral abnormalities in cirrhosis 
patients with and without HE found in MTI.
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