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Magnetization Transfer Ratio Values and Proton MR
Spectroscopy of Normal-appearing Cerebral White

Matter in Patients with Liver Cirrhosis

Alex Rovira, Elisenda Grivé, Salvador Pedraza, Antoni Rovira, and Juli Alonso

BACKGROUND AND PURPOSE: Hepatic encephalopathy in cirrhotic patients may be the
clinical manifestation of disturbed cerebral cell volume homeostasis. The aim of this study was
to investigate the presence of significant changes in magnetization transfer ratio (MTR) values,
which could reflect an increase in free water within the brain of patients with liver cirrhosis,
and to correlate these findings with minimal hepatic encephalopathy and proton MR spectros-
copy (*H-MRS) abnor malities.

METHODS: Twenty-four patients with liver cirrhosis and eight healthy control volunteers
were included in the study. MR imaging studies included conventional T1- and T2-weighted
imaging, 1H-MRS, and magnetization transfer imaging. MTR and H-MRS values were ob-
tained from normal-appearing white matter and were correlated with each other and with the
presence of minimal hepatic encephalopathy.

RESULTS: H-MRS showed a decrease in choline and myo-inositol and an increase in glu-
tamine + glutamate with respect to creatine + phosphocreatine. M TR values wer e significantly
decreased in cirrhotic patients when compared with healthy control volunteers, although this
decrease was not significantly higher in the patients with minimal hepatic encephalopathy. The
decreases in MTR values correlated with increases in glutamine + glutamate.

CONCLUSION: The MTR decrease in patients with liver cirrhosis may be caused by low-
grade astrocytic swelling produced as a response to the osmotic stress occurring in these pa-
tients. However, in this cross-sectional study, we did not find a correlation between MTR
decrease and the presence of minimal hepatic encephalopathy, probably because of limitations

in MTR quantification techniques.

MR imaging and proton MR spectroscopy (1H-
MRS) brain abnormalities have been described in
association with chronic liver disease (1, 2). Re-
sults from experimental studies indicate that a
widespread metabolic ateration in the brain, which
seems to be related to hyperammonemia, could be
the cause of hepatic encephalopathy (3). Hyper-
ammonemia can induce disturbances in brain cell
volume homeostasis (4), with an osmotically active
intracellular accumulation of glutamine and coun-
teraction of the resulting astrocyte swelling by
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myo-inositol depletion (3, 5). This situation is
clearly reflected in *H-MRS in vivo studies of the
brain of cirrhotic patients, which consistently show
increases in the glutamine + glutamate signal ac-
companied by myo-inositol depletion (2, 4, 6-8).
The osmoregulatory mechanism is activated after
liver failure, and it accounts for the protection from
massive brain edema in cases of chronic liver fail-
ure (9). Recent data suggest that clinical or minimal
hepatic encephalopathy in cases of chronic liver
disease may be the clinical manifestation of this
low-grade astrocyte swelling (10, 11). However,
signal abnormalities within the brain indicating cy-
totoxic edema have not been revealed by conven-
tional MR imaging studies, probably because of
their lack of sensitivity in detecting slight, diffuse,
increased brain water content.

Unconventional MR imaging techniques, such as
magnetization transfer imaging, are much more
sensitive to changes in brain tissue water content,
and these changes can be quantified through cal-
culation of magnetization transfer ratios (MTR)
(12). Previous studies showed MTR decreases in
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the basal ganglia and cerebral white matter of pa-
tients with liver cirrhosis, although no attempt was
made to establish correlations with the neurologic
status of the patients or IH-MRS data (13, 14).
Thus, the aim of this study was to determine, by
means of MTR, whether there are significant
changes in the brain parenchyma that evidence in-
creases in free water and whether these changes
correlate with TH-MRS abnormalities and the neu-
rologic status of the patients.

M ethods

Participants

A tota of 24 patients (14 men and 10 women) with a mean
age of 58 years (range, 30—68 years), referred from the Hep-
atology Department with a diagnosis of non-acoholic cirrho-
sis, were prospectively enrolled in the study. The study was
designed to exclude the confounding effects of acohol on
brain function and MR data (15). Eight healthy volunteers (two
men and six women), with a mean age of 56.9 years, were
also included. The study was approved by the Ethics Com-
mittee of our institution, and informed consent was obtained
from each participant before being introduced in the protocol.

Diagnosis of cirrhosis was made on the basis of a consistent
clinical history, radiologic studies, and liver biopsy, when
available. The cause of cirrhosis was hepatitis C in 16 patients,
hepatitis B in three, cryptogenetic in three, secondary biliary
cirrhosis in one, and congenital a pha;-antitrypsin deficiency
in one. All patients showed evidence of portal hypertension
and were being evaluated for liver transplantation because of
liver failure (21 cases) or hepatocarcinoma (three cases). The
severity of liver disease was staged according to the Child-
Pugh classification; most cases were Child-Pugh class B (18
cases), and the remainder were class A (four cases) or C (two
cases).

Neurologic and neuropsychological examinations were per-
formed of all patients. The neuropsychological assessment
consisted of a short battery of tests designed to provide a gen-
eral evaluation of neuropsychological function and to detect
the most frequently impaired functions. All participants were
assessed by the same examiner by means of a structured in-
terview that was completed in approximately 60 minutes, just
before performing the MR imaging study. The neuropsycho-
logical evaluation included the following tests (16): Stroop
Test, Trail Making Test (part A), Symbol Digits (ora version),
Grooved Pegboard Test (dominant and non-dominant hand),
Auditory Verbal Learning, Judgment of Line Orientation
Hooper Test of Visual Organization, and Controlled Oral Word
Association Test. Minimal hepatic encephaopathy was arbi-
trarily defined as two or more neuropsychological tests below
2 SD of the mean (17).

MR Examination and Analysis

The MR imaging studies were performed on a 1.5-T Mag-
netom Vision-Plus superconductive magnet (Siemens, Erlang-
en, Germany), using a quadrature transmit/receive head coil.
Conventional MR imaging of the brain was performed initialy
and included the following pulse sequences. transverse T2-
weighted fast spin-echo (3550/90 [TR/TE]; number of acqui-
sitions, two) and T1-weighted inversion recovery spin-echo
(1500/20; inversion time, 650 ms; number of acquisitions,
one). A section thickness of 5 mm, an interleaved imaging
mode with an intersection gap of 1.5 mm, a pixel size of ap-
proximately 1 X 1 mm, and an acquisition matrix of 256 X
256 were used to register the images. In addition, a magneti-
zation transfer imaging study was performed in the transverse
plane with a 2D gradient-echo pulse sequence (714/12; flip
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angle, 20 degrees; number of acquisitions, one), using the same
section parameters and position as in the conventional se-
quences. The gradient-echo sequence was repeated with the
same imaging parameters and an additional off-resonance
preparation pulse used to saturate the macromolecular protons
to obtain magnetization transfer contrast. This saturation pulse
had the following parameters: off-resonance frequency selec-
tive gaussian RF pulse centered 1.5 kHz below the water fre-
quency, bandwidth of 250 Hz, and length of 7.68 ms.

The conventional sequences were used to define the normal-
appearing white matter regions in the frontal and parietal |obes.
From a single T1-weighted image, we quantified the relative
increased signal intensity of the globus pallidus through the
globus pallidus index, a normalized signal measure of the glo-
bus pallidus compared with the putamen, by means of the fol-
lowing formula: globus pallidus signal — putamen signal/glo-
bus pallidus signal + putamen signal (Fig 1).

The MTR were quantified as a percentage of signal loss
according to the following equation: MTR = 100 (S, — Sy)/
S, in which S, is the mean signal intensity for a particular
region obtained from the 2D gradient-echo sequence without
the saturation pulse and S is the mean signal intensity for the
same region with the saturation pulse. Pixel-by-pixel MTR
maps were constructed from the two sets of 2D gradient-echo
images. To avoid misregistration between the two sets, a visual
analysis that excluded mismatching of the MTR maps was con-
ducted before calculating the MTR in selected areas. In case
of mismatch, the two sets of images were repeated.

In both the patients and healthy volunteers, MTR of the
normal -appearing white matter were measured in four different
supratentorial locations, one in each of the frontal and parietal
lobes of each hemisphere. The mean value of the MTR within
selected areas was obtained by averaging the pixel values in
the regions of interest on the MTR map (Fig 2).

Single-voxel proton spectra were obtained from a volume of
interest located at the parietal region that was defined by a
cube of 2 cm, containing mainly white matter (Fig 3). Voxel
size was kept constant in all patients and control volunteers.
A 90°—90°—90° stimul ated-echo-based pul se sequence was used
(18). Three chemical shift selective gaussian pulses were used
for water suppression (19). Before recording the spectrum, the
homogeneity of the magnetic field over the volume of interest
was optimized by shimming on the water signal in two steps
until a linewidth at half-height below 6 Hz was obtained. The
first step was an automatic global shim and the second a man-
ual shim with the three linear gradient coils over the selected
voxel. After setting the water signal on resonance, the water
suppression pulse was manually adjusted to reduce the water
signal. Proton spectra were recorded with 1600/20 and a mix-
ing time of 30 ms. A total of 1024 data points were collected
over a spectral width of 1000 Hz. Four dummy images and
256 acquisitions were accumulated for each spectrum.

Spectrum analysis was performed off-line on a Silicon
Graphics Indigo2 workstation (Silicon Graphics, Inc., Moun-
tain View, CA) by means of the MRUI software, a graphical
user interface for MR spectroscopy signal processing (20). The
time domain data were analyzed with the AMARES method.
This is a nonlinear least squares fitting that calculates the am-
plitude, which corresponds to the area of the resonance in the
frequency domain, frequency, and linewidth at half-height of
each signal. Before applying the AMARES method, the resid-
ual water signal was filtered with the Henkel-Lanczos singular
value decomposition agorithm. Measurements were performed
at the following resonances: N-acetyl aspartate (2.01 ppm),
glutamine + glutamate (2.15—2.50 ppm), creatine + phos-
phocreatine (3.02 ppm), choline-containing compounds (3.20
ppm), and myo-inositol (3.55 ppm). Results are expressed as
metabolite ratios with respect to the creatine + phosphocrea-
tine resonance. The chemica shift for each resonance is ref-
erenced to the protons of the methyl group of the creatine
signa at 3.02 ppm. Proton spectra and MTR analyses were
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Fic 1. Transverse T1l-weighted image (inversion recovery spin-echo; 1500/20; inversion time, 650 ms; number of acquisitions, one),
obtained at the level of the basal ganglia in a patient with liver cirrhosis, shows bilateral increased signal in the globus pallidus. For
calculating the globus pallidus index, mean signal intensity was calculated from a region of interest localized in both the putamen (O)

and globus pallidus (O).

Fic 2. Transverse MTR map of a supraventricular level, obtained from two proton density gradient-echo sequences (714/12; flip angle,
20 degrees; number of acquisitions, one), the first with and the second without an off-resonance preparation pulse. MTR values were
obtained from four different voxels (O) located in otherwise normal-appearing white matter, as defined on the T2-weighted sequence,

within both parietal and frontal lobes.

Fic 3. Axial T2-weighted image (fast spin-echo; 3550/90; number of acquisitions, two), obtained at a supraventricular level, shows the
voxel from which the 'H-MRS image was obtained in the normal appearing white matter in the parietal lobe.

independently conducted by two observers blinded to the clin-
ical condition of the participants.

Satistical Methods

Statistical analysis was conducted with the SPSS software
package, version 7.5 (SPSS Inc., Chicago, IL). Significant dif-
ferences were evaluated by means of the Student’s t test or
one-way analysis of variance. Pairwise comparisons were per-
formed using Tukey’s test. Correlations between MTR values
and H-MRS ratios were calculated using the Pearson’s prod-
uct-moment correlation coefficient. A P value < .05 was ac-
cepted as statistically significant for all the statistical analyses.
Results are presented as mean = SD.

Results

None of the patients showed signs of overt hepatic
encephal opathy; all were perfectly alert, without flap-
ping tremor, and were oriented in space, person, and
time. However, according to the neuropsychological
assessment, 16 of the patients were considered to
have minimal hepatic encephal opathy.

All patients and healthy volunteers showed no
significant white matter signal abnormalities on T2-
weighted images, although increased signal inten-
sity in the globus pallidus was observed on the T1-
weighted images of all patients. Small focal or
dlightly diffuse high signal intensity abnormalities
on the T2-weighted images, attributable to involu-
tional changes or small vessel disease, were not
considered to be significant white matter changes.

Mean MTR values of white matter in patients
with liver cirrhosis were significantly lower than
those of white matter in control volunteers, both in
the parietal (31.5 = 3.1 versus 37.1 = 1.1; P =

TABLE 1: H-MRS metabolite ratios from the parietal white mat-
ter, normalized globus pallidus intensity (GPI) and MTR of dif-
ferent brain regions for the control and cirrhotic groups.

Control Cirrhotic
N 8 21
Age 56.9 = 3.6 578 = 11.1
MTR parietal 371+ 12 315 + 3.1*
MTR frontal 373 + 1.7 32.1 + 3.4
GPI 0.069 = 0.007 0.145 *+ 0.033*
NAA/Cr 157 = 0.16 157 = 0.18
NAA/Cho 2.02 + 0.19 2.40 = 0.47*
Chol/Cr 0.81 = 0.11 0.68 = 0.15*
GIx/Cr 1.46 = 0.26 2.20 = 0.48*
Ing/Cr 0.64 + 0.10 0.28 = 0.17*

Note—All values are expressed as mean = SD. Statistical signifi-
cance was determined with a t test. A P value of less than .05 was
used to assign significant difference.

* Significant difference between cirrhotic and control groups.

.01) and frontal (32.1 = 3.4 versus 37.3 = 1.7; P
= .01) lobes (Table 1). MTR frontal and parietal
white matter values were similar and closely cor-
related (r = 0.88; P < .001). No significant dif-
ferences in MTR values were observed between
cirrhotic patients with minimal hepatic encephal op-
athy and those without, although there was a ten-
dency to higher MTR values in the patients without
minimal hepatic encephalopathy (Table 2).

Globus pallidus indices were significantly higher
in cirrhotic patients (0.145 *= 0.033) compared with
healthy control volunteers (0.069 = 0.007), but no
significant differences were observed between the
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TABLE 2: 1H-MRS metabolite ratios from the parietal white mat-
ter normalized globus pallidus intensity and MTR of different
brain regions for cirrhotic patients classified by the existence of a
minimal hepatic encephalopathy.

Minimal Hepatic Encephal opathy

Yes No
N 16 7
Age 57.8 + 11.9 58.0 = 9.6
MTR parieta 30.9 = 3.4* 33.0 = 1.6*
MTR frontal 31.6 + 3.8* 334 + 1.8*
GPI 0.144 + 0.035* 0.148 + 0.033*
NAA/Cr 157 = 0.20 158 + 0.13
NAA/Cho 242 = 051 2.35 + 0.39
Cho/Cr 0.67 + 0.16* 0.69 + 0.13*
GIx/Cr 2.37 = 0.41*t 1.80 = 0.39
Ins/Cr 0.22 + 0.10*t 0.41 + 0.23*

Note—All values are expressed as mean = SD. Statistical signifi-
cance was determined with ANOVA followed by Tukey’s test. A P
value of less than .05 was considered statistically significant.

* Significant difference respect to the control group.

T Significant difference between patients with and without minimal
hepatic encephal opathy.
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patients with minimal hepatic encephal opathy
(0.144 = 0.035) and those without (0.148 =+ 0.033).

Single-voxel 1H-MRS of the parietal white mat-
ter showed the characteristic abnormalities that
have been described in association with cirrhosis:
decrease in the choline-containing compound:cre-
atine + phosphocreatine ratio (0.68 += 0.15 versus
0.81 = 0.11; P = .015), decrease in the myo-ino-
sitol:creatine + phosphocreatine ratio (0.28 = 0.17
versus 0.64 = 0.10; P < .01), and increase in the
glutamine + glutamate:creatine + phosphocreatine
ratio (2.20 = 0.48 versus 1.46 = 0.26; P < .01)
(Fig 4). There were no significant differencesin N-
acetylaspartate:creatine + phosphocreatine ratios
between patients and control volunteers (1.57 =
0.18 versus 1.57 = 0.16) (Table 1).

The changes in myo-inositol:creatine + phos-
phocreatine and glutamine + glutamate:creatine +
phosphocreatine ratios were significantly more de-
creased in cirrhotic patients with minimal hepatic
encephalopathy than in those without minimal he-
patic encephalopathy (0.22 = 0.10 versus 0.41 *+
0.23 for myo-inositol:creatine + phosphocreatine
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Fic 4. Water-suppressed proton spectra of an 8-mL voxel located in the parietal region, recorded with a stimulated echo-based pulse
sequence (1600/20; magnetization transfer, 30; number of acquisitions, 256). The main resonances correspond to N-acetylaspartate
(2.0 ppm), glutamic/glutamine (2.1—2.5 ppm), creatine/phosphocreatine (3.02 ppm), choline-containing compounds (3.2 ppm), and myo-
inositol (3.55 ppm). Comparison of the spectra shows a decrease in choline and myo-inositol resonances, with an increase in the

glutamic/glutamine region in the cirrhotic patient.
A, Healthy control volunteer.
B, Cirrhotic patient.
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and 2.37 £ 0.41 versus 1.80 = 0.39 for glutamine
+ glutamate:creatine + phosphocreatine) (Table
2). A significant correlation was observed between
MTR values and glutamine + glutamate:creatine +
phosphocreatine ratios (r = —0.65; P = .002) and
the globus pallidus index (r = —0.61; P = .002)
in patients with liver cirrhosis.

Discussion

Magnetization transfer imaging represents an at-
tempt to develop contrast in MR imaging on the
basis of submolecular exchange processes that may
occur in biological tissue (21). This technique has
some clinical and research applications in the study
of different CNS disorders (22), because it affords
a potential window into the macromolecular envi-
ronment that is not directly visible using conven-
tional techniques (21). Therefore, it enables the as-
sessment of “‘invisible” disease in the so-called
nor mal-appearing white matter (23-25), and, with
the application of MTR, it provides a means to
quantify disease burden (26).

Experimental and human studies support the hy-
pothesis that demyelination and axonal loss are the
main contributors to the MTR decrease observed
in association with several pathologic conditions,
such as experimental autoimmune encephalomyeli-
tis (12), toxic demyelination (27), progressive mul-
tifocal leukoencephalopathy (28), human immuno-
deficiency virus encephalitis (28), and multiple
sclerosis (29). Severe MTR decrease correlates di-
rectly with the severity of demyelination and axo-
nal loss, but less severe decrease is more difficult
to interpret because inflammation, edema, and
moderate demyelination can also contribute to
these values (30).

Purely edematous lesions may decrease MTR
values slightly, although significantly. This sugges-
tion is based on data obtained in experimental mod-
els of edematous inflammatory non-demyelinated
lesions of the CNS (12) and in cases of chronic
obstructive hydrocephalus (31).

MTR decreases in otherwise normal-appearing
cerebral white matter have been described previ-
ously in association with liver cirrhosis (13). How-
ever, for the first time, we correlate this change
with the patients neurologic status and with 1H-
MRS abnormalities. The still unproven mechanism
of MTR decrease reflects a diffuse tissue abnor-
mality not detectable by conventional MR imaging.
Previous data have suggested that this reduction
may be produced by low-grade astrocyte swelling,
the main pathophysiological event related to clini-
cal or minima hepatic encephalopathy (10, 11).
The astrocyte swelling may be due to an osmoti-
cally active intracellular accumulation of glutamine
in response to hyperammonemia; this situation then
activates an osmoregulatory mechanism with de-
creases of intracellular myo-inositol that protects
the brain from massive edema (10). This distur-
bance of cell volume homeostasisis clearly reflect-
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ed in the pattern of 1H-MRS changes observed in
cases of cirrhosis (2).

Other possible contributions to the decrease of
MTR are unlikely. Although it has been found that
manganese chloride phantoms reduce MTR values
and that MTR of the pallidus decreases with the
severity of liver disease (14), the presence of man-
ganese deposits in the white matter as the origin of
MTR reduction is improbable, because there is no
concomitant T1 shortening of the white matter.
Slight axonal loss or demyelination are aso un-
likely explanations for the MTR decrease in cases
of cirrhosis. These pathologic features have not
been described in association with liver encepha-
lopathy, and moreover, the TH-MRS findings of
normal N-acetylaspartate indices and low concen-
trations of choline-containing compounds indicate
preservation of axonal density and lack of demye-
linating processes.

Thus, the most likely explanation for the slight,
athough significant, decrease in MTR values in
normal-appearing white matter of cirrhotic patients
is low-grade astrocyte swelling. The application of
diffusion-weighted MR imaging studies, a highly
sensitive technique for detecting water shifts be-
tween the intra- and extracellular spaces (32, 33),
would determine whether the increased brain water
content came from the intracellular or extracellular
compartment. Unfortunately, at the time we started
the study, diffusion-weighted sequences could not
be performed with our unit.

However, if we accept the hypothesis that low
grade intracellular swelling is the leading event in
the pathogenesis of liver encephalopathy (11), our
results should show a significant difference in the
MTR between patients having minimal hepatic en-
cephalopathy and those without minimal hepatic
encephalopathy, as was found with glutamine +
glutamate and myo-inositol ratios and subclinical
atered mental states. These contradictory results
may be explained by the lower sensitivity of MTR
as compared with 1H-M RS for detecting white mat-
ter abnormalities induced by the osmoregulatory
stress in patients with chronic liver disease but
without overt hepatic encephalopathy. MTR as-
sessment in cirrhotic patients with overt hepatic en-
cephalopathy would probably show a significant
decrease in the MTR as compared with patients
with minimal or no hepatic encephal opathy. Thus,
our data suggest that MTR cannot be used as a
marker of subclinical encephalopathy in patients
with chronic liver disease but might play arole as
a surrogate marker in longitudinal studies designed
for assessing the effect of therapy in clinical or sub-
clinical hepatic encephal opathy.

The significant correlation between the globus
pallidus index and MTR decrease can be interpret-
ed as two different MR changes induced by chronic
liver disease having completely different pathogen-
ic mechanisms:. increased whole blood manganese
concentrations for the increase in globus pallidus
index (34, 35) and disturbed cell volume homeo-
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stasis in response to hyperammonemia for the de-
creased MTR.

Conclusion

Patients with liver cirrhosis had significantly de-
creased MTR values of the brain white matter,
which correlated with an increase in brain gluta-
mine + glutamate. The MTR decrease can be ex-
plained by disturbed cerebral cell volume homeo-
stasis causing an increase in the volume of the free
water compartment that leads to astrocyte swelling.
Although this low-grade intracellular swelling is
considered to be the main contributor to hepatic
encephalopathy, we could not show a significant
correlation between MTR decrease and presence of
minimal hepatic encephalopathy. This can be ex-
plained by the small number of patients included
in the study and by limitations in the sensitivity of
MTR for detecting low-grade intracellular edema.

Longitudinal MR imaging studies that include
diffusion-weighted sequences, performed after nor-
malization of liver function and improvement in
neurologic status, might provide evidence to sup-
port the hypothesis that MTR decrease reflects po-
tentialy reversible low-grade intracellular edema.
Such studies would add to our knowledge of the
pathophysiology of liver encephal opathy and define
the potential use of MR imaging as a surrogate
marker for assessing therapy in clinical or minimal
hepatic encephalopathy in chronic liver disease.
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