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Abstract
AIM: To assess the functional status and etiology of 
liver cirrhosis by quantitative 31P magnetic resonance 
spectroscopy (MRS).

METHODS: A total of 80 patients with liver cirrhosis 
of different etiology and functional status described 
by Child-Pugh score were examined and compared 
to 11 hea l thy vo lunteers . MR examinat ion was 
performed on a 1.5 T imager using a 1H/31P surface 
coil by the 2D chemical shift imaging technique. 
Absolute concentrations of phosphomonoesters (PME), 
phosphodiesters (PDE), inorganic phosphate (Pi) and 
adenosine triphosphate (ATP) were measured.

RESULTS: MRS changes reflected the degree of liver 
dysfunction in all the patients as well as in individual 
etiological groups. The most important change was a 
decrease of PDE. It was possible to distinguish alcoholic, 
viral and cholestatic etiologies based on MR spectra. 
Alcoholic and viral etiology differed in PDE (alcoholic, 
viral, controls: 6.5±2.3, 6.5±3.1, 10.8±2.7 mmol/L, 
P<0.001) and ATP (alcoholic, viral, controls: 2.9±0.8, 2.8
±0.9, 3.7±1.0 mmol/L, P<0.01) from the control group. 
Unlike viral etiology, patients with alcoholic etiology 
also differed in Pi (alcoholic, controls: 1.2±0.4, 1.6±0.6 
mmol/L, P<0.05) from controls. No signifi cant changes 
were found in patients with cholestatic disease and 
controls; nevertheless, this group differed from both 
alcoholic and viral groups (cholestatic, alcoholic, viral: 9.4
±2.7, 6.5±2.3, 6.5±3.1 mmol/L, P<0.005) in PDE.

CONCLUSION: 31P MRS can significantly help in non-
invasive separation of different etiological groups leading 
to liver cirrhosis. In addition, MRS changes reflect 

functional liver injury.

©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cirrhosis is the final stage of  various liver diseases. 
Regardless of  etiology (i.e., viral, alcoholic, autoimmune, 
metabolic and others), the liver injury leads to the excessive 
accumulation of  extracellular matrix and to nodular 
regeneration of  parenchyma. Information about the 
etiology and degree of  liver derangement is indispensable 
and usually needs to be verifi ed by means of  liver biopsy. 
This procedure is invasive, uncomfortable for the patient 
and sometimes not without serious complications. 
Therefore, efforts have been made to non-invasively obtain 
information concerning liver injury.

Additional important information is the degree of  
functional limitation of  the liver. In clinical settings, 
this is usually described by a Child-Pugh score (CPS), 
which is calculated from clinical and laboratory tests[1-3]. 
As clinicians need to determine the specific etiological 
diagnosis of  liver cir rhosis, all possible additional 
information is valuable in clinical practice to find an 
appropriate treatment[4]. Imaging examinations, which 
are capable of  improving the diagnostic process, are very 
helpful. 

One of  the promising techniques is the application of  
magnetic resonance (MR) spectroscopy[5]. Phosphorus (31P) 
MR spectroscopy has been used to study liver metabolism 
in vivo for several years[6-9]. It enables the observation of  
energy metabolism and intracellular compartmentation 
through the signals of  phosphomonoesters (PME), 
phosphodiesters (PDE), inorganic phosphate (Pi) and 
nucleotide triphosphates, mainly adenosine triphosphate 
(ATP). The PME and PDE signals are multicomponent 
with phosphorylcholine and phosphorylethanolamine 
which are the main contributors to PME as well as 
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glycerophosphorylcholine and glycerophosphorylethanola
mine which are the main contributors to PDE [10]. The fi nal 
typical signal of  31P MR spectra in vivo is phosphocreatine 
(PCr). Although it is a dominant signal in muscles, it is not 
readily observable in spectra of  the liver because of  its low 
contribution to hepatic metabolic processes. Its presence 
indicates some contribution of  signals from abdominal 
wall muscle as a partial volume effect.

In this study we investigated whether quantitative 31P 
MR spectroscopy can distinguish different etiologies of  
liver cirrhosis and assess the functional severity of  liver 
injury. The main goal of  the study was to describe the 
relationship between the concentration of  phosphorylated 
metabolites in the liver and the different etiological groups 
of  liver cirrhosis.

METHODS
Subjects
A group of  80 patients (49.7±11.5 years) with confi rmed 
liver cirrhosis of  different etiology (alcoholic cirrhosis 
in 33 cases, viral hepatitis in 22 cases (B virus in three 
cases, C virus in 17 cases, combined B+C in two cases), 
cholestatic liver disease in 16 cases (primary biliary 
cirrhosis in six cases, one case of  secondary biliary 
cirrhosis, primary sclerosing cholangitis in eight cases 
and one case of  biliary atresia), and other etiologies in 
nine cases (one Budd-Chiari, two congenital fi brosis, two 
autoimmune, and four cryptogenic cases) were examined. 
The last nine patients were excluded from etiological 
evaluations because of  their etiological diversity and small 
number. Patients with combined etiologies (especially 
viral and alcoholic) were strictly excluded from the study 
as well as another 19 patients with insuffi cient resolution 
or low signal to noise ratio due to technical problems. 
Results were compared to those of  a group of  11 healthy 
volunteers (40.5±10.9 years). Liver biopsy was performed 
in all cirrhotic patients except for those whose clinical, 
laboratory, endoscopic and imaging studies (abdominal 
ultrasound and CT) were typical and without any doubt for 
severe liver cirrhosis. Etiological diagnosis was made using 
standard diagnostic rules. All alcoholic patients admitted  
had a previous regular drinking of  alcohol more than 80 g/d, 

patients with viral hepatitis B and C were confirmed by 
specific antibodies and/or PCR DNA/RNA positivity. 
Patients with primary biliary cirrhosis were AMA positive, 
patients with primary sclerosing cholangitis had typical 
cholangiography, all cholestatic patients were confirmed 
by liver biopsy. Similarly strict criteria were used for other 
etiologies. All patients were originally examined for the 
liver transplantation program and six-month alcohol 
abstinence in alcoholic patients was proved by independent 
observers, i.e. family members, primary care physicians 
and psychiatrists trained in substance abuse treatment. 
All subjects, including the healthy volunteers, abstained 
from alcohol during 48 h before MR examination and 
underwent standard clinical biochemical testing just 
before the MR examination which was performed in early 
morning after an overnight fast (at least 8 h of  fasting). 
A Child-Pugh score [1-3] was obtained in all patients (mean 
CPS = 9.3) and patients were distributed into groups A, B, 
and/or C for statistical evaluation. MELD score was not 
used because of  its main application in donor allocations. 
The subjects were fully informed and signed the protocol 
of  the examination in accordance with rules approved 
by the ethical committee, which conform to the ethical 
guidelines of  the 1975 Declaration of  Helsinki. 

MR examination
MR examination was performed on a Siemens Vision 
(Erlangen, Germany) whole-body MR imager operating at 
1.5 Tesla equipped with a commercial dual 1H/31P surface 
coil. The subjects were examined in a prone position with 
the liver centered on the surface coil. Neither ECG nor 
breathing monitoring due to this position was found to be 
necessary. No tremor because of  encephalopathy which 
might also influence the quality of  MR examination was 
observed. Basic MR images in all orientations were obtained 
for the localization of  voxels (Figure 1). 31P MR spectra were 
measured using a standard two-dimensional chemical shift 
imaging (CSI) technique[5] in the transversal plane with the 
following parameters: TR = 323 ms, TE = 2.3 ms, matrix 
16×16, fi eld of view (FOV) = 480 mm, fl ip angle = 90º, slice 
thickness = 4 cm, voxel volumes were 3 cm×3 cm×4 cm, 12 
acquisitions, acquisition time = 16 min.
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Figure 1 MR images of a healthy volunteer in all orientations with selected matrix for spectroscopic measurement and indicated volume of interest for spectra evaluation.
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Spectra evaluation
Approximately 12 voxels (in the normal size of  the liver) 
were selected from a whole CSI matrix (256 voxels). The 
most appropriate voxel for the quantitative evaluation[11] 
had to fulfill two conditions: (1) no visible PCr signal 
characterizing the presence of  abdominal muscles; (2) no 
visible large intrahepatic blood vessels (portal vein truncus 
and its left and right lobar branches, inferior vena cava and 
large branches of  hepatic veins). Such voxel was chosen 
using a standard postprocessing method (the movement 
of  the whole CSI matrix) and considered as volume of  
interest (VOI) for quantitative evaluation. However, the 
contribution of  small hepatic veins to measured signal 
intensities could not be excluded.

Spectra were evaluated using standard Siemens 
Numaris software (Gauss apodization with halfwidth = 30 
ms, manual phase and spline baseline correction, Fourier 
transformation and curve fitting with the assumption 
of  Gaussian line shapes). We used Pi chemical shift = 
5 ppm as a standard frequency for the assignment of  
observed signals. Signal intensities of  PME, Pi, PDE 
and βATP (αATP and γATP signals were not used for 
the evaluation because of  overlap with signals of  other 
compounds) were used for the measurement of  absolute 
molar concentrations. The methodology of  the absolute 
quantification using the CSI sequence was published 
previously[11,12]. The signal intensity ratios were not used 
because of  the signal intensity dependence on the distance 
of  the VOI from the center of  the surface coil. 

Statistical analysis 
The comparison of  several neighboring voxels from 
different places in the liver was performed and a VOI 
of  36 mL was found to be large enough to disregard 
structural heterogeneities. All data represented three 
independent evaluations and were expressed as mean±SD 
unless otherwise indicated. 

Statistical analysis was performed using paired t tests 
and the technique of  "contrast analysis" in the ANOVA 
module of  STATISTICA 6[13] for multiple comparisons. 
Pattern recognition analysis of  data was performed by 
principal component analysis (PCA) using the Multivariate 
Explanatory Techniques module of  the STATISTICA 
software and by linear and nonlinear discriminant analyses 
(LDA and NDA, respectively)[14] using MaZda B11[15].

A Levene's test of  homogeneity of  variances in groups 
confi rmed that there was no effect at P<0.05. This means 
data had the same variance and could be compared by 
standard t test. The null hypothesis H0 (group means 
are not different from the control group) was rejected if  
P<0.05 (5 % error level).

RESULTS
Figure 2 shows typical examples of  phosphorus spectra 
from healthy and cirrhotic liver tissue. The altered hepatic 
phosphorus metabolism in cirrhosis could be described by 
calculated molar concentrations of  selected compounds 
in the liver tissue. The spectroscopic data of  patients and 

controls together with Child-Pugh score are summarized 
in Table 1. Compared to controls, molar concentrations 
of  PDE and ATP were signifi cantly lower in all patients 
with liver cirrhosis. We divided patients into three groups 
according to CPS, independent of  etiology. In this case, 
no significant differences were found between controls 
and patients with mild cirrhosis status (CPS-A) whereas 
groups CPS-B and CPS-C showed statistical differences 
to the control g roup in PDE (P <0.001) and ATP 
(P <0.02). If  groups of  patients were compared to each 
other, differences in patients within the CPS-A grouping 
increased for PDE as CPS worsened, no statistical 
differences were found in ATP. The relationship between 
calculated molar concentrations and the known etiology of  
liver cirrhosis is summarized in Table 2. 

Spec t roscop ic da ta (PME, P i , PDE and ATP 
concentrations) were also evaluated by various pattern 
recognit ion methods. We found s imi lar levels of  
misclassifi cation of  subjects by using PCA, LDA and NDA 
procedures[15]. For demonstration and graphical output we 
used PCA plots from STATISTICA software[13], LDA and 
NDA results were not shown. To distinguish the different 
etiology and functional status of  the liver cirrhosis from 
the controls, we highlighted individual subgroups of  
patients in PCA plots. If  individual etiological groups 
were projected together with a control group, trends 
demonstrating the functional status of  the liver were 
highlighted, i.e. the distance from the control area directly 
depended on CPS. The alcoholic group differed from 

Table 1 Concentrations of 31P visible metabolites (mmol/L) in the liver 
according to the degree of liver injury

          n           PME              Pi               PDE              ATP

Controls         11       3.09±1.45        1.63±0.55     10.83±2.68           3.72±0.99
All patients         80               3.53±1.45        1.33±0.61        7.16±2.88d          2.95±0.84b

CPS-A         18      3.64±1.68        1.37±0.56        9.16±2.32           3.24±0.85
CPS-B         25      3.60±1.31        1.31±0.57        7.31±2.62d          2.93±0.78a

CPS-C         37      3.44±1.46        1.33±0.66        6.07±2.80d,f        2.83±0.87b

aP<0.05, bP<0.01, dP<0.001 vs the control group; fP<0.01 vs the CPS-A group.
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Figure 2 31P MR spectra of the liver in a healthy volunteer (A) and in a patient 
with liver cirrhosis (B). PME - phosphomonoesters; Pi - inorganic phosphate; PDE 
- phosphodiesters; γATP, αATP, βATP - γ, α and β phosphates of adenosine 
triphosphate.
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controls in the CPS-C area, whereas the viral group 
differed in the CPS-B area (Figure 3). Because of  the 
insuffi cient number of  cholestatic patients in the CPS-A 
and CPS-C groups, that plot was not presented.

As data from the CPS-A groups overlapped with 
controls, we used patients with CPS-B or CPS-C liver 
status for another statistical analysis (Figure 4). In this case, 
principal component analysis confi rmed clear separation 
of  viral patients from controls. Partial overlap was seen 
between alcoholic patients and controls. Finally, the group 

Table 2 Concentrations (mmol/L) of 31P visible metabolites in the liver according to different etiologies and CPS

      n       PME                Pi               PDE  ATP          CPS                   n                PME                    Pi    PDE             ATP

Controls     11    3.09±1.45         1.63±0.55       10.83±2.68           3.72±0.99              -                -                    -                         -        -        -
Alcohol     33    3.48±1.53         1.19±0.39a,c    6.52±2.29d,f          2.86±0.80b             A                5              3.87±2.05         1.17±0.32 8.35±1.26 3.43±0.53
                                        B                6              3.50±1.32         1.17±0.35 6.22±2.01c 2.92±0.55
                                        C              22              3.38±1.51         1.21±0.43a 6.18±2.40c    2.71±0.87b

Viral     22   3.64±1.55         1.57±0.77c      6.47±3.13d,f         2.84±0.92b              A                7              3.47±1.92         1.54±0.69 8.95±2.37 3.27±1.20
                                         B                8              3.99±1.51         1.51±0.63 6.23±2.72c    2.59±0.74b

                                         C                7              3.40±1.41         1.66±1.04 4.26±2.66c   2.69±0.74a

1Cholestatic     16  3.59±1.31         1.43±0.63       9.36±2.70            3.27±0.90               A                   2                      -                        -          -         -
                                          B              10              3.44±1.26         1.26±0.66 8.94±2.34 3.24±0.89
                                          C                4                      -     -         -         -

aP<0.05, bP<0.01, dP<0.001 vs the control group; cP<0.05 between alcohol and viral etiological groups; fP<0.001 vs the cholestatic group.
1The cholestatic group was not divided into subgroups refl ecting CPS because of the insuffi cient number in groups CPS-A and CPS-C.

Figure 4 Results of principal component analysis (etiology). (A) Individual positions 
of spectra of patients with CPS-B and C together with a control group are displayed 
on the PCA plot. Etiological groups (alcoholic, viral and cholestatic) and controls are 
bounded. Principal component 1 explains 46 % of total variance, principal component 
3 explains 17% of total variance; (B) Projection of the principal component loadings 
on the planes 1 and 3.
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Figure 3 Results of principal component analysis (CPS). Individual positions of 
spectra displayed on the PCA scatterplots. Principal components are standardized 
(centered and scaled to unit variance). Principal component 1 explains 47 % of total 
variance, principal component explains 3 16% of total variance. (A) Patients with 
only alcoholic etiology and controls; (B) patients with only viral etiology and controls. 
Child-Pugh score subgroups (A, B, and C) and controls are bounded. (C) Projection 
of the principal component loadings on the planes 1 and 3.
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of  cholestatic patients overlapped all groups.
By comparing differences in 31P MR spectra of  

patients to controls we could distinguish alcoholic, viral 
and cholestatic etiologies of  liver cirrhosis. Patients with 
alcoholic and viral etiology differed in PDE and ATP 
from the control group. Unlike viral etiology, patients with 
alcoholic etiology also differed from the control group in 
Pi (P<0.05). No signifi cant changes were found in patients 
with cholestatic disease and the control group; however, this 
group differed from both alcoholic and viral groups in PDE. 

DISCUSSION
Diagnosis of  liver cirrhosis is mainly based on invasive 
methods such as liver biopsy, laparoscopy, various 
radiological examinations and other clinical tests. The 
functional severity of  liver cirrhosis is usually described 
by CPS which is partially based on subjective parameters. 
Thus, this description is not fully sufficient and can 
impair accuracy. On the other hand, signals from 31P 
MR spectroscopy reflect intracellular and membrane 
metabolism in vivo non-invasively and they are objective 
parameters[6,7,8,10].

From our data above, we are able to conclude: (1) three 
basic etiologies can be distinguished by using correlation 
with metabolite concentrations; (2) there exists a correlation 
between the Child-Pugh score and the concentration of  
PDE and ATP, which is also observable in single etiologies.

The majority of  published 31P MR spectroscopic studies 
have dealt with quantifi cation of  relative signal intensities 
characterized by ratios such as PCr/Pi, Pi/ATP etc. Unlike 
previous studies, where only relative signal ratios were used, 
we measured absolute concentration of  the metabolites[11]. 
Absolute quantifi cation of  metabolites in mmol/L is not 
often used because of  technical problems[12,16]. However, 
we believe that only relative quantification using signal 
intensity ratios cannot fully describe metabolic changes and 
absolute quantifi cation should be taken into account even 
if  a number of  correction factors must be calculated. For 
example, if  two or more compounds increase or decrease 
together, only the absolute quantifi cation of  independent 
metabolites accurately describes the event as signal ratios 
may remain unchanged.

PCA analysis of  PME, Pi, PDE and ATP concentrations 
showed different localization of  the etiological groups 
and trends in accordance with the CPS (Figures 3 and 4). 
Projection of  the variables confi rmed the similarities of  ATP 
and PDE spectroscopic parameters. The best separation 
was obtained in the projection on the principal component-
planes 1 and 3 despite losing some information available 
in the projections 1 and 2. The principal component 2 
correlated specifically with PME. Nevertheless, in our 
study PME had high variation so that we did not use the 
projection on the component-plane 1 and 2.

Standard statistic tests confi rmed the trends observable 
in PCA graphs. Data show a mean decrease of  about 23% 
in ATP in patients with alcohol etiology versus the control 
group. A similar decrease of  ATP concentration was also 
observed in the group of  patients with viral etiology. In 

both groups we found that the decrease strongly depend 
on the CPS. Nevertheless, the higher difference was foud 
between CPS group A and CPS groups B and C. A very 
small difference was observed between CPS groups B 
and C which could be explained by the overall severity of  
hepatocyte dysfunction. Contrary to the alcoholic and viral 
groups, no statistically signifi cant changes were found in 
ATP concentration in the cholestatic group. 

Our findings in the group of  alcoholic patients 
correspond to the results of  animal studies. A number 
of  reports show decreased levels of  ATP in the liver 
of  animals chronically fed ethanol. ATP levels could be 
measured using the intragastric feeding model[17,18]. In rats 
feeding a high-fat, low protein diet plus alcohol (similar to 
the diet of  malnourished human alcoholics) levels of  ATP 
decreased and remained constant at 35 % lower than levels 
of  ATP in control animals. Hypoxia resulted in a decrease 
in hepatic levels of  ATP in both ethanol-fed and control 
rats, but the magnitude of  the decrease was signifi cantly 
greater in the ethanol-fed group. Levels of  adenosine 
monophosphate (AMP) and adenosine diphosphate (ADP) 
were not changed. 

The most impor tant change was a decreased 
concentration of  PDE which is considered to be an 
indicator of  membrane phospholipids and catabolic 
processes. The rate of  PDE change was different in various 
etiologies. When etiological groups were compared to the 
control group regardless of  CPS status (Table 2), mean 
PDE values were found to be about 60% in alcoholic and 
viral patients (P<0.001 to controls, and P<0.005 compared 
to the cholestatic group) and about 86% in the cholestatic 
group (without statistical significance). Moreover, in 
CPS-C groups, PDE concentration decreased to 39% of  
the control value in viral patients (58% in CPS-B) whereas 
in alcoholic patients PDE did not further decrease (57% 
of  control PDE value in CPS-B and CPS-C). The fact 
that the changes are already signifi cant in milder stages of  
cirrhosis (CPS-B) can improve the diagnostic effectiveness 
of  this method. Unlike a previous study[9], our results were 
more pronounced in more severely affected patients.

We also studied PME concentration, which mainly 
represents intermediates on the phospholipid biosynthesis 
pathway. Although some other studies describe an 
increased PME signal[7,9,19-21], our data only show a 
statistically non-signifi cant trend.
    The last measured concentration - inorganic phosphate 
Pi - has been found to change only in alcoholic patients 
(P<0.05). Thus, inorganic phosphate concentration could 
be used to separate patients with alcoholic and viral 
etiology.

Observed signals in 31P MR spectra describe many 
metabolites in intra and extracellular liver tissue. It is known 
that many types of  cells (hepatocytes, cholangiocytes, 
vascular wall cells, hepatic stellate cells macrophages and 
others) contribute to liver metabolism depending on their 
status. Changes in extracellular matrix also infl uence the 
concentration of  energetic metabolites. Although 31P 
MR signals from the liver represent whole parenchymal 
tissue, the results of  our study have confi rmed previous 
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fi ndings that metabolic changes in energetic phospholipid 
metabolism are observable by 31P MRS in patients 
with decompensated cirrhosis in contrast to patients 
with compensated cir rhosis. In addition, different 
concentrations of  metabolites in various etiologies indicate 
different damages of  liver parenchyma.

In conclusion, according to differences in 31P MR 
spectra of  patients and controls, we can differentiate 
various etiologies of  liver cirrhosis, i.e. alcoholic, viral and 
cholestatic. Patients with alcoholic etiology differed in all 
selected metabolites except for PME from the control 
group. Patients with viral etiology differed from controls 
only in PDE and ATP, and no significant changes were 
found in patients with cholestatic disease. We suppose that 
this reflects different pathophysiological mechanisms of  
various liver diseases.

The importance of  a larger, multicentric study to 
delineate ranges, borders and significant parameters for 
different cirrhotic groups (etiological and/or functional) in 
the nearest future is advisable. That will be the only way to 
assess the clinical relevance and usefulness of  31P MRS in 
liver cirrhosis. The application of  this noninvasive method 
in liver patients will increase. The ultimate goal is the use 
of  31P MRS as a standard tool in the armamentarium of  
clinical hepatologists.
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