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Introduction: Magnetic resonance spectroscopy (MRS) is a sensitive and noninvasive imaging method that provides information about the metabolite variations
due to pathological damages. In this study, we aimed to systematically review
studies in which the MRS had been used for quantitative analysis of steatohepatitis.
Methods: PubMed and Scopus were methodically searched in June 2015 with
following search method (((magnetic resonance spectroscopy OR MR spectroscopy
OR MRS)) AND (hepatic steatosis OR steatohepatitis OR fatty liver)) AND
Quantitative) to find relevant documents in which the diagnostic value of MRS had
been investigated in patients with hepatic steatosis. Obtainable information were
extracted and used for further evaluation based on the main purpose of this study.
Results: Of 88 articles found in the PubMed and 328 found in the Scopus, only
10 relevant documents were selected and used for data extraction according to
inclusion/exclusion criteria. Of total 2963 participants enrolled in the selected
studies, 1428 were male and 1535 were female. The results of this review showed
that MRS is reliable technique for quantitative assessment of steatohepatitis.
Conclusion: Findings showed that MRS as a non-invasive imaging method can
quantitatively determine even small changes of metabolites due to pathological
damages. As well, findings suggested that the results obtained by MR spectroscopy
can be considered as reference standard in quantitative analysis. Based on the
results of studied documents, MRS as a sensitive tool is helpful in the quantitative
assessment of patients with fatty liver disease.
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Introduction

Nonalcoholic fatty liver, commonly known as
hepatic steatosis, is a liver inflammation caused by
excessive accumulation of the fat in the liver cells
(1). In fatty liver disease, hepatic accumulation of
excess fat often leads to impaired normal functioning of the liver, which can cause rapid progression
of liver failure, liver cirrhosis and other hepatic infections (2,3). Although the main cause of fatty liver disease is unknown, but it is suggested that the
disease is closely associated with some metabolic
disorders such as obesity, diabetes, and high cho-
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lesterol as well as high blood triglycerides (4). Fatty
liver disease is divided into three main categories
of alcoholic, and nonalcoholic fatty liver and acute
fatty liver of pregnancy (AFLP), which is a rare but
potentially fatal condition of liver complication
(5). Alcohol and some particular drug consumption as well as some metabolic disorders can be
considered as the main possible causes of hepatic
steatosis. In recent years, the prevalence of obesity
and metabolic disease in the population, especially among young people is considerably increased
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(6,7). About 10 to 20 percent of people in the United States suffer from this disease, and most cases
of fatty liver are diagnosed between the ages of 50
to 60 years (7).
Fatty liver is not specific to any particular age or
sex, and it may be observed even in children, especially those who have related genetic disorders.
However, the incidence of the disease may rise in
elderly, because fat and blood sugar is increased in
these populations. Although some symptoms such
as fatigue and pain in the upper-right abdomen is
common in all patients; but, the most important
problem is that there is no major clinical symptoms
for fatty liver, and the disease can only be diagnosed
by biochemical testing or ultrasound (8,9). Considering that in different pathologies the amounts and
proportions of detectable metabolites varies, it is
possible to determine the type of lesion and the
progression of pathologies by measuring these metabolites. Major clinical examinations that are used
to determine the risk of fatty liver include blood
tests, imaging, and testing of liver tissue. Magnetic
resonance spectroscopy (MRS) can be effectively
used in diagnosis of pathological lesions, diabetes,
and malignancies by detection of metabolites in the
damaged area (10). Previously, such information
had been obtained only through the biopsy, which
is a difficult, time-consuming and sometimes dangerous procedure. In recent years, these data can
be obtained in a few minutes by using MRS as a
completely non-invasive and harmless technique.
Findings show that MRS is a suitable technique to
determine liver damages such as hepatic steatosis.
In this study, we aimed to systematically review the
literatures in which the MRS had been used to determine hepatic steatosis quantitatively.

Methods

Search methods
All articles in which the MRS had been used to
diagnose hepatic steatosis were searched in the
PubMed and Scopus as two major databases. For
this purpose, these databases were searched using
the key terms “magnetic resonance spectroscopy”,
and “hepatic steatosis”. Following search strategy “(((magnetic resonance spectroscopy OR MR
spectroscopy OR MRS)) AND (hepatic steatosis OR
Steatohepatitis OR fatty liver)) AND Quantitative)”
was used to find related documents in which the
fatty liver disease had been quantitatively diagnosed using MRS. Google Scholar and Google search
engine were searched as well with the previously
described search method to include other possible relevant articles. The databases search was
completed on June 2015. As well, relevant articles
found through manually reference list searching of
previously collected articles were also included to
46

reduce the data loss.

Study selection and inclusion/exclusion criteria
To avoid any possible errors and misinterpretation of data in all processes of data extraction, only
English articles were selected and used for further
evaluation. Articles with various types of study designs were collected and included for further data
collection. But, letters, case reports, editorials, conference papers, review articles and meta-analysis
were excluded from further evaluation. The records
were then limited to those studies, which were conducted on human. Thus, studies conducted in vitro
or on animal models were subsequently excluded
from further assessment. Those studies in which
MRS had been used to detect pathological changes other than hepatic steatosis were also excluded
from further assessment. As well, to avoid data loss
in further processes of data analysis, articles with
full text unavailability were omitted during article selection. No time limitation was defined for
literature search. Therefore, the general inclusion
criteria for article selection were all English documents in which the practicality of MRS technique
had been evaluated to detect hepatic steatosis in
patients with fatty liver disease. For further evaluation of the papers in detail, articles with subject
or language irrelevancy, as well as documents with
duplicated data were excluded by reviewing the
title, keywords and abstract of selected literatures.
Data extraction
Data including the date of publication, the name
of first author, the country of study, study design,
method of assessment and other available critical
findings were extracted and used for data synthesis based on the main purpose of this study. All other obtainable information including total number
of participants and demographic data of studied
populations were collected as possible regarding
the previously defined inclusion and exclusion criteria. Data were categorized based on the findings
of selected documents reporting the sensitivity
and usefulness of MRS technique for quantitatively and correctly detection of fatty liver disease. All
processes including articles selection and data extraction were performed with standard protocol by
two independent reviewers according to the recommendation of PRISMA 2009 checklist (11). The
authors tried to resolve any possible discrepancies
before proceeding to the next step of data synthesis.

Results

Study search results
Total of 416 articles were found in database
searches where 88 were in the PubMed, and 328
records were in the Scopus. By reviewing the title
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and abstract of articles, almost 196 articles were
omitted in the first step of article selection due to
subject irrelevancy. Moreover, 139 and 66 documents were also excluded in subsequent process
of article selection due to language irrelevancy
and duplication, respectively. By comprehensive
reviewing of the articles and considering the previously defined inclusion/exclusion criteria, only 15
unique records seemed to be more relevant to the
purpose of this study. By manual reference screening of the previously included articles, 7 additional
documents were also included and used for data
extraction. Two unique documents were also found
through searching in Google Scholar with previously described search strategy. Finally, after several strict step by step processes in the selection of
appropriate documents, only 10 relevant articles,
which fully met the defined inclusion criteria were
selected and used for data synthesis regarding the
results in which the practicality and efficiency of
MRS had been reported on quantitative analysis
of hepatic steatosis. Figure 1 shows the strategy of
literature search and processes of study selection.
Article found in
Pubmed
n=88

Article found in
SCOPUS
n=328

Total records
n=416

Full text articles assessed for eligibility
n=15

Papers excluded
at final assessment
n=14

Papers excluded due to
duplication OR
irrelevancy
n=401

Additional records
through google scholar
and reference list search
n=9

Total records assessed
for data
extartion
n=10

Figure 1. Flowchart for processes of article selection.

General characteristics of the included documents
A total of 2963 participants had been enrolled
in the selected studies in which the usefulness of
MRS had been practically evaluated in patients
with fatty liver disease. Male to female ratio was
0.89 where 1428 of participants were male and
1535 were female. The age of studied population
in the selected studies varied from 11 to 82.

Minimum and maximum numbers of the patients
participating in the selected literatures were
12 and 2287, respectively. Different methods
including histopathological evaluation, SteatoTest,
and liver biopsy as well as MR examinations
including magnetic resonance imaging (MRI) and
MRS had been used in the selected literatures to
evaluate variables such as fatty liver index (FLI),
hepatic steatosis index (HSI) and other detectable
histopathological indexes. Although the methods
differed in each study, but the basic procedures for
spectroscopic analysis in the included literatures
were as follows: First, MRS measurements
performed in patients were in supine position,
breathe freely; the data were then processed
with software such as jMRUI. Afterwards, signal
resonances from water and fat were analyzed and
fitted with lorentzian line shapes. Then, depending
on the aim of the study, correction for T2 relaxation
had been performed.
The most recent and old publication was
published in 2014 and 2005, respectively. General
characteristics of included articles in this literature
review are summarized in Table 1 in chronological
order of their published time.
Study results
The results of this literature review showed
that the MRS is a suitable and accurate technique
in clinical practice, especially for pathological
assessment. Almost all of the included articles
showed that the quantification of liver fat and
intrahepatic lipid content with proton MRS is
very accurate and correlates with histopathologic
findings. Findings also showed that MRS is a
more accurate method with a higher sensitivity
compared to MRI, so that even small amounts of
hepatic lipids can be precisely detected by MRS.
Comparative studies included in this review had
concluded that biological markers and indexes such
as SteatoTest, FLI and HSI as well as biopsies cannot
replace H-MR spectroscopy for the assessment
of small quantities of liver fat content. Therefore,
(1) H-MRS can be considered as a reliably method
for the quantitative assessment of liver steatosis.
In another study, it was shown that phosphorus
magnetic resonance spectroscopy ((31) P-MRS)
can detect biochemical changes in different states
of fatty liver disease; in addition, it has reasonable
diagnostic accuracy for hepatic steatosis.

Discussion

There are several diagnostic tools including
biopsies, MRI, and evaluation of other pathological
biomarkers for detection and assessment of liver
function. Although biopsy is the current reference
standard for assessment of pathological metabolite
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Table 1. General characteristics of the included articles.
Author
Year
Reference

Country

Study design*

Study population®

Sex

Patients number

Abrigo JM
2014
(19)
Georgoff P
2012
(20)

Hong Kong

CSS

Steatohepatitis

Male: 79
Female: 72

151

Guiu B
2012
(21)

France

CT

T2D patients

220

Koelblinger C
2012
(22)

Austria

PCS

Liverresection

Male: 110
Female: 110

Van Werven JR
2011
(23)

Netherlands

PCS

USA

ES

Male: 7
Female: 31

38

Sharma P
2009
(24)

Morbidly obese patients

Zhong L
2009
(25)

China

RCT

36

Wang N
2008
(26)

China

CCS

Male: 16
Female: 20

Machann J
2006
(27)

Germany

CS

Fattyliver disease

90

Szczepaniak LS
2005
(28)

USA

RCT

Hepatic steatosis

Male: 32
Female: 58

USA

PCSS

Steatohepatitis

Hepatic steatosis

Diffusefatty liver patients
Fattyliver disease

Male: 38
Female: 14

52

Male: 17
Female: 18

35

Male: 11
Female: 1

12

Male: 38
Female: 4

42

Male: 1080
Female: 1207

2287

*RCT: Randomized controlled trial, CSS: Cross-sectional study, CCS: Case-Control studies, PCSS: Prospective cross-setional, ES: Evaluation study, CS: Comparative study, PCS: Prospective cohort study, CT: Clinical trials. ® T2D: Type 2 diabetic patients.

changes, but because this approach is an invasive
technique and could be encountered an error
at various stages of sampling and monitoring;
therefore, it is suggested that MRS can be
considered as a non-invasive and reliable clinical
reference standard in this regard (12,13).
Studies suggested that MRS can be used for
quantitative characterization of pathologically
damaged tissues. This method is widely used
for properly evaluation of metabolite changes
including abnormal accumulation of a compound
in tissues (14,15). Clinical evaluations have shown
that histologically non-significant alterations in the
level of metabolites can also be detected by MRS
(15). Due to high accuracy, MRS may also be used
for evaluation of postmortem neuronal pathology
(16). It is also shown that MRS is a robust method
to characterize hepatocellular pathology with
high accuracy (17). Since the capabilities and
practicality of MRS are still under study; however,
spectroscopy techniques, especially 1H-MRS are
still a trustful research tool for clinical evaluation
in routine liver examinations (13). In this regard,
many trials are registered to National Institutes of
Health (NIH) (https://clinicaltrials.gov/ct2/show/
NCT00940537) to evaluate the efficiency and
48

accuracy of MRS for metabolic variations, especially
for any changes in fat and triglyceride content.
MRS is an accurate, reliable and non-invasive
method for detection of even small quantities
of liver fat contents. Findings suggest that MR
spectroscopy can serve as a reference standard for
quantification of hepatic steatosis (18). Moreover,
it was found that MRS can be considered as a
sensitive and specific assessment technique for
the detection of fatty liver disease. Also the results
showed that sensitivity and specificity of MRS as a
non-invasive technique for the detection of hepatic
steatosis is near to 100%. Therefore in some
studies, this technique has been used as reference
standard to evaluate the practicality of other
techniques such as MRI and biopsies. However,
potential limitations of MRS include the blurred
image quality due to lower magnetic field strength
during free breathing. Moreover, in patients with
low lipid content, MRS results may lead to falsely
augment measured lipid.
Findings show that compared to computed
tomography (CT) scan and MRI, 1H MRS reflects
the severity of fatty liver disease with considerable
accuracy. In addition, it is a sensitive, non-invasive,
and the most accurate quantitative technique for
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the detection of liver fat content.

Conclusion

Findings of articles included in this literature review demonstrated that the magnetic resonance
spectroscopy is a widely used non-invasive imaging
technique that provides spectroscopic information
about metabolic changes in pathologically damaged area. The results of this study also showed
that MRS can be used as a reference standard method to evaluate pathologies, and other techniques
such as SteatoTest, FLI, HSI and biopsies cannot
replace MR spectroscopy for the assessment of liver fat content. As well, findings showed that MRS is
a suitable technique for quantitative evaluation of
liver steatosis.
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