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ARTICLE INFO ABSTRACT

Purpose: Given the growing prevalence of obesity and metabolic syndrome, the management of hepatic steatosis,
especially its quantification, is a major issue. We assessed the quantification of liver steatosis using four different
MR methods, in order to determine the one that is best correlated with the reference method which consists of
histological measurement by liver biopsy.

Method: Seventy-one successive patients requiring liver biopsy for acute or chronic liver disease were enrolled
prospectively between March 2017 and March 2018, 11 were excluded and 60 were reported. Liver MR (1.5 T)
was organised in order to be performed the same day, using four different steatosis quantification techniques (3-
echo MRI, 6-echo MRI, 11-echo MRI and MR Spectroscopy). Quantitative histological and imaging data were
compared. In a secondary analysis, we studied the possible influence of alcohol drinking, hepatic iron overload,
and the presence of liver fibrosis.

Results: All four MR techniques were found to have excellent correlations with the histological measurements: 3-
echo MRI (r = 0.852, p < 0.001), 6-echo MRI (r = 0.819, p < 0.001), 11-echo MRI (r = 0.818, p < 0.001)
and MR Spectroscopy (r = 0,812, p < 0,001). Interestingly, we also found that the presence of alcohol con-
sumption, iron overload and fibrosis did not interfere with measurements, whichever technique was used.
Conclusion: In the evaluation of hepatic steatosis, our study showed very good correlations of all four MR
techniques with the histological standard. There was no confounding factor in a representative group of patients
with associated liver conditions such as alcohol consumption, fibrosis and iron overload, for each technique. All
four MR techniques may be used in daily practice.
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1. Introduction

Hepatic steatosis is caused by the accumulation of triglycerides in-
side the hepatocytes, due to two main causes: Alcoholic Fatty Liver
Disease (AFLD) [1], or Non-Alcoholic Fatty Liver Disease (NAFLD).
NAFLD is an increasingly common disease, with a worldwide pre-
valence estimated at 25% [2-4]. It is associated with the growing
prevalence of obesity and metabolic syndrome, which have resulted

from changes in eating habits over the last two decades [5-7]. Often
asymptomatic at the outset, its clinical implications can be dramatic,
ranging from simple steatosis to steatohepatitis (non-alcoholic steato-
hepatitis or NASH), which can evolve into fibrosis and cirrhosis later
on, and subsequent complications (hepatic insufficiency and HCC) [8].
It is the most common chronic liver condition, before alcoholic cirrhosis
and hepatitis viral C cirrhosis [9], becoming the primary cause for liver
transplants [10-12]. The need for reliable, reproducible and repeatable

Abbreviations: 18F-FDG PET/CT, 18fluorodeoxyglucose positron emission tomography with computed tomography; ALAT, alanin aminotransferase; ALP, alkaline
phosphatase; ASAT, aspartate amino transferase; GGT, gamma glutamyl transferase; HCC, hepato cellular carcinoma; HDL, high density lipoprotein; LDL, low density

lipoprotein; PDFF, proton density fat fraction; ROI, region of interest
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quantification for patient follow-up has become urgent. The gold
standard for diagnosing NAFLD is hepatic biopsy [13], but this tech-
nique has many drawbacks: it is invasive (leading to risks of haemor-
rhage), expensive, it doesn’t allow complete exploration of the liver,
and its quantification usually remains semi-quantitative and subjective.
Finally, its estimation does not mirror the actual quantity of hepatic
triglycerides, but the proportion of hepatocytes affected. In this fra-
mework, CT-scan and ultrasound fail to provide the necessary precision,
although quantitative methods are emerging such as Controlled At-
tenuation Parameter (CAP) using transient elastography [14-17].
Magnetic Resonance techniques have already proved efficient in
quantifying steatosis in recent years [18-20]. Proton MR Spectroscopy
(1H-MRS), which uses the difference in frequency between lipids and
water, is considered as the non-invasive gold standard. Multi-echo
gradient-echo MRI, which is based on the difference in phase between
water and lipids, enables satisfactory quantification by minimizing ef-
fects due to T1-relaxation by applying a low flip angle and by correcting
the T2* effect with different echo times; many different sequences have
been developed by constructors. Several studies have shown a good
correlation of MRS and MRI with histology [21,22] and between each
other [23]. To the best of our knowledge, all similar previous studies
excluded patients with alcohol consumption or viral hepatitis. The
originality of our study is based on synchronous analysis of four MR
techniques versus histology in a population reflecting the daily-practice
(alcoholic and nonalcoholic patients).

The objective of this study was to evaluate four MR techniques - MR
Imaging 3, 6 and 11 echo and MR Spectroscopy - in the quantification
of hepatic steatosis of a population of patients with liver diseases in
comparison to the reference method, i.e. histological analysis.

2. Material and methods

This prospective study was validated by our national Committee on
Protection to Individuals. The Clinical Trial’s registry identifier was
NCT03142698. All the patients included signed an informed consent
form. The employees of Siemens had no rights over the data collected.
There was no conflict of interest.

2.1. Study design and patients

A single center, prospective study was carried out between March
2017 and March 2018, based on patients in whom a liver biopsy was
required. This population was contacted by the Digestive Diseases
Department of the University Hospital of Clermont-Ferrand. The in-
dication for biopsy was determined by a hepatologist. MR examination
was performed on the same day as the biopsy or in the days prior to it if
necessary. The eligibility criteria were patients requiring a liver biopsy,
aged between 18 and 90 years old and who signed informed consent.
The inclusions were made without distinction of their underlying liver
disease and particularly alcohol consumption wasn’t an exclusion cri-
terion. The physician prescribing the examination informed the patients
of the study. The exclusion criteria were contraindications to MRI and
non-contributory biopsy or MRI.

2.2. Methods

2.2.1. Clinico-biological data

The Body Mass Index (BMI) was calculated in kg/m?, as defined by
the World Health Organisation. We also collected histories of diabetes,
dyslipidaemia, current alcohol consumption (> 20 g of alcohol per day
for women, > 30 g per day for men), chronic viral B or C hepatitis and
cirrhosis. The following biochemical tests were obtained on the same
day as biopsy and/or MRI: ASAT, ALAT, GGT, ALP, bilirubin, glucose,
triglycerides, HDL and LDL cholesterol.
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2.2.2. Biopsy and histological analysis

A transparietal biopsy within the right liver lobe was performed
when possible, or in case of contraindications (abnormal coagulation,
significant peritoneal effusion) via transjugular liver biopsy. The sam-
ples were analysed by a single liver-pathologist (J.JZ) with 20 years’
experience, blinded to the MRI results. The proportion of fat was first
estimated quantitatively in percentage then classified according to the
NASH Clinical Research Network NAFLD activity score and fibrosis
score [24], into 4 grades: grade 0, steatosis < 5%, grade 1; steatosis
between 5 and 33%); grade 2, steatosis between 33 and 66% and grade 3
steatosis > 66%. Lobular inflammation was graded and fibrosis was
evaluated according to the METAVIR score: FO, F1, F2, F3 and F4. Iron
overload was evaluated as absent, low, moderate or considerable.

2.3. Radiological analysis (MRI-MRS)

2.3.1. Image acquisition

The examinations were performed on a 1.5-Tesla MRI (Aera,
Siemens Healthcare), using a eighteen-channels phased-array body coil,
without post-processing filters. An initial axial T2 HASTE morpholo-
gical sequence was performed at the beginning of each examination.
After avoiding T1 effect by applying a low flip angle of 5°, three multi-
echo gradient-echo sequences were performed: a 3-echo MR Imaging
sequence, consisting of a 2D three-echo gradient-echo sequence lasting
44 s, with the 1st TE at 2.46 ms in phase, the 2nd at 3.69 ms out-of-
phase and the 3rd at 4.92 ms in phase; acquisition was volumetric [25];
an 11-echo MR Imaging sequence consisting of a 2D eleven-echo gra-
dient-echo sequence lasting 16 s, with eleven TE every 2.4 ms ranging
from 2.4 to 26.4 ms, TR = 120 ms; acquisition was single section pas-
sing through the liver and the spleen [26]; and a 6-echo MR Imaging
sequence consisting of a Siemens® Liverlab T1 Vibe six-echo gradient-
echo sequence, lasting 38s, with TE = 2.38, 4.76, 7.15, 9.53, 11.91,
14.29 ms; acquisition was volumetric with the positioning of a single
ROI at segments V-VI. Then, a MR Spectroscopy sequence was per-
formed, consisting of a single voxel spectroscopy STEAM (Stimulated
Echo Acquisition Mode) sequence with a voxel of 3 x 3x 3 cm, lasting
15s with TR = 3000 ms, 5 TE at 12, 24, 36, 48, 72 ms for moderate iron
concentrations, and at 12, 15, 18, 21, 24 ms for high concentrations,
with the positioning of VOI during acquisition at segments V-VI, as for
the latter technique.

2.3.2. Post-processing of images

was performed on a SIEMENS® Syngovia console via the MacKesson
PACS system, allowing the radiologists (C.B., 4 years of experience and
B.M., 8 years of experience), blind to clinico-biological data and to the
histological results, to collect the 4 percentages of hepatic fat for each
patient; the ROI was placed in the same liver region ((segment V — VI)
for each patient and each technique. For the 3-echo MRI sequence, fast
calculations of less than two minutes were needed to the operator at the
console to obtain a map of the hepatic lipid distribution over the whole
volume of the liver. Thus, the percentage of intra-hepatic fat was ob-
tained directly with an ROI of about 1 cm in diameter at segments V-VI.
The 11-echo MRI sequence was processed by Iron By MR (now called
MRQuantif in the new version of the website), a post-processing soft-
ware openly accessible on the web; it consisted in positioning three
ROIs in the liver, two ROIs in the para-vertebral muscles, one ROI in the
spleen and one ROI in the background noise on a single image, syn-
chronised on the other images corresponding to other TEs. This enabled
us to obtain the results of the amount of intra-hepatic fat, intra-hepatic
and intra-splenic iron [26]; we considered an iron overload for con-
centrations > 50 umol/g. The 6-echo MRI sequence was treated with
the LiverLab software, allowing the automatic contouring of the liver
and the positioning during acquisition of a ROI inside segments V-VI;
this led to the automatic generation of, among others, a diagram
showing the percentage of fat and its standard deviation. Finally, again
using the Liverlab software for the MRS sequence, spectra and report
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were automatically generated containing, among others, the percentage
of fat for the VOI positioned during acquisition in the segments V-VI.

2.4. Statistical analysis

The sample size estimation was calculated to highlight a correlation
coefficient (between the histological percentage reference and the four
percentages obtained by MRI and MRS) greater than 0.50 for a two-
sided type I error at 0.001 (correction due to multiple comparisons) and
a statistical power greater than 80%. Statistical analyses were per-
formed using Stata software (version 13, StataCorp, College Station, TX,
US). Continuous data were expressed as mean * standard-deviation
(SD) or median [interquartile range] according to statistical distribu-
tion (assumption of normality assessed using the Shapiro-Wilk test).
The study of relationships between quantitative variables was per-
formed using correlation coefficients (Pearson or Spearman, according
to the statistical distribution) applying Sidak’s correction to take into
account the multiples comparisons. Then, a ROC curve analysis was
performed to determine the most discriminative approach in relation to
the histological results, comparing the ROC curves using DeLong et al
method [27]. Furthermore, linear regressions were conducted to esti-
mate conversion coefficients between each MR percentage and the
histological percentage. The normality of residuals was studied using
the Shapiro-Wilk test. When appropriate, a transformation (loga-
rithmic) was applied to achieve the normality. Finally, the comparison
between independent groups was performed using the following sta-
tistical tests: for quantitative variables, ANOVA or Kruskal-Wallis test if
the assumptions of ANOVA were not met (normality and homo-
scedasticity studied by the Fisher-Snedecor test) and for categorical
parameters, Chi2 test or Fisher’s exact tests.

3. Results
3.1. Population (Fig. 1)

During the study period, 71 consecutive patients requiring a liver
biopsy were enrolled. 11 were excluded: 3 because of claustrophobia, 2
were fitted with a pace-maker, 4 because of biopsies finally not per-
formed or non-contributive and 2 for non-useable MRI data. Therefore,
60 patients were reported.

3.2. Clinico-biological data (Table 1)

The sixty patients included in our study comprised forty-three men
and seventeen women. The average age was 57.9 years. The average
BMI was 28.8 kg/m? 42% of the patients were obese (25 out of 60).

71 patients requiring
hepatic biopsy over the
study period, who have
signed the consent form

11 patients excluded:

- 3 claustrophobic

- 2 with Pace-Maker

- 4 no contributing biopsics
- 2 no contributing MRI data

60 patients included in the
study

Fig. 1. Flow chart of the study.
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Table 1

Demographic, biological, histological and MR Imaging data.

Characteristics of the 60 patients in the study

Demographic

Age (years)

Men, n (%)

Women, n (%)

BMI (kg/m2)

Cirrhosis, n (%)

Regular alcohol consumption, n (%)
Diabetes, n (%)

Dyslipidemia, n (%)

Biopsy

Transparietal biopsy, n (%)
Transjugular biopsy, n (%)

Time between MRI and biopsy (days)
Biology

AST (U/L)

ALAT (U/L)

GGT (U/L)

ALP (U/L)

Total bilirubin (umol/L)
Glycaemia (mmol/L)

Histology

Percentage of hepatic steatosis (%)

Total = 60

57.9 = 12.4 (31-85)
43 (72)

17 (28)

28.8 = 4.4 (21.5-42)
35 out of 60 (58)

23 out of 60 (38)

23 out of 60 (38)

22 out of 60 (36)

35 out of 60 (58)
25 out of 60 (42)
05 *03(0-7)

108 + 321 (16-2513)
85 + 119 (14-750)
23 295 (18-1611)
16 138 (25-815)
72 131 (3-668)
5.8 1.5 (2.6-11)

8 +
9 *
+
+

20.6 = 20.4 (0-80)

Steatosis Grade 0, n (%) 24 (40)
Steatosis Grades 1, 2, 3, n (%) 36 (60)
Steatosis Grade 1, n (%) 21 (35)
Steatosis Grade 2, n (%) 13 (22)
Steatosis Grade 3, n (%) 2(3.3)
NASH 17 (28)
Iron overload, n (%) 17 (28)
Fibrosis (Grade = 2), n (%) 39 (65)

Length of biopsy (mm) 20 = 8 (10 -45)
Imaging: Proton Density Fat Fraction
3-echo MRI (%)

11-echo MRI (%)

6-echo MRI (%)

MRSpectroscopy (%)

Iron overload, n (%)

5.84% * 5.3 (0.6 - 22)
5.30% *+ 5.5 (0.2 - 21.5)
5.85% *+ 5.0 (0 - 19)
8.37% * 6.1 (2 - 25.7)
19 (31)

The values are given in numbers over the total number and percentage in
parentheses for the discrete quantitative values, and in mean + standard de-
viation (minimum - maximum) for the continuous quantitative variables.

Thirty eight percent of the subjects consumed alcohol regularly (23 out
of 60), 36% presented dyslipidemia (22 out of 60) and 38% had dia-
betes (23 out of 60).

3.3. Biopsy (Table 1)

A transparietal biopsy was performed on 58% of the subjects (35 out
of 60) and a transjugular biopsy on 42% (25 out of 60). The average
length of the biopsy was 20 mm. The biopsy indications were: suspicion
of NASH (17 out of 60); assessment of chronic liver disease (11 out of
60) including cirrhosis research in patients with portal hypertension
(n = 5), fibrotest-fibroscan discrepancy (n = 3), pre-operative assess-
ment (n = 1), suspected cholangitis (n = 1), suspected sarcoidosis
(n = 1); assessment of acute hepatitis (17 out of 60) including alcohol
use disorder (n =16) and unknown aetiology (n = 1); suspected
chronic rejection of liver graft (2 out of 60); assessment of non-tumoral
liver tissue in patients explored for a nodule (13 out of 60).

Overall, 25 patients had a NAFLD, 16 patients an alcoholic liver
disease, 7 a mixed etiology and 12 miscellaneous liver diseases.

3.4. Histological quantification (Table 1)

40% of subjects had grade 0 hepatic lipid overload; 35% of subjects
had grade 1; 22% grade 2 and 3% grade 3. Twenty eight percent pre-
sented hepatic iron overload, 28% had NASH and 65% had fibrosis
grade =2. The average percentage of steatosis obtained by histology
was 20.6%.
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3.5. Quantification in imaging (Table 1)

The average percentage of steatosis detected by imaging was:
5.84% + 5.3 (range 0.6-22) using the 3-echo MRI technique;
5.30% *+ 5.5 (range 0.2-21.5) using the 11l-echo MRI technique;
5.85% + 5.0 (range 0-19) using the 6-echo MRI technique;
8.37% = 6.1 (range 2-25.7) using the MRS technique.

The average concentration of iron estimated with the 11-echo MRI
technique was 40.25 umol/g.

3.6. Correlation between histology and imaging (Fig. 2)

The four MR techniques provided excellent correlations with the
histological measures: the 3-echo MRI technique displayed correlation
coefficient r=0.852 (p < 0.001), 1l-echo MRI: r=0.818
(p < 0.001), 6-echo MRI: r = 0.819 (p < 0.001) and MRS: r = 0.812
(p < 0.001). The conversion coefficient between the MR percentage
and the histological percentage (slope of the correlation plot) was 3.38
for the 3-echo MRI, 3.40 for the 11-echo MRI, 3.17 for the 6-echo MRI
and 2.82 for the MRS. ROC-curves are shown in Fig. 3. The areas ob-
tained were 0.97 for the 3 and 6-echo MRI, 0.95 for the MRS and 0.93
for the 11-echo MRI.

The inter-observer agreement was excellent for each technique: 0.98
for the 3-echo MRI, 0.95 for the 11-echo MRI, 1 for the 6-echo MRI and
the MRS (because of a single result obtained during the acquisition for
these two methods).

3.7. Analysis by subgroups
We evaluated the possible influence of several factors on MR tech-
niques’ performance: alcohol consumption, dyslipidemia, diabetes, iron

overload, NASH and fibrosis. The results of the histological
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Fig. 3. ROC curves for each MRI technique versus histology.

quantification of steatosis in subgroups as well as the correlation be-
tween imaging and histology are presented in Table 2 . It is noteworthy
to mention that there is no significant difference in the amount of
steatosis according to alcohol consumption, dyslipidemia, diabetes, iron
overload or NASH. The amount of steatosis was significantly higher in
patients with fibrosis = grade 2 (24.2%) than in patients with grade 0
and 1 fibrosis (13.8%). The estimation of fat proportion remained sa-
tisfactory in all subgroups, with no significant difference between pa-
tients who regularly consumed alcohol versus those who did not, dia-
betic or not, dyslipidemic or not, with a fibrosis =2 versus those
without, with NASH or not and patients with iron overload versus those
without.
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Fig. 2. Correlation curves for each MRI technique in comparison to the histological results.
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Table 2
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Analysis by subgroups according to different factors: alcohol, diabetes, dyslipidemia, NASH, iron overload, fibrosis.

Parameters Average percentage of steatosis obtained by  p-value (between the two steatosis Correlation coefficient between imaging and histological quantification (r)
histology percentages)

MRI 3echo MRI 1lecho MRI 6echo MRS
Alcohol
Yes (n =23) 20.9% = 19.0 p =074 0.93 0.88 0.89 0.86
No (n=37) 20.5% = 21.5 0.84 0.81 0.79 0.84
Diabetes
Yes (n = 23)  21.4% = 22.6 p = 0.94 0.87 0.87 0.84 0.84
No(n=37) 20.1% = 19.3 0.83 0.78 0.81 0.79
Dyslipidemia
Yes (n = 22) 25.3% + 21.7 p = 0.09 0.86 0.87 0.87 0.89
No(n=238) 17.9% = 19.4 0.81 0.74 0.75 0.72
NASH
Yes (n =17) 24.5% + 22.4 p = 0.16 0.89 0.90 0.85 0.86
No (n=43) 19.1% = 19.7 0.82 0.78 0.77 0.78
Iron overload
Yes (n =17) 21.3% = 19.6 p =073 0.83 0.81 0.76 0.79
No (n =43) 20.3% + 21.0 0.85 0.82 0.84 0.83
Fibrosis
Yes (n = 39) 24.2% = 22.5 p = 0.02 0.88 0.88 0.84 0.88
No(n=21) 13.8% +13.8 0.79 0.72 0.80 0.75

* The values are given as mean * standard deviation.
4. Discussion

We have found an excellent correlation between different MR
techniques and histology for the quantification of steatosis, confirming
previous studies [28,29]. However, our study allowed the comparison
of four different MR techniques within a same cohort, with a population
that reflected of the daily-practice, including alcoholic patients.

The 3-echo MRI technique appears to provide the best correlation,
without any confounding factor negatively affecting the quality of the
measures. In addition, it was simple and quick to apply in practice,
providing a map of the entire surface of the liver and thus enabling the
analysis of the more or less homogenous distribution of overload in fat.
Positioning an ROI directly gave the percentage at the desired location.

The 11-echo MRI technique, initially designed for quantifying he-
patic iron, was also a robust technique for measuring the lipid fraction,
without any secondary factor affecting the results. In our study, we used
a single section crossing the liver and the spleen, saving time and ma-
nipulation, though limiting the volume of exploration. It is nonetheless
possible to perform several sections to analyse the whole liver. The
post-processing software was easy to use, making it possible to obtain
an automatic report of the percentage of fat and the hepatic and splenic
iron concentration, although it required more handling than the 3-echo
MRI.

The 6-echo MRI was slightly less reliable than the first two but re-
mained well correlated. It had the advantage of giving the percentage of
steatosis directly for the ROI positioned during acquisition.
Furthermore, it had the disadvantage of requiring positioning at the
time of examination by the radiographer or the radiologist, leading to a
risk of irreversible positioning errors and acquisition of one measure
only for the whole volume of the liver. Moreover, the presence of iron
slightly modified the reliability of the results, although not sig-
nificantly.

Eventually, MRS remained also a robust technique, even if it had the
least precise correlation. Its advantages and disadvantages were the
same as for the 6-echo MRI technique regarding manipulation, and a
non-significant decrease in measurement reliability in the case of iron
overload.

Our analysis focused on a diverse population with relatively open
inclusion criteria that did not exclude other causes of chronic liver
disease, in particular regular alcohol consumption, in contrast to all
previous studies on hepatic steatosis. This was made possible by the
very short time between the MRI and the biopsy, on average less than

one day, and thus the absence of possible variation of steatosis between
two examinations. The study in subgroups showed that the presence of
high regular alcohol consumption, dyslipidemia, hepatic fibrosis or
presence of iron overload [30] did not adversely affect measurement
reliability, whatever the technique. In other words, MRI remains an
excellent technique to quantify steatosis in patients with both alcoholic
and nonalcoholic fatty liver disease, and will have to be proven on a
larger population. These techniques are all very quick to perform, and
therefore easily applicable to allow reliable monitoring of patients over
time, such as in a recent study on oncologic patients [31].

A limitation of our study was the low number of patients with high
steatosis (grade 3: 3.3%). The number of subjects was estimated for the
primary objective; conclusions about secondary analysis, including al-
cohol consumption, should be confirmed on a larger population.

In conclusion, our study showed that in a daily-pratice population
without the exclusion of patients consuming alcohol, any of the MR
techniques studied could be used with confidence to quantify liver
steatosis, regardless of the underlying liver disease.

Declaration of Competing Interest
None.
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