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Background/Aims: Noninvasive liver fibrosis evaluation was 
performed in patients with nonalcoholic fatty liver disease 
(NAFLD). We used a quantitative method based on the he-
patic volume acquired from gadoxetate disodium-enhanced 
(Gd-EOB-DTPA-enhanced) magnetic resonance imaging (MRI) 
for diagnosing advanced fibrosis in patients with NAFLD. 
Methods: A total of 130 patients who were diagnosed with 
NAFLD and underwent Gd-EOB-DTPA-enhanced MRI were 
retrospectively included. Histological data were available for 
118 patients. Hepatic volumetric parameters, including the 
left hepatic lobe to right hepatic lobe volume ratio (L/R ratio), 
were measured. The usefulness of the L/R ratio for diag-
nosing fibrosis ≥F3–4 and F4 was assessed using the area 
under the receiver operating characteristic (AUROC) curve. 
Multiple regression analysis was performed to identify vari-
ables (age, body mass index, serum fibrosis markers, and 
histological features) that were associated with the L/R ratio. 
Results: The L/R ratio demonstrated good performance in 
differentiating advanced fibrosis (AUROC, 0.80; 95% confi-
dence interval, 0.72 to 0.88) from cirrhosis (AUROC, 0.87; 
95% confidence interval, 0.75 to 0.99). Multiple regression 
analysis showed that only fibrosis was significantly associat-
ed with the L/R ratio (coefficient, 0.121; p<0.0001). Conclu-
sions: The L/R ratio, which is not influenced by pathologi-
cal parameters other than fibrosis, is useful for diagnosing 
cirrhosis in patients with NAFLD. (Gut Liver 2017;11:674-
683)
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Magnetic resonance imaging; Non-alcoholic fatty liver disease

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) and nonalcoholic 
steatohepatitis (NASH) are common causes of liver disease in 
not only Western countries, but also in many Asian countries.1-3 
The prevalence of suspected NAFLD has more than doubled 
over the past 20 years.4 Similar to viral hepatitis, NASH, which 
is a subcategory of NAFLD, can progress to fibrosis, cirrhosis, 
and hepatocellular carcinoma.5-7 In a systematic review, Argo 
et al.8 showed that 38% of patients with NASH had progressive 
fibrosis over a mean follow-up period of 5.3 years. Angulo et 
al.9 reported that NASH progressed to cirrhosis in 10.8% of pa-
tients over a mean follow-up period of 15.6 years. Furthermore, 
Ascha et al.10 reported that 12.8% of NASH-cirrhotic patients 
developed hepatocellular carcinoma over a median follow-up 
period of 3.2 years. The gold standard for diagnosing fibrosis 
stage is biopsy; however, it is invasive and has drawbacks, such 
as sampling errors and intra- and inter-observer variabilities.11-14 
Among all histological features, only fibrosis is associated with 
long-term outcomes in patients with NAFLD;15 thus, diagnosing 
fibrosis stage is important. In patients with NAFLD, alternative 
noninvasive and quantitative diagnostic methods for liver fibro-
sis have been proposed. 

Gadoxetate disodium (Gd-EOB-DTPA)-enhanced (Primov-
ist; Bayer HealthCare, Osaka, Japan) is a new contrast agent 
that plays an important role in assessing chronic liver disease 
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and detecting liver lesions.16-18 Apart from conventional dy-
namic images, hepatobiliary phase images are also available 
in magnetic resonance imaging (MRI) with Gd-EOB-DTPA. In 
Japan, dynamic contrast-enhanced MRI is recommended as an 
important surveillance and diagnostic tool for hepatocellular 
carcinoma in patients with chronic liver disease or cirrhosis.19 
In fact, compared with multidetector computed tomography, 
Gd-EOB-DTPA-enhanced MRI is more useful for evaluating 
liver lesions;20,21 thus, we have had more opportunities to use 
it. Kawamura et al.22 reported that three-dimensional (3D)-MR 
images with Gd-EOB-DTPA in the hepatobiliary phase are use-
ful for detecting advanced fibrosis in patients with NASH. They 
called 3D-MR images of the liver virtual MR laparoscopy and 
visually assessed them for irregularities of the liver surface, en-
largement of the lateral segment, and atrophy of the right lobe. 
Ogura et al.23 evaluated fibrosis and reported that the method 
by Kawamura et al.22 was useful for evaluating liver fibrosis in 
patients with chronic hepatitis B and C viruses. However, this 
method is qualitative and subjective. In this study, we focused 
on quantifying the changes in liver volume (LV) due to atrophy 
of the right lobe or enlargement of the lateral segment from 
fibrosis using MR laparoscopy; we evaluated a novel quantita-
tive method for diagnosing advanced fibrosis in patients with 
NAFLD using hepatic volume acquired from Gd-EOB-DTPA-
enhanced MRI.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional 
Review Board of Toranomon Hospital (number: 1061), which 
waived the requirement for informed consent.

1. Study population

Consecutive patients who were diagnosed with NAFLD, in-
cluding NASH, and who had undergone liver MRI with Gd-
EOB-DTPA at our institution from October 2009 to March 2016 

were included. The inclusion criteria were as follows: (1) history 
of daily alcohol intake <20 g/day; (2) negative for serum hepa-
titis C virus antibodies, hepatitis B surface antigen, antinuclear 
antibodies, and antimitochondrial antibodies, as determined 
by radioimmunoassay, enzyme-linked immunosorbent assay, 
or spot hybridization; (3) no underlying systemic autoimmune 
diseases, such as systemic lupus erythematosus and rheumatoid 
arthritis; (4) no underlying metabolic diseases, such as hemo-
chromatosis, α-1-antitrypsin deficiency, and Wilson disease; 
(5) no prior history of liver resection; and (6) ongoing Gd-EOB-
DTPA MRI within 1 year of histological examination (F0–4) or 
past diagnosis of fatty liver and the presence of liver nodularity 
and portal hypertension on MRI findings (F4). The inclusion 
criteria were fulfilled by 130 patients who underwent Gd-EOB-
DTPA MRI. The current study included (1) patients who were 
suspected of NASH and needed screening for hepatocellular 
carcinoma before liver biopsy (n=128) and (2) those with NASH 
who were suspected of having lever lesions, as identified on ul-
trasonography (n=2). 

2. Image acquisition for 3D-MRI

All patients were intravenously administered Gd-EOB-DTPA 
at a weight-based dose of 0.025 mmol/kg (0.1 mL/kg; maximum 
volume 10 mL), followed by 40 mL physiological saline; scan-
ning in the hepatobiliary phase was performed 20 minutes after 
injecting Gd-EOB-DTPA. MRI was obtained with fat-saturated 
3D T1-weighted gradient echo sequences using three systems: 1.5 
T Magnetom Avanto (Siemens Healthcare, Erlangen, Germany); 
1.5 T Excelart Vantage Power Plus (Toshiba Medical Systems, 
Tokyo, Japan); and 3.0 T Ingenia (Philips Healthcare, Best, The 
Netherlands). Sequence parameters were as follows: repetition 
time, 3.20 to 3.70 milliseconds; echo time, 1.30 to 1.46 milli-
seconds; slice thickness, 1.0 to 3.0 mm; matrix (frequency), 256 
to 336; matrix (phase), 192 to 256; flip angle, 10° to 15°; band 
width, 450 to 783 Hz/pixel; parallel acceleration factor, 2 to 3; 
acquisition time, 17 to 25 seconds.

A B

Fig. 1. Three-dimensional magnetic 
resonance images of a patient with 
fibrosis stage 4. (A) The entire liver 
and (B) the right and left lobes in 
a 67-year-old woman with fibrosis 
stage 4 are shown. Cantlie’s line is 
used to divide the two lobes. The 
ratio of the left to right hepatic lobe 
volumes is 1.37 in this patient.
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3. LV measurement using 3D-MRI

Using Ziostation 2 (Ziosoft, Tokyo, Japan), LV measurement 
was performed by an MRI technologist who was blinded to the 
histological data. Furthermore, 3D image reconstructions of the 
liver were rendered from enhanced MRI data in the hepatobili-
ary phase (Fig. 1). On 3D images, various structures around the 
liver were manually marked and digitally removed. Care was 
taken to not exclude a part of the liver referring to axial, coro-
nal, and sagittal liver images on a workstation. The intrahepatic 
vascular structures, such as portal veins and hepatic veins, were 
not included in LV because those structures were not enhanced 
in the hepatobiliary phase. Finally, the liver was extracted on 
the workstation,22,23 and hepatic volumes (total, right, and left) 
were measured. In addition, the ratio of left to right hepatic 
lobe volumes (L/R ratio) was calculated (Fig. 1B). Cantlie’s line 
was used as the border between the right and left lobes of the 
liver and was drawn on the axial images so that the border line 
passed through the middle hepatic vein. The appearance of the 
3D hepatic image is dependent on the pixel value threshold set. 
However, once the virtual hepatic 3D image has been recon-
structed, the pixel value threshold does not influence hepatic 
volume measurement.

4. Calculation of estimated LV

To evaluate changes in LV with fibrosis progression, the 
ratio of the entire LV measured by MRI (MR-LV) to estimated 
LV (MR-LV/estimated LV), the ratio of the right hepatic lobe 
volume measured by MRI (MR-RLV) to estimated LV (MR-RLV/
estimated LV), and the ratio of the left hepatic lobe volume 
measured by MRI (MR-LLV) to estimated LV (MR-LLV/estimated 
LV) were calculated. Body weight that was recorded at MR ex-
amination was used for calculating estimated LV. Estimated LV 
(cm3) was calculated according to the formula of Zhou et al.,24 
12.90×weight (kg)+437.91. 

5. Histological evaluation

An expert pathologist who was blinded to the results of im-
aging and fibrosis markers evaluated the liver biopsy sections. 
Histological assessment was performed on the basis of the 
description of the pathology committee of the NASH Clinical 
Research Network.25 Steatosis was assessed visually on the basis 
of the percentage of hepatocytes affected and was graded as fol-
lows: 0 (<5%), 1 (mild, 5% to 33%), 2 (moderate, 34% to 66%), 
and 3 (severe, >66%). Lobular inflammation was graded on the 
basis of the number of inflammatory foci per 20× field as fol-
lows: grade 0, 0; grade 1, <2; grade 2, 2 to 4; and grade 3, >4. 
Ballooning was graded as follows: grade 0, none; grade 1, few; 
or grade 2, many. Hepatic fibrosis was scored as follows: stage 0, 
no fibrosis; stage 1, perisinusoidal or periportal fibrosis (1a, mild 
and perisinusoidal; 1b, moderate and perisinusoidal; 1c, portal); 
stage 2, perisinusoidal and periportal fibrosis without bridging; 

stage 3, bridging fibrosis; and stage 4, cirrhosis. In the analyses, 
fibrosis stages 1a, 1b, and 1c were treated as stage 1. Hepatic 
iron content was evaluated using Perl’s stain and was graded 0 
to 3.

6. Serum fibrosis markers

The aspartate aminotransferase to platelet ratio index (APRI) 
and BARD score were calculated to compare the diagnostic 
performance for fibrosis using volumetric parameters. The 
APRI score was calculated according to the following formula: 
APRI=aspartate aminotransferase (AST)/(AST upper limit of 
normal)×100/platelet count (109/L).26 The AST upper limit of 
normal was 33 IU/L. The BARD score comprised three variables 
as follows: body mass index (BMI) ≥28 kg/m2, 1 point; AST/ALT 
ratio ≥0.8, 2 points; presence of diabetes, 1 point.27

7. Statistical analysis

All analyses were performed using SPSS version 11.0.1 for 
Windows (SPSS Inc., Chicago, IL, USA) or Microsoft Excel 2013 
(Microsoft Corp., Redmond, WA, USA). Associations between 
each hepatic volumetric parameter (MR-LV, MR-LV/estimated 
LV, MR-RLV/estimated LV, MR-LLV/estimated LV, and L/R ra-
tios) and groups of different fibrosis stages were evaluated by 
Spearman rank correlation analysis. Receiver operating charac-
teristic (ROC) analyses were performed to assess the diagnostic 
performance of the hepatic volumetric parameters and serum 
fibrosis markers as follows: (1) F0–2 versus F3–4 and (2) F0–3 
versus F4. Sensitivity, specificity, accuracy, and area under the 
ROC (AUROC) were calculated; 95% confidence intervals (95% 
CI) were calculated for ROC analysis. AUROC values were con-
sidered excellent for 0.9 to 1.0, good for 0.8 to 0.9, moderate for 
0.7 to 0.8, and poor for <0.7. Univariate and multiple regres-
sion analyses were performed to assess the influence of age, 
BMI, serum fibrosis markers, and histopathological parameters, 
including steatosis, ballooning, inflammation, fibrosis, and iron 
content, on the L/R ratio. A p-value of <0.05 was considered 
significant.

RESULTS

Of 130 patients, 118 were diagnosed with NAFLD on the basis 
of histological evaluation within a median interval of 6.5 days 
(interquartile range, 1 to 47 days) of Gd-EOB-DTPA MRI. The 
remaining 12 patients were clinically diagnosed with NASH cir-
rhosis, and all had esophageal varices. In this study population, 
liver MRI showed focal lesions (n=26), hepatocellular carcinoma 
(n=10), hemangioma (n=8), liver cyst (n=7), and focal nodular 
hyperplasia (n=1), all of which were <20 mm in diameter. All 
patients in this study were classified into Child-Pugh class A. 
The characteristics of the 130 patients are shown in Table 1; 
there were 76 men and 54 women, and their median age was 59 
years (interquartile range, 45 to 66 years). The distribution of fi-
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brosis stage was as follows: F0, 3.9% (5/130); F1, 40.8% (53/130); 
F2, 11.5% (15/130); F3, 27.7% (36/130); and F4, 17.8% (21/130) 
(Table 1).

The volumetric parameters of the different fibrosis stages 
are shown in Table 2 and Fig. 2; among these, the MR-RLV/
estimated LV, MR-LLV/estimated LV, and L/R ratios demon-
strated significant correlations with the fibrosis stage (ρ=–0.376, 
p<0.0001; ρ=0.272, p=0.002; and ρ=0.693, p<0.0001; respec-
tively). The L/R ratio was shown to increase as the severity of 
fibrosis progressed, with medians of 0.54, 0.57, 0.66, 0.75, and 
1.04 for F0, F1, F2, F3, and F4, respectively. The fibrosis stage 
did not correlate significantly with other parameters, such as 
MR-LV and MR-LV/estimated LV ratio (ρ=–0.114, p=0.198 and 
ρ=–0.068, p=0.445) (Table 2).

The diagnostic values of the hepatic volumetric parameters 
and serum fibrosis markers for advanced fibrosis (F3–4) and 
cirrhosis (F4) are shown in Table 3 and Fig. 3. The MR-LLV/
estimated LV ratio for advanced liver fibrosis and cirrhosis had 
poor diagnostic performance (AUROC, 0.66 and 0.60, respec-
tively). The MR-RLV/estimated LV ratio exhibited poor capabil-
ity for the prediction of advanced fibrosis (AUROC, 0.68; 95% 
CI, 0.59 to 0.78) but good for the prediction of cirrhosis (AUROC, 
0.80; 95% CI, 0.68 to 0.92). The L/R ratio demonstrated good 
capability for discriminating advanced fibrosis (AUROC, 0.80; 
95% CI, 0.72 to 0.88) and cirrhosis (AUROC, 0.87; 95% CI, 0.75 
to 0.99). The optimal cutoff values of the L/R ratio were 0.66 for 
≥F3 and 0.82 for F4. The sensitivity and specificity of the L/R 
ratio for ≥F3 were 0.70 (95% CI, 0.57 to 0.82) and 0.78 (95% CI, 
0.67 to 0.87), respectively, and for F4 were 0.86 (95% CI, 0.64 to 
0.97) and 0.91 (95% CI, 0.84 to 0.96), respectively. APRI dem-
onstrated good capability for discriminating advanced fibrosis 
(AUROC, 0.82; 95% CI, 0.74 to 0.89) and moderate capability 
for discriminating cirrhosis (AUROC, 0.77; 95% CI, 0.68 to 0.86). 
The BARD score exhibited moderate diagnostic performance for 
advanced liver fibrosis (AUROC, 0.75; 95% CI, 0.67 to 0.83) and 
cirrhosis (AUROC, 0.75; 95% CI, 0.66 to 0.85) (Table 3).

The L/R ratio was positively correlated with age (ρ=0.221, 
p=0.016), APRI (ρ=0.323, p<0.001), BARD score (ρ=0.237, 
p=0.001), ballooning (ρ=0.191, p=0.038), inflammation 
(ρ=0.324, p<0.001), and fibrosis (ρ=0.547, p<0.0001) (Table 4). 
On multiple regression analysis, only fibrosis was significantly 
associated with the L/R ratio (coefficient, 0.121; p<0.0001) 
(Table 4).

DISCUSSION

The relationships of various volumetric parameters of the 
liver with fibrosis progression were evaluated. Of these param-
eters, the L/R ratio increased with fibrosis progression and was 
not dependent on other histological features such as steatosis, 
ballooning, inflammation, and iron. Furthermore, the ratio was 
useful to diagnose cirrhosis in patients with NAFLD. Angulo 

Table 1. Characteristics of Patients with Nonalcoholic Fatty Liver 
Disease (n=130)

Variable Value

Male sex 76 (58.5)
Age, yr 59.0 (45–66)
Body mass index, kg/m2 26.2 (23.9–28.8)
    >25 80 (61.5)
    >30 24 (18.5)
Diabetes mellitus 29 (22.3)
High blood pressure 16 (12.3)
Albumin, g/dL  4.0 (3.7–4.2)
Total bilirubin, mg/dL  0.9 (0.7–1.1)
Aspartate aminotransferase, IU/L  42 (31–64)
Alanine aminotransferase, IU/L  58 (34–88)
Platelet count, ×103/μL  196 (153–245)

γ-Glutamyltranspeptidase, IU/L  61 (36–95)
Total cholesterol, mg/dL  191 (165–218)
Triglyceride, mg/dL  129 (97–184)
LDL-C, mg/dL  105 (81–133)
HDL-C, mg/dL  45 (36–53)
Ferritin, ng/mL  246 (141–401)
Time interval between histological  

evaluation and MRI, day

6.5 (1–47)

Histological data
    Steatosis grade (n=118)*
        0 1 (0.9)
        1 39 (33.1)
        2 50 (42.4)
        3 28 (23.7)
    Hepatocellular ballooning (n=118)*
        0 10 (8.5)
        1 66 (55.9)
        2 42 (35.6)
    Lobular inflammation (n=118)*
        0 3 (2.5)
        1 66 (55.9)
        2 42 (37.3)
        3 5 (4.2)
    Stage of fibrosis (n=130)†

        0 5 (3.9)
        1a, b, c 53 (40.8)
        2 15 (11.5)
        3 36 (27.7)
        4 21 (17.8)
    Grade of iron (n=118)*
        0 48 (40.7)
        1 57 (48.3)
        2 13 (11.0)
        3 0 

Data are presented as number (%) or median (interquartile range).
LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipo-
protein cholesterol; MRI, magnetic resonance imaging.
*Patients without histological diagnosis (n=12) were excluded from 
this item; †Fibrosis stage 4 includes patients who were clinically diag-
nosed with nonalcoholic steatohepatitis cirrhosis (n=12). 
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Table 2. Association of Hepatic Volumetric Parameters with Fibrosis Stage

Parameter F0 F1 F2 F3 F4 ρ* p-value

MR-LV, cm3 1,391.0 

(1,301.4–1,588.9)

1,653.6 

(1,500.7–2,025.8)

1,611.4 

(1,343.7–1,761.7)

1,704.5 

(1,518.8–1,982.4)

1,463.8 

(994.9–1,701.6)

–0.114 0.198

MR-LV/estimated LV ratio 1.10 (1.07-1.15) 1.25 (1.12-1.45) 1.24 (1.10–1.30) 1.26 (1.11–1.43) 1.12 (0.87–1.39) –0.068 0.445

MR-RLV/estimated LV ratio 0.70 (0.65–0.79) 0.80 (0.72–0.92) 0.76 (0.67–0.79) 0.73 (0.64–0.84) 0.57 (0.38–0.74) –0.376 <0.0001

MR-LLV/estimated LV ratio 0.41 (0.37–0.43) 0.44 (0.38–0.54) 0.48 (0.42–0.52) 0.52 (0.46–0.59) 0.54 (0.40–0.70) 0.272 0.002

L/R ratio 0.54 (0.52–0.63) 0.57 (0.48–0.63) 0.66 (0.57–0.72) 0.75 (0.63–0.86) 1.04 (0.87–1.23) 0.693 <0.0001

Data are presented as median (interquartile range).
MR-LV, liver volume (LV) measured by magnetic resonance imaging (MRI); MR-LV/estimated LV ratio, ratio of MR-LV to estimated liver volume; 
MR-RLV, right hepatic lobe volume measured by MRI; MR-RLV/estimated LV ratio, ratio of MR-RLV to estimated liver volume; MR-LLV, left 
hepatic lobe volume measured by MRI; MR-LLV/estimated LV ratio, ratio of MR-LLV to estimated liver volume; L/R ratio, ratio of left to right he-
patic lobe volume.
*All data were tested using Spearman rank correlation test. 
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et al.15 reported that hazard ratios (HRs) for the association of 
death or liver transplantation with each fibrosis stage compared 
with F0 were: F1, HR 1.88, 95% CI 1.28 to 2.77; F2, HR 2.89, 
95% CI 1.93 to 4.33; F3, HR 3.76, 95% CI 2.40 to 5.89; and F4, 
HR 10.9, 95% CI 6.06 to 19.62. In particular, the risk was high 
for cirrhosis. Based on their results, diagnosing cirrhosis was 
more important for understanding the long-term outcomes of 
patients with NAFLD. Therefore, our findings are important 
because the L/R ratio, which is not influenced by pathological 
parameters other than fibrosis, is useful for diagnosing cirrhosis 
in patients with NAFLD.

Although the cause of enlargement of the lateral segment 
and atrophy of the right lobe in cirrhosis is unclear (differences 
in nutrition or hormones supplied to the lobes are thought to 
be among the pathophysiologic mechanisms), the phenomenon 

Table 3. Receiver Operating Characteristic Curve Analysis of the Abil-
ity of Hepatic Volumetric Methods and Serum Fibrosis Markers to 
Diagnose the Fibrosis Stage

Parameter ≤F2 vs ≥F3 ≤F3 vs F4

MR-RLV/estimated 
  LV ratio cutoff

0.76 0.67

    Accuracy 0.65 (0.56–0.73) 0.75 (0.66–0.82)

    Sensitivity 0.70 (0.57–0.82) 0.71 (0.48–0.89)

    Specificity 0.60 (0.48–0.72) 0.75 (0.66–0.83)

    PPV 0.58 (0.45–0.70) 0.36 (0.22–0.52)

    NPV 0.72 (0.59–0.83) 0.93 (0.86–0.97)

    AUROC 0.68 (0.59–0.78) 0.80 (0.68–0.92)

MR-LLV/estimated 
  LV ratio cutoff

0.51 0.53

    Accuracy 0.65 (0.56–0.73) 0.55 (0.46–0.64)

    Sensitivity 0.61 (0.48–0.74) 0.52 (0.30–0.74)

    Specificity 0.67 (0.55–0.78) 0.56 (0.46–0.65)

    PPV 0.59 (0.46–0.72) 0.19 (0.10–0.31)

    NPV 0.69 (0.57–0.79) 0.86 (0.76–0.93)

    AUROC 0.66 (0.56–0.76) 0.60 (0.43–0.76)

L/R ratio cutoff 0.66 0.82

    Accuracy 0.75 (0.66–0.82) 0.90 (0.84–0.95)

    Sensitivity 0.70 (0.57–0.82) 0.86 (0.64–0.97)

    Specificity 0.78 (0.67–0.87) 0.91 (0.84–0.96)

    PPV 0.71 (0.58–0.83) 0.64 (0.44–0.81)

    NPV 0.77 (0.66–0.86) 0.97 (0.92–0.99)

    AUROC 0.80 (0.72–0.88) 0.87 (0.75–0.99)

APRI cutoff 0.90 0.93

    Accuracy 0.78 (0.70–0.85) 0.69 (0.61–0.77)

    Sensitivity 0.72 (0.58–0.83) 0.71 (0.48–0.89)

    Specificity 0.84 (0.73–0.91) 0.69 (0.59–0.77)

    PPV 0.77 (0.64–0.88) 0.31 (0.18–0.45)

    NPV 0.79 (0.68–0.88) 0.93 (0.85–0.97)

    AUROC 0.82 (0.74–0.89) 0.77 (0.68–0.86)

BARD score cutoff 2 2

    Accuracy 0.69 (0.61–0.77) 0.62 (0.53–0.70)

    Sensitivity 0.75 (0.62–0.86) 0.95 (0.76–1.00)

    Specificity 0.64 (0.52–0.75) 0.55 (0.45–0.65)

    PPV 0.62 (0.50–0.74) 0.29 (0.19–0.41)

    NPV 0.77 (0.65–0.87) 0.98 (0.91–1.00)

    AUROC 0.75 (0.67–0.83) 0.75 (0.66–0.85)

Data in parentheses are 95% confidence intervals. Receiver operating 
characteristic analyses were performed.
MR-RLV, right hepatic lobe volume measured by magnetic resonance 
imaging (MRI); LV, liver volume; PPV, positive predictive value; NPV, 
negative predictive value; AUROC, area under the receiver operating 
characteristic curve; MR-LLV, left hepatic lobe volume measured by 
MRI; L/R ratio, ratio of left to right hepatic lobe volume; APRI, aspar-
tate aminotransferase to platelet ratio index.

Fig. 3. Receiver operating characteristic curves for hepatic volumetric 
parameters and serum fibrosis markers for the diagnosis of fibrosis 
stage (A) F ≥3 and (B) F4. 
MR-RLV/estimated LV, ratio of right hepatic lobe volume measured 
by magnetic resonance imaging (MRI) to estimated liver volume (LV); 
MR-LLV/estimated LV, ratio of left hepatic lobe volume measured by 
MRI to estimated liver volume; L/R, ratio of left to right hepatic lobe 
volumes; APRI, aspartate aminotransferase to platelet ratio index.
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is well known.28 Kawamura et al.22 used 3D-MRI as virtual MR 
laparoscopy to visually assess the irregularities of the liver sur-
face, enlargement of the lateral segment, and atrophy of the 
right lobe for diagnosing advanced fibrosis in patients with 
NASH. Their method demonstrated high sensitivity (100%), 
specificity (90%), positive predictive value (82%), and negative 
predictive value (100%). However, their method was qualita-
tive and subjective. In addition, the differentiation between F3 
and F4 was not assessed in their study. Ogura et al.23 applied 
MR laparoscopy to patients with viral hepatitis B and C and 
confirmed the same hepatic morphological changes in patients 
with cirrhosis; however, they did not perform a quantitative as-
sessment.23 The objective and quantitative diagnosis of fibrosis 
progression was useful, and the present study adds new quanti-
tative information regarding the diagnosis of cirrhosis with the 
use of the L/R ratio. Although the present method demonstrated 
a moderate diagnostic performance for ≥F3, it demonstrated 
a high diagnostic performance for F4 (cirrhosis). Therefore, a 
combination of visual assessment and the present quantitative 
method may be useful to diagnose advanced fibrosis (F3–4) 
and distinguish F4 from F3. This point requires further study. 
The MR-RLV/estimated LV ratio also exhibited good capabil-
ity for diagnosing cirrhosis, whereas the MR-LLV/estimated LV 
ratio exhibited poor capability for cirrhosis; however, this ratio 
showed a significant positive correlation with the fibrosis stage. 
These ratios were inferior to the L/R ratio for the quantitative 
diagnosis of fibrosis because the L/R ratio used the ratio of the 
opposite hepatic morphological changes (enlargement of the left 
hepatic lobe and atrophy of the right hepatic lobe), which en-
hanced the diagnostic performance of the L/R ratio. Conversely, 
the opposite hepatic morphological changes may negate the in-
fluence of the entire hepatic volume in patients with advanced 
fibrosis. Such factors could make it difficult to assess the entire 
hepatic volume as fibrosis progresses.

Some fibrosis markers have been established for liver diseases. 
APRI is a simple serum fibrosis marker, and is widely available. 
APRI was originally developed as a hepatic fibrosis marker for 
patients with chronic hepatitis C.26 However, the reproducibility 
of AST levels or platelet count measurement was questionable, 
and APRI had larger variability.29-31 Recently, APRI has been 
used in patients with NAFLD. Several studies have evaluated 
the diagnostic performance of APRI for diagnosing fibrosis 
stage in patients with NAFLD (AUROC for severe fibrosis [F3–4], 
0.568 to 0.850; AUROC for cirrhosis [F4], 0.786 to 0.842).32-36 In 
the present study, the ability of APRI to diagnose F3–4 and F4 
was similar to that reported in those studies (AUROC for severe 
fibrosis, 0.82; AUROC for cirrhosis, 0.77). The BARD score was 
also used as a simple serum fibrosis marker.27 This score can be 
calculated using widely available parameters (BMI, AST/ALT 
ratio, and presence of diabetes). The utility of the score was in-
vestigated in patients with NAFLD (AUROC for severe fibrosis 
[F3–4], 0.67 to 0.81; AUROC for cirrhosis [F4], 0.62).27,37-39 The 
main limitation of the BARD score is that it is likely to exhibit 
high false positive results.39 Patients with a BARD score of ≥2 
are predicted to have severe fibrosis, if they have a BMI of ≥28 
kg/m2 and presence of diabetes despite having a normal level 
of AST/ALT ratio.39 In the present study, in terms of diagnosing 
cirrhosis, low positive predictive value (0.29) was observed with 
the BARD score. Thus, results of the present study demonstrated 
that the L/R ratio could be more advantageous than APRI and 
BARD scores for diagnosing cirrhosis in patients with NAFLD, 
although the diagnostic performance of the L/R ratio was simi-
lar to that of APRI for severe fibrosis.

Recently, the usefulness of elastography, including ultrasound 
elastography and MR elastography, for assessing liver fibrosis 
was reported. FibroScan is a typical method among the ultra-
sound elastography methods. Cassinotto et al.40 reported that 
using FibroScan, liver stiffness was positively correlated with 

Table 4. Influence of Age, BMI, Serum Fibrosis Markers, and Histopathological Parameters on the L/R Ratio in Patients with NAFLD (n=118)

Independent variable
Univariate analysis Multiple regression analysis

ρ* p-value  Coefficient SE t-value p-value

Age 0.221 0.016 –0.001 0.002 –0.796 0.428

BMI 0.104 0.263 –0.006 0.004 –1.274 0.205

APRI 0.323 <0.001 0.017 0.022 0.792 0.430

BARD score 0.237 0.001 0.014 0.014 0.958 0.340

Steatosis 0.020 0.828 0.010 0.022 0.462 0.645

Ballooning 0.191 0.038 –0.043 0.030 –1.440 0.153

Inflammation 0.324 <0.001 –0.007 0.030 –0.233 0.816

Fibrosis 0.547 <0.0001 0.121 0.019 6.54 <0.0001

Iron –0.133 0.150 –0.010 0.024 –0.438 0.662

In multiple regression analysis, only fibrosis was significantly associated with the L/R ratio.
BMI, body mass index; L/R ratio, ratio of left to right hepatic lobe volume; NAFLD, nonalcoholic fatty liver disease; APRI, aspartate aminotrans-
ferase to platelet ratio index.
*Spearman rank correlation coefficient.
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the fibrosis stage (ρ=0.67) and had good capability for diagnos-
ing advanced fibrosis (AUROC, 0.86) and cirrhosis (AUROC, 0.87). 
However, liver stiffness measured with widely used M probe was 
overestimated in patients with large skin capsular distance.41 An 
XL probe has been developed for such obese patients.42 How-
ever, it is not widely available. In addition, our MR volumetric 
method was not affected by the subcutaneous fat, and the L/R 
ratio exhibited high diagnostic performance for cirrhosis similar 
to that of ultrasound elastography. Kim et al.43 reported the use 
of MR elastography for fibrosis staging in patients with NASH, 
with an AUROC of 0.954 for detecting advanced fibrosis (F3–4); 
however, they did not evaluate the diagnosis of cirrhosis. In 
another study, Loomba et al.44 showed that the AUROC for MR 
elastography discriminated advanced fibrosis (F3–4) from F0–2 
and cirrhosis from F0–3 fibrosis (0.924 and 0.894, respectively). 
However, MR elastography has several limitations. The method 
cannot evaluate the stiffness of the whole liver. The technique 
estimates the stiffness from only a part of the liver. In addition, 
the left hepatic lobe is avoided in the measurement because 
of cardiac motion artifact.45 Furthermore, MR elastography is 
not easy to perform on a routine basis because it requires spe-
cial equipment and additional scan time. In contrast, by the 
present method, we could evaluate the volume data from the 
whole liver for the diagnosis of advanced fibrosis. In addition, 
although the volumetric method can be widely used without 
needing a highly specialized MRI machine, extra equipment, or 
expensive analysis software, it showed high diagnostic perfor-
mance, particularly in cirrhosis (AUROC, 0.87), at the same level 
as MR elastography. Furthermore, the present method may be a 
practical adjunct to routine MRI enhanced by the contrast agent 
Gd-EOB-DTPA, which enables acquisition of both hepatobiliary 
phase and standard dynamic images to detect and characterize 
liver lesions.20,46,47 This is important, because advanced fibrosis is 
an important risk factor for hepatocellular carcinoma, and he-
patocellular carcinoma is a major cause of mortality in patients 
with NASH having advanced fibrosis.48

The present study had several limitations. First, the method 
was not applicable for patients who underwent hepatectomy or 
those with a severe decrease in kidney function. Nevertheless, 
MRI with Gd-EOB-DTPA is repeatable and practical for patients 
with advanced age or those with liver dysfunction. No patient 
with severely impaired liver function was found in this study. 
The liver often shows low signal intensity in such patients on 
hepatobiliary phase imagery. However, although 3D construc-
tion by this method is more time consuming in these patients, 
it is not too difficult because complicated segmentation is not 
needed. The volumetric method generally requires less than 5 
minutes for 3D reconstruction and analysis. Second, advanced 
cirrhosis or burnt-out NASH, in which the characteristic features 
of NASH were reported to disappear, was not assessed.49 Further 
study is required to evaluate the applicability of the present 
method to these states. Third, in the present study, the MRI pa-

rameters varied because multivendor MRI equipment was used. 
A previous study showed that there was no significant differ-
ence between the MR-LV acquired using a 2-mm slice and the 
LVs acquired using 4-, 6-, and 8-mm slices, although the mea-
surement method was not exactly the same as that used in the 
present study.50 In another study of the brain, no significant dif-
ference was observed in the volume of the hippocampus using 
different thicknesses (1 to 5 mm).51 Thus, in the present study, 
the slice thicknesses (1 to 3 mm) did not affect the LV measure-
ments. In addition, the axial resolutions used in our preliminary 
study did not substantially interfere with the MR-LV ratio. Last, 
the study was a retrospective single-center study; therefore, the 
possibility of selection bias could not be avoided.

In conclusion, the L/R ratio was significantly correlated with 
fibrosis stage. In patients with NAFLD, although the L/R ratio 
exhibited capability similar to that of APRI for diagnosing ad-
vanced fibrosis, this parameter may be useful for diagnosing 
cirrhosis without histological features other than fibrosis. Fur-
thermore, the method is widely available and does not require 
special equipment.
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