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Abstract

Background/aims

Recent studies have demonstrated the utility of the FibroScan® device in diagnosing liver

steatosis, but its usefulness has not been thoroughly appraised. We investigated the useful-

ness of the controlled attenuation parameter (CAP) in detecting and quantifying liver

steatosis.

Methods

A prospective analysis was applied to 79 chronic liver disease patients who underwent a

liver biopsy, a FibroScan investigation, ultrasonography, and hepatic steatosis index (HSI).

The presence and degree of steatosis as measured by the FibroScan device, ultrasonogra-

phy and HSI were compared with the results for the liver biopsy tissue.

Results

There was substantial concordance between the liver biopsy results and the CAP as

evaluated by the kappa (κ) index test for detecting liver steatosis (κCAP = 0.77, P<0.001;

κultrasonography = 0.60, P<0.001; κHSI = 0.47, P<0.001). The areas under the receiver operat-

ing characteristic curve (AUROCs) of the CAP, ultrasonography, and HSI were 0.899 [95%

confidence interval (CI) = 0.826–0.972)], 0.859 (95% CI = 0.779–0.939), and 0.766 (95%

CI = 0.655–0.877), respectively. The optimal CAP cutoff value for differentiating between

normal and hepatic steatosis was 247 dB/m, which produced sensitivity and specificity val-

ues of 91.9% and 85.7%, respectively, as well as a positive predictive value of 85.0% and a

negative predictive value of 92.3%.
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Conclusion

The CAP produces results that are highly concordant with those of a liver biopsy in detecting

steatosis. Therefore, the CAP is a noninvasive and reliable tool for evaluating liver steatosis,

even in the early stages.

Introduction

The diagnosis of hepatic steatosis is important in clinical practice for managing patients with

chronic liver disease. Although hepatic steatosis is traditionally regarded as a reversible and

benign condition, its role in the pathogenesis of various liver diseases has been increasingly

recognized. Hepatic steatosis is associated with steatohepatitis, which can progress to liver

fibrosis, cirrhosis, and even end-stage liver disease [1, 2]. In chronic hepatitis C patients,

hepatic steatosis may accelerate the progression of fibrosis, have a negative effect on the rate of

a sustained virological response to antiviral therapy [3–5], and be predictive of the occurrence

of hepatocellular carcinoma [6]. Also, since macrovesicular steatosis of the donor liver is asso-

ciated with graft failure after liver transplantation, accurately assessing hepatic steatosis is cru-

cial in the preoperative evaluation of liver donors for transplantation [7, 8].

The current gold standard for the diagnosis and severity assessment of hepatic steatosis is a

liver biopsy. However, this is invasive and prone to several complications, such as pain, bleed-

ing, and infection, and also there is high sampling error and variability in the pathological

interpretations [9–11]. Moreover, owing to the high prevalence of steatosis, its frequently

benign course, and the lack of a definitive association with changes in liver enzymes, a liver

biopsy can be applied only in selected patients, and moreover its invasiveness means that it

cannot be repeated to monitor changes in steatosis.

These drawbacks of a liver biopsy have resulted in various noninvasive methods—especially

imaging techniques such as ultrasonography, computed tomography (CT), magnetic reso-

nance imaging (MRI), and proton magnetic resonance spectroscopy—being developed in the

past decade. However, these methods also have several limitations, such as high cost in MRI

and radiation exposure in CT [12, 13]. Ultrasonography is the most commonly used noninva-

sive imaging method for detecting hepatic steatosis [14]. Several studies have found that the

sensitivity and specificity of ultrasonography in diagnosing hepatic steatosis have ranged from

60% to 94% and from 84% to 95%, respectively [12, 15–18]. However, in the morbidly obese

[defined as a body mass index (BMI) of>40 kg/m2), its sensitivity and specificity fall to 49%

and 75%, respectively [19]. While ultrasonography is simple and noninvasive, its findings are

operator-dependent and it cannot be used to accurately quantify the hepatic fat content or

detect a small amount of fatty infiltration [20].

To overcome these limitations, the controlled attenuation parameter (CAP) was recently

introduced as a new parameter for measuring ultrasonic attenuation in the liver using ultra-

sonic signals acquired by the FibroScan1 device (Echosens, Paris, France) [21]. In a prelimi-

nary study of 115 patients with various liver disorders, Sasso et al found that the CAP showed

a high accuracy for detecting steatosis, excellent performance for grading the severity of fat

infiltration, and high reproducibility [22]. Many studies have demonstrated the good perfor-

mance of the CAP in diagnosing and grading hepatic steatosis, but its usefulness has not been

thoroughly appraised.

The aim of this prospective comparative study was to determine the usefulness of the CAP

in detecting and quantifying hepatic steatosis—using a liver biopsy as the gold standard—in

patients with chronic liver disease.

The accuracy of the FibroScan in evaluating liver steatosis
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Materials and methods

Patients

This prospective observational cohort study was approved by the Institutional Review Board

of Soonchunhyang University Seoul Hospital in October 2013. Of patients with chronic liver

disease from various etiologies who presented at Soonchunhyang University Seoul Hospital

from October 2013 to March 2017, 79 patients who met the following criteria were prospec-

tively enrolled in the study. The inclusion criteria were as follows: (i) aged�19 and <70 years;

(ii) providing written informed consent; (iii) the results of liver stiffness with 10 valid shots

and IQR/media ratio liver stiffness <30%. The exclusion criteria were as follows: (i) malig-

nancy of the liver or biliary tract; (ii) acute infectious disease or sepsis; (iii) chronic systemic

disease, such as chronic renal failure, severe cardiovascular disease, or chronic respiratory dis-

ease; (iv) contraindications to a liver biopsy (e.g., uncontrolled bleeding tendency); or (v) fac-

tors associated with reading failure or unreliability of the FibroScan results, such as ascites,

narrow rib spacing.

All 79 patients enrolled in the study underwent measurements of anthropometry (BMI;

BMI = body weight (kg)/height squared (m2)), blood tests, liver biopsy, FibroScan investiga-

tion, and ultrasonography at an interval not exceeding 1 month. Also, hepatic steatosis index

(HSI), alternative noninvasive method of assessing hepatic steatosis based on collected param-

eters, was calculated according to the following formulas:

HSI ¼ 8� ðALT=AST ratioÞ þ Body mass index ðBMIÞ þ 2 ðif femaleÞ þ 2 ðif diabeticÞ

The study was performed in accordance with the ethical guidelines of the 1975 Declaration

of Helsinki.

Liver biopsy and histological assessment

A percutaneous ultrasound-guided liver biopsy was performed using the Menghini technique

by operators with at least 5 years of experience at Soonchunhyang University Seoul Hospital.

Only liver biopsy specimens that were longer than 15 mm and contained at least six portal

tracts were considered suitable for inclusion in the study. The obtained liver biopsy samples

were fixed in formalin, embedded in paraffin, and stained with hematoxylin-eosin and Mas-

son’s trichrome. For the purpose of the study, all of the liver biopsy specimens were analyzed

by the same experienced hepatopathologist who was blinded to the clinical data of the study

population.

Steatosis was graded as follows by a visual assessment based on the percentage of fat-con-

taining hepatocytes: S0,<5%; S1, 5–33%; S2, 34–66%; and S3,>66% [23]. Liver fibrosis was

categorized as follows based on the METAVIR scoring system: F0, no fibrosis; F1, portal fibro-

sis without septa; F2, portal fibrosis with a few septa; F3, septal fibrosis without cirrhosis; and

F4, cirrhosis.

Measurement of CAP and liver stiffness

The CAP and liver stiffness were measured using the FibroScan device by a single experienced

technician who was blinded to the clinical data of the patient. The measurements were per-

formed using a 3.5 MHz standard probe on the right hepatic lobe through the intercostal

spaces with the patient lying supine. Measurements were considered valid if the following cri-

teria were met: (i) there were at least 10 valid shots, (ii) the success rate was at least 60%, and

(iii) the interquartile range was less than 30% of the median values of the CAP and liver stiff-

ness. The final CAP and liver stiffness were recorded as the median values of all measurements,

The accuracy of the FibroScan in evaluating liver steatosis
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and they were expressed in dB/m and kPa, respectively [21]. The liver stiffness values were cat-

egorized as follows: F0, <5.5 kPa; F1, 5.6–7.1 kPa; F2, 7.2–9.4 kPa; F3, 9.5–12.4 kPa; and F4,

�12.5 kPa [24].

Ultrasonography

All of the ultrasonography examinations were performed by a single experienced investigator,

and steatosis was graded as follows based on hyperechogenic liver tissue, the increased discrep-

ancy of the echo amplitude between liver and kidney, and the loss of echoes from the walls of

the portal system and diaphragm:

1. Normal—no difference in echogenicity between the liver and kidney cortex.

2. Mild—increased hepatic echogenicity with visible periportal and diaphragmatic

echogenicity.

3. Moderate—increased hepatic echogenicity with imperceptible periportal echogenicity with-

out obscuration of the diaphragm.

4. Severe—increased hepatic echogenicity with imperceptible periportal echogenicity and

obscuration of the diaphragm [25].

Statistical analyses

Data are expressed as number (percentage) or mean ± standard deviation values. The sensitiv-

ity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the

CAP, ultrasonography, and HSI were calculated. The accuracy of steatosis diagnoses was deter-

mined by computing Cohen’s kappa (κ) index test values and the areas under the receiver

operating characteristic curve (AUROCs). The optimal cutoff value that maximized the accu-

racy of the CAP for diagnosing significant steatosis was calculated using the Youden index. κ
agreement values were interpreted in the following way: poor (0.00–0.20), fair (0.21–0.40),

moderate (0.41–0.60), substantial (0.61–0.80), and good (0.81–1.00) [26]. Box plots were used

to show the CAP distributions according to histological steatosis grade. Univariate and multi-

variate logistic regression analyses were conducted for evaluating factors associated with stea-

tosis on liver biopsy. Statistical analyses were performed using SPSS software (version 20.0,

SPSS, Armonk, NY, USA) and R software (version 3.3.1) with the pROC and Optimal Cut

Points packages (R Development Core Team 2015). A P value less than 0.05 was considered

statistically significant.

Results

Patient characteristics

The baseline characteristics of the 79 patients are summarized in Table 1. Their mean age was

46.1 years, and 30 of the patients were male. The etiologies of the chronic liver diseases were

alcoholic liver disease (n = 9), chronic hepatitis B (n = 12), chronic hepatitis C (n = 10), nonal-

coholic fatty liver disease (NAFLD) (n = 42), and unknown hepatitis (n = 6). The mean BMI

was 26.0 kg/m2.

The distributions of the steatosis grade according to the results of liver biopsy and ultraso-

nography are presented in Table 1. The numbers of patients with histological grades of S0, S1,

S2, and S3 were 41 (51.9%), 22 (27.8%), 12 (15.2%), and 4 (5.1%), respectively. The ultrasonog-

raphy examinations revealed that 32 (40.5%) patients were normal, while mild, moderate, and

The accuracy of the FibroScan in evaluating liver steatosis
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severe steatosis was present in 21 (26.6%), 15 (19.0%), and 11 (13.9%) patients, respectively.

The mean CAP value was 251.1 dB/m.

Diagnostic performances of CAP, ultrasonography and HSI

The diagnostic performances of the CAP, ultrasonography and HSI for steatosis are outlined

in Table 2. The sensitivity, specificity, PPV, and NPV of the CAP were 91.9%, 85.7%, 85.0%,

and 92.3%, respectively. The estimated κ value for the association between liver biopsy and the

CAP was 0.772 (P<0.001), which was higher than those for ultrasonography (0.600, P<0.001)

and HSI (0.470, P<0.001), which showed the overall good concordance between liver biopsy

and the CAP for diagnosing steatosis.

Table 1. Clinical characteristics of the patients.

Characteristics Patient data (n = 79)

Age (years) 46.1±14.8

Gender

Male 30

Female 49

Hypertension 15

Diabetes mellitus 20

Chronic liver disease etiology

Alcoholic liver disease 9

Chronic hepatitis B 12

Chronic hepatitis C 10

NAFLD 42

others 6

Body mass index (kg/m2) 26.0±5.1

Waist circumference (cm) 87.7±21.3

Total cholesterol (mg/mL) 175.2±38.5

Triglyceride (mg/mL) 148.6±112.7

HDL-cholesterol (mg/mL) 48.7±16.8

LDL-cholesterol (mg/mL) 105.1±38.8

AST (IU/L) 68.0±51.0

ALT (IU/L) 76.0±71.8

Total bilirubin (mg/dL) 0.8±1.1

Serum albumin (g/dL) 4.1±0.4

Platelet (103/μL) 187.5±65.7

PT(INR) 1.0±0.1

Liver histology

Steatosis S0/S1/S2/S3 41/22/12/4

Metavir score F0/F1/F2/F3/F4 10/22/23/15/9

Ultrasonography

normal/mild/moderate/severe 32/21/15/11

CAP (dB/m, mean±SD) 251.1±65.8

Liver stiffness value (kPa, mean±SD) 12.8±10.6

NAFLD, non alcoholic fatty liver disease; AST, aspartate aminotransferase; ALT, alanine aminotrasferase;

PT, prothrombin time; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CAP, controlled

attenuation parameter; SD, standard deviation

https://doi.org/10.1371/journal.pone.0182784.t001
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Comparison of CAP, ultrasonography and HSI for detecting hepatic

steatosis

The CAP is useful for detecting steatosis. The high diagnostic accuracy of the CAP for steatosis

was also shown by the ROC curve and the AUROC (Table 2 and Fig 1). The AUROC of the

CAP was 0.899 [95% confidence interval (CI) = 0.826–0.972], which is higher than the value

for ultrasonography and HSI, at 0.859 (95% CI = 0.779–0.939) and 0.766 (95% CI = 0.655–

0.877), respectively. The CAP has higher diagnostic accuracy than HSI (P = 0.039)

Relationship between CAP and steatosis grade

The CAP is useful in quantifying steatosis. The estimated κ value for the association between

liver biopsy and the CAP was 0.772 (P<0.001), which represented substantial agreement. The

CAP exhibited good performance in detecting early-stage steatosis. The CAP differed signifi-

cantly only between patients at grades S0 and S1 (P<0.001), and not between the other steatosis

grades (Fig 2). The median CAP values for patients with steatosis of grades S0, S1, S2, and S3

were 203.0 dB/m (range = 114.0–337.0dB/m), 299.5 dB/m (range = 169.0–379.0 dB/m), 309.5

dB/m (range = 199.0–386.0 dB/m), and 329.5 dB/m (range = 259.0–388.0 dB/m), respectively.

Optimal cutoff value of the CAP

The optimal CAP cutoff value for differentiating between normal and hepatic steatosis (�S1)

was 247 dB/m (AUROC = 0.899, 95% CI = 0.826–0.972), which produced a sensitivity and

specificity of 91.9% and 85.7%, respectively, as well as a PPV of 85.0% and a NPV of 92.3%.

Meanwhile, to facilitate clear interpretation, we considered CAP values of<200 dB/m and

>300 dB/m, which showed 94.6% sensitivity in CAP <200 dB/m and 100.0% specificity in

CAP>300 dB/m, respectively (Table 3). This suggests that the CAP can be reliably used to

determine whether or not hepatic steatosis is present.

Factors associated with steatosis on liver biopsy

Clinical and biological factors associated with steatosis were evaluated. As shown in Table 4,

univariate analysis identified that age>50 year, BMI and NAFLD were significant factors. By

multivariate analysis, factors associated with steatosis were BMI> 30 kg/m2 and NAFLD.

Diagnostic performance of liver stiffness measurements

The κ index test indicated that the diagnostic performance of hepatic fibrosis measurements is

moderate. The sensitivity, specificity, PPV, and NPV of measurements using the FibroScan

device were 92.0%, 63.0%, 53.5%, and 94.4%, respectively.

Table 2. Diagnostic performance of the CAP and ultrasonography.

McNemar Kappa index test

sensitivity specificity PPV NPV AUROC P-value estimate P-value agreement

CAP 0.919 0.857 0.850 0.923 0.899 0.505 0.772 <0.001 substantial

USG 0.919 0.690 0.723 0.906 0.859 0.024 0.600 <0.001 moderate

HSI 0.784 0.690 0.690 0.784 0.766 0.383 0.470 <0.001 moderate

CAP, controlled attenuation parameter; USG, ultrasonography; HSI, hepatic steatosis index; PPV, positive predictive value; NPV, negative predictive value;

AUROC, area under the receiver-operator curve

AUROCs are given with 95% confidence interval (95% CI)

https://doi.org/10.1371/journal.pone.0182784.t002
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Discussion

The CAP is now widely used as a noninvasive, objective, and safe method for assessing ste-

atosis [22], and it has been shown to be effectively at detecting early-stage steatosis (>5%

Fig 1. ROC curves and AUROC for CAP, ultrasonography and HSI for detecting hepatic steatosis. ROC, Receiver operating characteristics

(ROC); AUROC, and area under ROC; CAP, Controlled attenuation parameters, HSI, hepatic steatosis grade.

https://doi.org/10.1371/journal.pone.0182784.g001
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steatosis), and it is also feasible in irrespective of age, even for children [27, 28]. Although the

CAP is used for detecting steatosis and measuring the steatosis grade, there have been few

attempts to validate its use. Previous studies have found that the CAP is better at detecting stea-

tosis than determining the steatosis grade.

Fig 2. The distribution CAP values according to histologic steatosis grade. The line through the box indicates the median. The bottom and top of each

box represent the 25th and 75th percentiles. CAP was only significantly different between S0 and S1 (P<0.001), while difference between S1 and S2

(P = 1.000), and S2 and S3 (P = 1.000) was not significant. CAP, Controlled attenuation parameters.

https://doi.org/10.1371/journal.pone.0182784.g002
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The present study found that the performance of the CAP in detecting steatosis was accept-

able, with good accuracy (AUROC = 0.899 for�S1) (Table 2), which is consistent with previ-

ous studies. Lee et al [29] proposed that the CAP exhibited good accuracy, with AUROC

values of 0.953 for�S1, 0.855 for�S2, and 0.726 for S3; Chon et al [30] reported similar

results, with corresponding values of 0.885, 0.894, and 0.800. Another study found that

AUROC and the accuracy of the CAP in chronic hepatitis C patients are satisfactory for detect-

ing >10% steatosis [31]. Based on our data we concluded that the CAP has good accuracy in

detecting early-stage hepatic steatosis (>5%).

In this study, factors associated with steatosis on liver biopsy were investigated. BMI>30

kg/m2and NAFLD were independently associated with steatosis. The influence of BMI has

already been reported in several studies [30, 32]. An interesting result is that only NAFLD is

associated with steatosis in etiologic factors, while viral hepatitis and alcohol abuse were not.

Further studies are necessary to validate the influences related to etiologies.

The quantification of hepatic steatosis is still a matter of debate. Several studies have found

the CAP to be correlated with the histological steatosis grade, but that differentiating the stea-

tosis grade was not satisfactory. In our study, the CAP showed poor accuracy for differentiat-

ing the steatosis grade—differentiation was only possible between grades S0 and S1, while

there was no significant difference between grades S1 and S2 or between grades S2 and S3 (Fig

2). Similar studies have shown limitations in differentiating late-stage steatosis or steatosis of

adjacent grades. In particular, most studies have found it difficult to separate grades S2 and S3

[22, 30, 31, 33–35]. Chon et al reported that separating the steatosis grade is possible in early-

stage steatosis [30]. Sasso et al suggested that the CAP is good for differentiating between large

differences in steatosis grades [31]. Myers et al [33] and Sasso et al [22] also reported that the

Table 3. The optimal cut off value of the CAP for differentiating between normal and hepatic steatosis.

McNemar Kappa index test

sensitivity specificity PPV NPV AUROC P-value estimate P-value agreement

CAP (200) 0.946 0.405 0.583 0.895 0.675 0.000 0.338 0.001 fair

CAP (300) 0.514 1.000 0.950 0.695 0.745 0.000 0.503 0.001 moderate

CAP, controlled attenuation parameter; PPV, positive predictive value; NPV, negative predictive value; AUROC, area under the receiver-operator curve

https://doi.org/10.1371/journal.pone.0182784.t003

Table 4. Factors associated with steatosis on liver biopsy.

Univariate analysis Multivariate analysis

Odds ratio 95% CI P value Odds ratio 95% CI P value

Sex (Male) 0.713 0.286–1.774 0.467

Age >50 year 0.399 0.159–0.999 0.050 0.327 0.086–1.246 0.102

Diabetes 0.221 0.679–5.342 1.904

Hypertension 0.552 0.176–1.735 0.309

Chronic hepatitis B 0.311 0.163–1.782 0.311

Chronic hepatitis C 0.999 0.000–0.000 1.000

NAFLD 10.826 3.476–30.436 <0.001 8.920 2.303–34.554 0.002

Alcohol 1.919 0.426–8.648 0.396

ALT >80IU/ml 2.145 0.771–5.964 0.144

BMI

[25–30] vs.�25 kg/m2 4.284 1.396–13.148 0.011 3.739 0.981–14.250 0.053

>30 vs. [25–30] kg/m2 61.625 7.083–536.150 <0.001 8.920 3.636–341.834 0.002

NAFLD, non alcoholic fatty liver disease; CI, confidence interval; ALT, alanine aminotrasferase; BMI, body mass index.

https://doi.org/10.1371/journal.pone.0182784.t004
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CAP could not separate steatosis grades S2 and S3, although the CAP was correlated with the

steatosis grade. Moreover, high CAP values are associated with a high risk of discordance

between liver biopsy and CAP findings [36]. Fujimori et al have shown limitation that the

meaningful positive correlation was not found in the patients with BMI of 25 kg/m2 or more

or stage 2–4 fibrosis [37]. We therefore suggest that while the CAP is positively correlated with

the steatosis grade, it cannot be used to accurately differentiate steatosis grades in the late-stage

steatosis or obese patients. To overcome these limitations, further studies are needed for accu-

rate steatosis quantification.

The cutoff value of CAP for the diagnosis of hepatic steatosis is still controversial, with it

varying with the study population and steatosis criteria. In the present study we found that the

optimal cutoff value of CAP for detecting hepatic steatosis of>5% was 247 dB/m (AUROC =

0.899, 95% CI = 0.826–0.972). The sensitivity and specificity values of the CAP were 91.9% and

85.7%, respectively. This finding is similar to previous studies finding optimal cutoff values for

grade S1 (5–33% steatosis) of 247 dB/m [29] and 250 dB/m [30]. However, the determined cut-

off value has differed markedly between studies. Lédinghen et al [38] and Sasso [31] reported

low cutoff values for detecting�S1 steatosis (which is defined as a percentage of hepatocytes

with a fat content of>11%) were 214 and 222 dB/m, respectively. In contrast with these stud-

ies, Myers et al [33] suggested a higher cutoff value of 283 dB/m. Previous studies on the accu-

racy and cutoff values of CAP in discriminating steatosis are summarized in Table 5.

We analyzed the sensitivity and specificity when using CAP cutoff values of 200 and 300

dB/m, respectively (Table 3). When the cutoff was 200 dB/m, the sensitivity was 94.6% and

AUROC was 0.675; that is, there was few possibility of steatosis when the CAP was�200 dB/

m. Meanwhile, when the cutoff was 300 dB/m, the specificity was 100% and AUROC was

0.745; that is, all cases had steatosis when the CAP was�300 dB/m. The correlation between

CAP value and the severity of steatosis was not clear for values between 200 and 300 dB/m,

and so further study is needed to clarify this. Finally, our results showed that a cutoff of 247

dB/m was the most appropriate for diagnosing hepatic steatosis.

We compared the usefulness of the CAP, ultrasonography, and HSI for detecting hepatic

steatosis. The AUROC value for the diagnostic performance for steatosis was higher for the

Table 5. Summary of previous studies on the accuracy and cutoff values of CAP in discriminating steatosis.

Author, year (Reference) Patients

(n)

Etiology (n) Steatosis definition Cut off of steatosis AUROC Sensitivity Specificity

Sasso et al (2010) [22] 115 - Steatosis� 11% 237.7 dB/m 0.91 91% 81%

Meyers et al (2012) [33] 153 Viral hepatitis (67) Steatosis� 10% 283 dB/m 0.81 76% 79%

NAFLD (72)

Others (9)

Le´dinghen et al (2012) [38] 112 NAFLD (28) Steatosis� 11% 215 dB/m 0.84 � 90% -

HCV (40)

Alcohol (6)

Others (38)

Sasso et al (2012) [31] 615 HCV (615) Steatosis� 11% 222 dB/m 0.80 76% 71%

Chon et al (2014) [30] 135 NAFLD (56) Steatosis� 5% 250 dB/m 0.88 73% 95%

HBV (47)

HCV (12)

Lee et al (2016) [29] 183 NAFLD (94) Steatosis� 5% 247 dB/m 0.85 88% 100%

Non-NAFLD (89)

NAFLD, non alcoholic fatty liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus

https://doi.org/10.1371/journal.pone.0182784.t005
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CAP (0.899) than for ultrasonography (0.859) and HSI (0.766) (Table 2). The CAP only

showed substantial agreement in diagnostic performance in detecting steatosis. However,

ultrasonography and HSI were moderate agreement. These results suggest that the CAP is the

most accurate among the three examinations for detecting hepatic steatosis.

In comparison with other modalities, the CAP presents several advantages compared to

ultrasonography and HSI. First, the CAP can be used to detect early-stage steatosis; in this

study the CAP demonstrated good accuracy for detecting >5% steatosis. Lédinghen et al sug-

gested that the CAP is very effective for detecting even low-grade steatosis [38]. In contrast, it

is difficult to detect a fatty liver early using ultrasonography. Previous meta-analyses that have

assessed the performance of ultrasonography found that its sensitivity increases with increas-

ing degree of fatty infiltration [39]. Ultrasonography allows for the reliable detection of a mod-

erate-to-severe fatty liver (�20% steatosis) with a sensitivity of 84.8% and a specificity of 93.6%

[14]. Second, the CAP is an objective and reproducible method with a low interobserver vari-

ability [33, 40]. In contrast, the reproducibility of diagnoses of fatty liver using ultrasonography

is poor because the procedure is highly dependent on both the operator and the device used

[41]. HSI also showed objective results, but low diagnostic accuracy adjusted by Bonferroni

correction compared to CAP (P = 0.020). Third, the CAP can be performed using simulta-

neous measurements of liver stiffness and steatosis. Moreover, the diagnostic accuracy and

quantification of hepatic fibrosis has been widely validated [42]; we also showed a moderate

diagnostic performance for the liver stiffness in this study.

Our study was subject to several limitations. First, although this study had a prospective

design, the overall sample was small, especially for steatosis of grades S2 and S3. This made it

difficult to identify differences between late-stage steatosis. Small sample might be related to

the false negative results regarding the accuracy of CAP in discriminating late stage steatosis.

Second, ultrasonography is performed by a single experienced investigator in this study. Con-

sidering that ultrasonographic findings are basically operator-dependent, at least two investi-

gators would have been necessary for more reliable grading of steatosis. To minimize the

possibility of intra-observer bias, we performed ultrasonographic examination twice during

hospitalization, before and after liver biopsy.

Conclusions

This study has demonstrated that the CAP has a high concordance with the results of a liver

biopsy in detecting steatosis. The CAP is moderately correlated with the steatosis stage,

although it cannot be used to differentiate adjacent steatosis stages. The CAP is a noninvasive

and reliable tool for evaluating liver steatosis, even in the early stages.

Supporting information

S1 Data File. This file provides the data of manuscript.

(XLSX)

Author Contributions

Conceptualization: Eui Ju Park, Jae Young Jang, Boo Sung Kim.

Data curation: Baek Gyu Jun, Won Young Park, Sang-Woo Cha, Young Deok Cho, So Young

Jin, Suyeon Park.

Formal analysis: Soung Won Jeong, Sae Hwan Lee, Sang Gyune Kim, Sang-Woo Cha, Young

Seok Kim, Young Deok Cho.

The accuracy of the FibroScan in evaluating liver steatosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0182784 August 15, 2017 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0182784.s001
https://doi.org/10.1371/journal.pone.0182784


Funding acquisition: Jae Young Jang.

Methodology: Baek Gyu Jun, Boo Sung Kim, So Young Jin, Suyeon Park.

Project administration: Soung Won Jeong, Sang Gyune Kim.

Resources: Sang Gyune Kim, Hong Soo Kim, Suyeon Park.

Software: Sae Hwan Lee, Young Seok Kim, Hong Soo Kim, Suyeon Park.

Supervision: Jae Young Jang.

Validation: Young Deok Cho, So Young Jin.

Writing – original draft: Baek Gyu Jun.

Writing – review & editing: Baek Gyu Jun, Won Young Park.

References
1. Adams LA, Sanderson S, Lindor KD, Angulo P. The histological course of nonalcoholic fatty liver dis-

ease: a longitudinal study of 103 patients with sequential liver biopsies. J Hepatol. 2005; 42(1):132–8.

https://doi.org/10.1016/j.jhep.2004.09.012 PMID: 15629518.

2. Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: from steatosis to cirrhosis. Hepatology. 2006; 43

(2 Suppl 1):S99–S112. https://doi.org/10.1002/hep.20973 PMID: 16447287.

3. Cheung O, Sanyal AJ. Hepatitis C infection and nonalcoholic fatty liver disease. Clin Liver Dis. 2008; 12

(3):573–85, viii-ix. https://doi.org/10.1016/j.cld.2008.03.005 PMID: 18625429.

4. Leandro G, Mangia A, Hui J, Fabris P, Rubbia-Brandt L, Colloredo G, et al. Relationship between stea-

tosis, inflammation, and fibrosis in chronic hepatitis C: a meta-analysis of individual patient data. Gastro-

enterology. 2006; 130(6):1636–42. https://doi.org/10.1053/j.gastro.2006.03.014 PMID: 16697727.

5. Poynard T, Ratziu V, McHutchison J, Manns M, Goodman Z, Zeuzem S, et al. Effect of treatment with

peginterferon or interferon alfa-2b and ribavirin on steatosis in patients infected with hepatitis C. Hepa-

tology. 2003; 38(1):75–85. https://doi.org/10.1053/jhep.2003.50267 PMID: 12829989.

6. Kurosaki M, Hosokawa T, Matsunaga K, Hirayama I, Tanaka T, Sato M, et al. Hepatic steatosis in

chronic hepatitis C is a significant risk factor for developing hepatocellular carcinoma independent of

age, sex, obesity, fibrosis stage and response to interferon therapy. Hepatol Res. 2010; 40(9):870–7.

https://doi.org/10.1111/j.1872-034X.2010.00692.x PMID: 20887591.

7. Limanond P, Raman SS, Lassman C, Sayre J, Ghobrial RM, Busuttil RW, et al. Macrovesicular hepatic

steatosis in living related liver donors: correlation between CT and histologic findings. Radiology. 2004;

230(1):276–80. https://doi.org/10.1148/radiol.2301021176 PMID: 14695401.

8. Minervini MI, Ruppert K, Fontes P, Volpes R, Vizzini G, de Vera ME, et al. Liver biopsy findings from

healthy potential living liver donors: reasons for disqualification, silent diseases and correlation with liver

injury tests. J Hepatol. 2009; 50(3):501–10. https://doi.org/10.1016/j.jhep.2008.10.030 PMID:

19155086.

9. Myers RP, Fong A, Shaheen AA. Utilization rates, complications and costs of percutaneous liver biopsy:

a population-based study including 4275 biopsies. Liver Int. 2008; 28(5):705–12. https://doi.org/10.

1111/j.1478-3231.2008.01691.x PMID: 18433397.

10. Ratziu V, Charlotte F, Heurtier A, Gombert S, Giral P, Bruckert E, et al. Sampling variability of liver

biopsy in nonalcoholic fatty liver disease. Gastroenterology. 2005; 128(7):1898–906. PMID: 15940625.

11. Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD, American Association for the Study of

Liver D. Liver biopsy. Hepatology. 2009; 49(3):1017–44. https://doi.org/10.1002/hep.22742 PMID:

19243014.

12. Schwenzer NF, Springer F, Schraml C, Stefan N, Machann J, Schick F. Non-invasive assessment and

quantification of liver steatosis by ultrasound, computed tomography and magnetic resonance. J Hepa-

tol. 2009; 51(3):433–45. https://doi.org/10.1016/j.jhep.2009.05.023 PMID: 19604596.

13. Oh H, Jun DW, Saeed WK, Nguyen MH. Non-alcoholic fatty liver diseases: update on the challenge of

diagnosis and treatment. Clinical and Molecular Hepatology. 2016; 22(3):327. https://doi.org/10.3350/

cmh.2016.0049 PMID: 27729634

14. Hernaez R, Lazo M, Bonekamp S, Kamel I, Brancati FL, Guallar E, et al. Diagnostic accuracy and reli-

ability of ultrasonography for the detection of fatty liver: a meta-analysis. Hepatology. 2011; 54

(3):1082–90. https://doi.org/10.1002/hep.24452 PMID: 21618575; PubMed Central PMCID:

PMC4197002.

The accuracy of the FibroScan in evaluating liver steatosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0182784 August 15, 2017 12 / 14

https://doi.org/10.1016/j.jhep.2004.09.012
http://www.ncbi.nlm.nih.gov/pubmed/15629518
https://doi.org/10.1002/hep.20973
http://www.ncbi.nlm.nih.gov/pubmed/16447287
https://doi.org/10.1016/j.cld.2008.03.005
http://www.ncbi.nlm.nih.gov/pubmed/18625429
https://doi.org/10.1053/j.gastro.2006.03.014
http://www.ncbi.nlm.nih.gov/pubmed/16697727
https://doi.org/10.1053/jhep.2003.50267
http://www.ncbi.nlm.nih.gov/pubmed/12829989
https://doi.org/10.1111/j.1872-034X.2010.00692.x
http://www.ncbi.nlm.nih.gov/pubmed/20887591
https://doi.org/10.1148/radiol.2301021176
http://www.ncbi.nlm.nih.gov/pubmed/14695401
https://doi.org/10.1016/j.jhep.2008.10.030
http://www.ncbi.nlm.nih.gov/pubmed/19155086
https://doi.org/10.1111/j.1478-3231.2008.01691.x
https://doi.org/10.1111/j.1478-3231.2008.01691.x
http://www.ncbi.nlm.nih.gov/pubmed/18433397
http://www.ncbi.nlm.nih.gov/pubmed/15940625
https://doi.org/10.1002/hep.22742
http://www.ncbi.nlm.nih.gov/pubmed/19243014
https://doi.org/10.1016/j.jhep.2009.05.023
http://www.ncbi.nlm.nih.gov/pubmed/19604596
https://doi.org/10.3350/cmh.2016.0049
https://doi.org/10.3350/cmh.2016.0049
http://www.ncbi.nlm.nih.gov/pubmed/27729634
https://doi.org/10.1002/hep.24452
http://www.ncbi.nlm.nih.gov/pubmed/21618575
https://doi.org/10.1371/journal.pone.0182784


15. Debongnie JC, Pauls C, Fievez M, Wibin E. Prospective evaluation of the diagnostic accuracy of liver

ultrasonography. Gut. 1981; 22(2):130–5. PMID: 7215943; PubMed Central PMCID: PMC1419234.

16. Foster KJ, Dewbury KC, Griffith AH, Wright R. The accuracy of ultrasound in the detection of fatty infil-

tration of the liver. Br J Radiol. 1980; 53(629):440–2. https://doi.org/10.1259/0007-1285-53-629-440

PMID: 7388276.

17. Joseph AE, Saverymuttu SH, al-Sam S, Cook MG, Maxwell JD. Comparison of liver histology with ultra-

sonography in assessing diffuse parenchymal liver disease. Clin Radiol. 1991; 43(1):26–31. PMID:

1999069.

18. Saverymuttu SH, Joseph AE, Maxwell JD. Ultrasound scanning in the detection of hepatic fibrosis and

steatosis. Br Med J (Clin Res Ed). 1986; 292(6512):13–5. PMID: 3080046; PubMed Central PMCID:

PMC1338970.

19. Mottin CC, Moretto M, Padoin AV, Swarowsky AM, Toneto MG, Glock L, et al. The role of ultrasound in

the diagnosis of hepatic steatosis in morbidly obese patients. Obes Surg. 2004; 14(5):635–7. https://

doi.org/10.1381/096089204323093408 PMID: 15186630.

20. Fishbein M, Castro F, Cheruku S, Jain S, Webb B, Gleason T, et al. Hepatic MRI for fat quantitation: its

relationship to fat morphology, diagnosis, and ultrasound. J Clin Gastroenterol. 2005; 39(7):619–25.

PMID: 16000931.

21. Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C, Mal F, et al. Transient elastography: a new

noninvasive method for assessment of hepatic fibrosis. Ultrasound Med Biol. 2003; 29(12):1705–13.

PMID: 14698338.

22. Sasso M, Beaugrand M, de Ledinghen V, Douvin C, Marcellin P, Poupon R, et al. Controlled attenuation

parameter (CAP): a novel VCTE guided ultrasonic attenuation measurement for the evaluation of

hepatic steatosis: preliminary study and validation in a cohort of patients with chronic liver disease from

various causes. Ultrasound Med Biol. 2010; 36(11):1825–35. https://doi.org/10.1016/j.ultrasmedbio.

2010.07.005 PMID: 20870345.

23. Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, Cummings OW, et al. Design and validation

of a histological scoring system for nonalcoholic fatty liver disease. Hepatology. 2005; 41(6):1313–21.

https://doi.org/10.1002/hep.20701 PMID: 15915461

24. Castera L, Forns X, Alberti A. Non-invasive evaluation of liver fibrosis using transient elastography. J

Hepatol. 2008; 48(5):835–47. Epub 2008/03/13. https://doi.org/10.1016/j.jhep.2008.02.008 PMID:

18334275.

25. Hamaguchi M, Kojima T, Itoh Y, Harano Y, Fujii K, Nakajima T, et al. The severity of ultrasonographic

findings in nonalcoholic fatty liver disease reflects the metabolic syndrome and visceral fat accumula-

tion. Am J Gastroenterol. 2007; 102(12):2708–15. https://doi.org/10.1111/j.1572-0241.2007.01526.x

PMID: 17894848.

26. Fleiss JL, Levin B, Paik MC. Statistical methods for rates and proportions: John Wiley & Sons; 2013.

27. Cho Y, Tokuhara D, Morikawa H, Kuwae Y, Hayashi E, Hirose M, et al. Transient elastography-based

liver profiles in a hospital-based pediatric population in Japan. PloS one. 2015; 10(9):e0137239. https://

doi.org/10.1371/journal.pone.0137239 PMID: 26398109

28. Tokuhara D, Cho Y, Shintaku H. Transient Elastography-Based Liver Stiffness Age-Dependently

Increases in Children. PloS one. 2016; 11(11):e0166683. https://doi.org/10.1371/journal.pone.0166683

PMID: 27861607

29. Lee HW, Park SY, Kim SU, Jang JY, Park H, Kim JK, et al. Discrimination of Nonalcoholic Steatohepati-

tis Using Transient Elastography in Patients with Nonalcoholic Fatty Liver Disease. PloS one. 2016; 11

(6):e0157358. https://doi.org/10.1371/journal.pone.0157358 PMID: 27284700

30. Chon YE, Jung KS, Kim SU, Park JY, Park YN, Kim DY, et al. Controlled attenuation parameter (CAP)

for detection of hepatic steatosis in patients with chronic liver diseases: a prospective study of a native

Korean population. Liver International. 2014; 34(1):102–9. https://doi.org/10.1111/liv.12282 PMID:

24028214

31. Sasso M, Tengher-Barna I, Ziol M, Miette V, Fournier C, Sandrin L, et al. Novel controlled attenuation

parameter for noninvasive assessment of steatosis using Fibroscan®: validation in chronic hepatitis C.

Journal of viral hepatitis. 2012; 19(4):244–53. https://doi.org/10.1111/j.1365-2893.2011.01534.x PMID:

22404722
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