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Purpose: To evaluate the accuracy of shear-wave elastography 
(SWE) for staging liver fibrosis in patients with diffuse 
liver disease (including patients with hepatitis C virus 
[HCV]) and to determine the relative accuracy of SWE 
measurements obtained from different hepatic acquisition 
sites for staging liver fibrosis.

Materials and 
Methods:

The institutional review board approved this single-insti-
tution prospective study, which was performed between 
January 2010 and March 2013 in 136 consecutive patients 
who underwent SWE before their scheduled liver biopsy 
(age range, 18–76 years; mean age, 49 years; 70 men, 
66 women). Informed consent was obtained from all pa-
tients. SWE measurements were obtained at four sites in 
the liver. Biopsy specimens were reviewed in a blinded 
manner by a pathologist using METAVIR criteria. SWE 
measurements and biopsy results were compared by using 
the Spearman correlation and receiver operating charac-
teristic (ROC) curve analysis.

Results: SWE values obtained at the upper right lobe showed the 
highest correlation with estimation of fibrosis (r = 0.41, 
P , .001). Inflammation and steatosis did not show any 
correlation with SWE values except for values from the left 
lobe, which showed correlation with steatosis (r = 0.24, P 
= .004). The area under the ROC curve (AUC) in the dif-
ferentiation of stage F2 fibrosis or greater, stage F3 fibro-
sis or greater, and stage F4 fibrosis was 0.77 (95% confi-
dence interval [CI]: 0.68, 0.86), 0.82 (95% CI: 0.75, 0.91), 
and 0.82 (95% CI: 0.70, 0.95), respectively, for all subjects 
who underwent liver biopsy. The corresponding AUCs for 
the subset of patients with HCV were 0.80 (95% CI: 0.67, 
0.92), 0.82 (95% CI: 0.70, 0.95), and 0.89 (95% CI: 0.73, 
1.00). The adjusted AUCs for differentiating stage F2 or 
greater fibrosis in patients with chronic liver disease and 
those with HCV were 0.84 and 0.87, respectively.

Conclusion: SWE estimates of liver stiffness obtained from the right 
upper lobe showed the best correlation with liver fibrosis 
severity and can potentially be used as a noninvasive test 
to differentiate intermediate degrees of liver fibrosis in 
patients with liver disease.
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Advances in Knowledge

nn Estimates of liver stiffness with 
shear-wave elastography (SWE) 
showed the highest correlation 
with the stage of liver fibrosis 
when obtained in the upper right 
lobe of the liver (r = 0.41, P , 
.001); values obtained in the left 
lobe of the liver did not correlate 
with the fibrosis stage at liver 
biopsy (r = 0.16, P = .06).

nn SWE shows a high diagnostic ac-
curacy in differentiating lower 
stages of fibrosis (F0, F1) from 
higher stages of fibrosis (F2, F3, 
F4), with an area under the re-
ceiver operating characteristic 
curve (AUC) of 0.77; when ad-
justed for spectrum bias, the 
AUC is 0.84.

Implication for Patient Care

nn SWE can be used to noninva-
sively stage liver fibrosis in 
patients with diffuse liver disease 
and in some clinical circum-
stances may replace liver biopsy 
for this purpose.

The prevalence of chronic liver 
disease (CLD) in the United States 
between 2005 and 2008 was esti-

mated to be as high as 14.8% (1), with 
as many as 150 000 new cases diagnosed 
each year (2)—20% of which had cirrho-
sis at presentation. The multiple causes 
of CLD follow a common pathway of 
progressive liver fibrosis, ultimately cul-
minating in cirrhosis. These include hep-
atitis C virus (HCV), hepatitis B virus, 
nonalcoholic fatty liver disease, and alco-
holic liver disease (3). Although the prev-
alence of major causes of CLD remains 
stable, data from the National Health and 
Nutrition Examination Surveys show that 
nonalcoholic fatty liver disease will be a 
substantial burden on the prevalence of 
CLD in the United States (1). Advanced 
fibrosis, cirrhosis, and hepatocellular 
carcinoma develop in about 17%–55% 
of patients with HCV and 20%–40% of 
those with hepatitis B virus and nonal-
coholic steatohepatitis (4–6). Although 
early fibrosis has been shown to be partly 
reversible, cirrhosis is, by definition, irre-
versible. Hence, the goal of CLD manage-
ment is to prevent progression to cirrho-
sis and attempt reversal of early fibrosis. 
Liver biopsy is currently the standard of 
reference for the evaluation of fibrosis in 
patients with known liver disease. How-
ever, liver biopsy is invasive, associated 
with morbidity, and expensive (7). The 

accuracy of liver biopsy is also limited 
by interobserver variability and sampling 
error (7). The high cost and limited pa-
tient acceptance make it impractical to 
repeatedly perform liver biopsy for the 
long-term monitoring of CLD.

As a result, there has been a search 
for alternate noninvasive methods for 
diagnosing and staging liver fibrosis (8). 
Surrogate blood markers and imaging 
techniques have been shown to help 
predict liver fibrosis stage with varying 
degrees of accuracy. Imaging techniques 
used thus far have included morpho-
logic analysis, computed tomographic 
(CT) perfusion analysis (9), magnetic 
resonance (MR) perfusion analysis (10), 
water diffusion imaging (11,12), and 
elastography. Ultrasonographic (US) 
elastography and MR elastography have 
both shown promising results in several 
clinical studies (11,13–15), with US-
based elastography providing the addi-
tional advantage of real-time imaging 
and lower cost. Transient elastography, 
a vibroacoustic nonimaging technology, 
and acoustic radiation force imaging, 
which is an imaging-based technology, 
have both been shown to be highly ac-
curate for the diagnosis of cirrhosis and 
of intermediate accuracy for the differen-
tiation of mild and moderate hepatic fi-
brosis (13–15). Shear-wave elastography 
(SWE) uses measurement of acoustically 
generated tissue shear wave propagation 
speeds to derive estimates of liver stiff-
ness, with the advantage of simultaneous 
anatomic B-mode US imaging (16). This 
allows selection of a liver parenchymal 
region of interest devoid of blood vessels 
or focal lesions for analysis.

The literature specifically assessing 
the utility of noninvasive assessment 
of CLD with use of SWE technology is 
limited, and the ideal site for SWE eval-
uation has not yet been determined. The 
purpose of this cross-sectional study 

was to evaluate the accuracy of SWE 
for staging liver fibrosis in patients with 
diffuse liver disease (including patients 
with HCV) and to determine the rela-
tive accuracy of SWE measurements 
obtained from different hepatic acquisi-
tion sites for staging liver fibrosis.

Materials and Methods

SuperSonic Imagine (Aix-en-Provence, 
France) supported the study by loan-
ing an Aixplorer system to the investi-
gators. The authors had control of the 
data and the information submitted for 
publication.

Design Overview and Study Population
This prospective single-institution study 
was approved by the institutional review 
board and was compliant with the Health 
Insurance Portability and Accountability 
Act. Patients known to have or suspected 
of having diffuse liver disease who were 
scheduled for US-guided nonfocal liver 
biopsy in the interventional radiology 
department were eligible for the study. 



ULTRASONOGRAPHY: Shear-Wave Elastography for the Estimation of Liver Fibrosis	 Samir et al

890	 radiology.rsna.org  n  Radiology: Volume 274: Number 3—March 2015

Patients younger than 18 years were not 
included in the study. Informed consent 
was obtained from patients who fulfilled 
the inclusion criteria before the liver bi-
opsy procedure. Under institutional re-
view board approval, it was mandatory 
that a physician who did not obtain con-
sent and/or perform the clinical liver 
biopsy obtain informed consent for par-
ticipation in the research study. All sub-
jects underwent a SWE examination per-
formed by a sonographer with more than 
5 years of experience. Nonfocal liver bi-
opsies were subsequently performed un-
der US guidance. Pathologic assessment 
of liver biopsies with use of the METAVIR 
histopathology scoring system was used 
as the standard of reference.

SWE Examination
SWE was performed by using the Aix-
plorer US system (SuperSonic Imagine) 
with a convex broadband probe (SC6–1,  
SuperSonic Imagine). The technology 
measures the speed of shear wave 
propagation (16), which is then used 

to compute tissue stiffness, also known 
as the Young modulus of elasticity, in 
kilopascals. These quantitative values 
are also mapped as a color-coded two-
dimensional SWE image of tissue stiff-
ness, which is simultaneously generated 
with conventional B-mode images.

SWE was performed by one sonog-
rapher with 16 years of experience im-
mediately before liver biopsy in the in-
terventional radiology US suite. Each 
SWE acquisition comprises 20 sequential 
measurements recorded in the form of a 
cine clip. Before biopsy, three 20-mea-
surement elastographic cine clips were 
obtained at each of the following loca-
tions in the liver: (a) left lobe, (b) upper 
right lobe, and (c) lower right lobe. Pa-
tients were not sedated. Upper right lobe 
measurements were defined as measure-
ments obtained at a depth of less than 
5 cm from the skin surface. Upper right 
lobe measurements were obtained by 
means of an intercostal acoustic window, 
whereas lower right lobe measurements 
were either intercostal or subcostal. 

Before biopsy sampling, a fourth set of 
three cine loop elastograms was acquired 
from the region of the liver that was se-
lected as the biopsy site with the biopsy 
needle in position (Fig 1). Hence, a total 
of 12 SWE cine loops, comprising 240 
distinct elastographic measurements, 
were acquired from four sites. After the 
biopsy, we performed image postpro-
cessing at a dedicated workstation. On 
this dedicated workstation, a postdoc-
toral research fellow (M.D.) with 1 year 
of experience in elastography placed all 
regions of interest within the SWE image 
with a qualitative image scale extending 
from 0 to 40 kPa. The largest possible 
region of interest (range, 10–30 mm2) 
that avoided blood vessels, portal tracts, 
and focal lesions was used. Three images 
that appeared subjectively consistent and 
to have minimal artifact were selected 
for each of the three nonbiopsy sites, 
and nine images were selected from the 
biopsy site for the placement of regions 
of interest. In this fashion, a total of 18 
SWE values were obtained. Mean and 

Figure 1

Figure 1:  Examples of SWE values obtained from offline quantification by placing a region of interest on elastograms obtained (a) in upper right lobe and (b) at 
biopsy site with needle in position. Both regions of interest were placed in an area devoid of blood vessels.
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to obesity. Two patients were excluded 
because they did not meet the histo-
logic examination criteria of a 10-mm-
long specimen and a minimum of three 
portal triads. In one patient, the biopsy 
specimen was obtained from the left 
lobe; hence, this patient was excluded 
from the data analysis. The remaining 
136 patients were included in the sta-
tistical analysis.

Demographics
Among the 136 patients, there were 70 
men and 66 women with a mean age 
of 49 years (range, 18–74 years). Liver 
biopsy was performed to evaluate (a) 
known liver disease (72 of 136 patients, 
53%), (b) elevated liver function tests  
(60 of 136 patients, 44%), and (c) el-
evated liver function tests after liver 
transplantation (four of 136 patients, 
3%) (Table 1).

Table 1

Patient Demographics and Clinical 
Indication for Liver Biopsy

Demographic and Histologic  
Characteristics

No. of 
Patients  
(n = 136)

Sex
  M 70
  F 66
Reason for biopsy
  Follow-up of known liver  

    disease
72

    Chronic HCV 43
    Autoimmune hepatitis 18
    HBV 8
    Hemochromatosis 1
    HIV and HCV coinfection 1
    Alcoholic liver disease 1
  Elevated liver function test 60
  Elevated liver function test  

    after transplantation
4

    History of HCV 2
    History of HIV and HCV  

    coinfection
1

    History of alcoholic liver  
    disease

1

Note.—Data are numbers of patients. Male patients 
ranged in age from 18 to 72 years (mean, 47 years 6 
13.02) and female patients ranged in age from 22 to 74 
years (mean, 51 years 6 10.82) (P = .14). HBV = 
hepatitis B virus, HIV = human immunodeficiency virus.

median elasticity values were calculated 
for each of the four measurement sites. 
All 18 elastograms were not available 
for 32 of the 136 patients (23.5%), and 
means and medians were calculated from 
the data available.

Liver Biopsy
Nonfocal liver biopsy was performed 
under US guidance by fellows in the de-
partment of abdominal imaging under 
the supervision of an attending physi-
cian with a minimum of 3 years of ex-
perience (range, 3–30 years). The pa-
tient gave consent and was given local 
anesthesia before the procedure. All bi-
opsy specimens were obtained from the 
right lobe by using a 16-gauge full core 
biopsy instrument (BioPince; Medical 
Device Technologies, Gainesville, Fla). 
The quantity of tissue obtained was not 
routinely recorded at the time of biopsy; 
however, it is our divisional protocol to 
try to obtain at least one 16-gauge 2-cm-
long core biopsy from the right lobe of 
the liver. All biopsy specimens were fixed 
in formalin and embedded in paraffin.

Histologic Examination
A subspecialist pathologist (A.K.B.) with 
29 years of experience who was blinded 
to the SWE values and clinical informa-
tion reviewed the biopsy specimens. The 
length of each biopsy specimen (in milli-
meters) and the number of portal tracts 
visualized were recorded. Visualization 
of a minimum of three portal triads and 
a biopsy sample at least 1 cm long were 
considered adequate for histologic ex-
amination. Liver fibrosis was staged by 
using the METAVIR staging system (17). 
Fibrosis, steatosis, and necroinflamma-
tory scores obtained with the METAVIR 
scoring system were used for statistical 
analysis. In the METAVIR system, fibro-
sis is graded with a five-point ordinal 
scale ranging from 0 to 4 (F0, absent; 
F1, enlarged fibrotic portal tract; F2, few 
portal-portal septa but intact architec-
ture; F3, many septa with architectural 
distortion but no obvious cirrhosis; and 
F4, cirrhosis). Steatosis was classified 
as absent (S0), less than 5% (S1), 5%–
33% (S2), 34%–66% (S3), and more 
than 66% (S4). The necroinflammatory 
score was calculated on the basis of the 

METAVIR score for (a) piecemeal and/or 
interface hepatitis (score, 0–3) and (b) 
lobular hepatitis (score, 0–2) to provide 
a total necroinflammatory activity score 
of 0–3 (also classified as A0–A3) (17).

Statistical Analysis
Statistical analysis was performed 
with SPSS software (IBM SPSS, ver-
sion 22.0; IBM, Armonk, NY).  
Mean SWE estimates of the Young mod-
ulus were calculated for each of the 
four liver SWE sites. The nonparamet-
ric Spearman correlation test was per-
formed to identify the site with the high-
est positive correlation with the fibrosis, 
steatosis, and total necroinflammatory 
score determined with the METAVIR 
system. Confidence intervals (CIs) for the 
correlation were calculated by using an 
online CI generator (http://vassarstats.
net/rho.html). The diagnostic perfor-
mance of SWE in differentiating (a) fibro-
sis of less than F2 from fibrosis of F2 or 
greater, (b) fibrosis of less than F3 from 
fibrosis of F3 or greater, and (c) fibrosis 
of less than F4 from fibrosis of F4 was 
calculated by plotting receiver operating 
characteristic (ROC) curves by using 
the SWE values from the site of highest 
correlation to obtain the area under the 
ROC curve (AUC). Optimal cutoffs were 
used to evaluate sensitivity, specificity, 
positive predictive value, negative predic-
tive value, positive likelihood ratio, and 
negative likelihood ratio, as calculated 
by using an online generator (http://vas-
sarstats.net/clin1.html). The same sets 
of statistics were then repeated after 
omitting transplant recipients and for the 
subset of patients with HCV. Adjustment 
to minimize spectrum bias was also per-
formed (Appendix E1 [online]).

Results

One hundred fifty patients were en-
rolled in the study between January 
2010 and March 2013. SWE data could 
not be obtained at the biopsy site after 
insertion of the biopsy needle in nine 
patients. In all of these cases, the bi-
opsy procedure could not be interrupt-
ed for SWE acquisition owing to patient 
discomfort. SWE data were not ade-
quately acquired in two patients owing 
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Table 2

Summary of Fibrosis, Steatosis, and 
Necroinflammatory Stages

Parameter No. of Patients (n = 136)

Fibrosis
  F0 19 (14)
  F1 82 (60.3)
  F2 18 (13.2)
  F3 10 (7.4)
  F4 7 (5.1)
Steatosis
  S0 35 (25.7)
  S1 37 (27.2)
  S2 27 (19.8)
  S3 31 (22.8)
  S4 6 (4.4)
Necroinflammation
  A0 23 (16.9)
  A1 78 (57.4)
  A2 24 (17.6)
  A3 11 (8.1)

Note.—Histologic findings were evaluated with METAVIR 

criteria. Numbers in parentheses are percentages.

The mean length of the histologic 
sample obtained at liver biopsy (6stan-
dard deviation) was 26 mm 6 8 (range, 
10–53 mm), and the mean number of 
portal tracts was 13 6 4.7 (range, 3–26). 
In 101 of the 136 patients (74%), the 
core biopsy sample was larger than 20 
mm. In 107 of the 136 patients (79%), at 
least 10 portal tracts were visible. Most 
patients (82 of 136 patients, 60.3%) had 
stage F1 fibrosis at histologic examina-
tion. Stage S1 steatosis was the most 
common, occurring in 37 of the 136 pa-
tients (27.2%). Seventy-eight of the 136 
patients (57.4%) had a necroinflamma-
tory score of A1 (Table 2).

Spearman Correlation
Mean SWE values at all sites except those 
from the left lobe showed a significant 
correlation (P , .05) with fibrosis stage 
(r values are summarized in Table 3).  
Mean SWE values at the right upper 
lobe showed the highest correlation (r 
= 0.41; 95% CI: 0.26, 0.54). Steatosis 

stage had a weak correlation with SWE 
values of the left lobe (r = 0.24; 95% 
CI: 0.08, 0.4; P = .004) but did not cor-
relate with SWE values at the right up-
per lobe (r = 0.45, P = .06), lower right 
lobe (r = 0.26, P = .09), and biopsy site 
(r = 0.04, P = .62). The total necroin-
flammatory score did not have a statis-
tically significant correlation with SWE 
values at any of the four sites (Table 3).

Upper Right Lobe SWE Values
Table 4 summarizes the SWE estimates 
of the Young modulus at the right up-
per lobe site for each fibrosis stage, and 
Figure 2 displays the data as a box-and-
whisker plot.

ROC Curves
The ROC curve (Fig 3) drawn to differ-
entiate fibrosis stage of at least F2 (n = 
35) from fibrosis stage of less than F2 (n 
= 101) by using SWE values at the right 
upper lobe provided an AUC of 0.77 
(95% CI: 0.68, 0.86), with an optimal 

Table 3

Correlation of SWE Values at Different Sites with Fibrosis, Steatosis, and Necroinflammation

Site

Fibrosis Steatosis Necroinflammation

P Value r Value 95% CI P Value r Value 95% CI P Value r Value 95% CI

Left lobe .061 0.16 20.01, 0.32 .004 0.24 0.08, 0.40 .61 0.04 20.21, 0.13
Upper right lobe ,.001 0.41 0.26, 0.54 .449 0.07 20.10, 0.23 .191 0.11 0.02, 0.35
Lower right lobe ,.001 0.35 0.19, 0.49 .256 0.10 20.71, 0.26 .418 0.07 20.10, 0.24
Biopsy site .009 0.23 0.06, 0.38 .624 0.04 0.13, 0.21 .581 0.05 0.36, 0.62

Note.—Data were obtained with the Spearman correlation.

Table 4

Summary of SWE Values from Right Upper Lobe according to Fibrosis Stage in All Patients and in the Subset with HCV

Parameter

All Patients Patients with HCV*

F0 (n = 19) F1 (n = 82) F2 (n = 18) F3 (n = 10) F4 (n = 7) F1 (n = 31) F2 (n = 5) F3 (n = 6) F4 (n = 2)

Median 6.66 7.29 8.42 9.64 9.80 6.87 9.02 9.53 11.78
Standard deviation 1.80 2.11 2.01 1.40 2.37 2.24 1.48 1.48 3.06
Minimum 4.70 3.36 3.95 7.83 7.62 4.25 7.3 7.93 9.61
Maximum 10.58 12.54 12.23 11.97 13.94 12.09 11.20 11.97 13.94
1st Quartile 5.11 5.72 7.57 8.20 8.94 5.60 7.65 8.20 9.61
3rd Quartile 8.04 8.50 10.16 10.72 13.62 9.33 10.17 10.88 …
Outlier … … … … … … 1 … …

Note.—All data are given in kilopascals.

* None of the patients with HCV had stage F0 fibrosis.
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Figure 3

Figure 3:  Graphs show AUCs (AUROC) for mean SWE values at upper right lobe to differentiate (a) fibrosis stage of at least F2 from fibrosis stage of less than F2, 
(b) fibrosis stage of at least F3 from fibrosis stage of less than F3, and (c) fibrosis stage of F4 from fibrosis stage of less than F4.

Figure 2

Figure 2:  Box-and-whisker plot shows mean SWE 
values at upper right lobe for various fibrosis stages. 
Central box represents values from 25th to 75th 
quartile, and line in middle of box is the median. 
Error bars show minimum and maximum values.

cutoff of 7.29 kPa (sensitivity = 91.4%, 
specificity = 52.5%). AUCs for differen-
tiating fibrosis stage of at least F3 (n = 
17) from fibrosis stage of less than F3 
(n = 119) and stage F4 fibrosis (n = 7) 
from fibrosis of less than F4 (n = 129) 
were 0.82 (95% CI: 0.75, 0.91) and 0.82 
(95% CI: 0.69, 0.95), respectively.

Table 5 summarizes observed AUC 
values, sensitivity, specificity, positive 

predictive value, negative predictive 
value, positive likelihood ratio, and 
negative likelihood ratio for optimal 
cutoff values for each of the ROC 
curves (Fig 4).

When liver transplant recipients (n 
= 4) were omitted from the analysis, 
the observed AUCs were 0.78 (95% CI: 
0.69, 0.86) for the diagnosis of fibro-
sis stage of at least F2 and 0.83 (95% 
CI: 0.76, 0.91) and 0.82 (95% CI: 0.70, 
0.95) for the diagnosis of fibrosis stage 
of F3 or greater or F4.

Patients with Chronic HCV
Forty-four patients (male-to-female ra-
tio, 32:12) had a history of HCV with-
out liver transplantation (mean age, 52 
years 6 9; range, 25–65 years). Table 4 
summarizes the SWE values from the 
upper right lobe for each fibrosis stage 
in all patients and in patients with HCV; 
Figure 4 displays that data in the form 
of a box-and-whisker plot.

An ROC curve (Fig 5) drawn to dif-
ferentiate fibrosis stage of at least F2 (n 
= 13) from fibrosis stage of less than F2 
(n = 31) with use of SWE values at the 
right upper lobe provided an AUC of 0.80 
(95% CI: 0.68, 0.92), with an optimal 
cutoff of 7.25 kPa (sensitivity = 100%, 
specificity = 58.1%). AUCs for differen-
tiating fibrosis stage of F3 or greater (n 
= 8) from fibrosis stage of less than F3 
(n = 36) and stage F4 fibrosis (n = 2) 

from fibrosis stage of less than F4 (n = 
32) were 0.82 (95% CI: 0.70, 0.95) and 
0.89 (95% CI: 0.73, 1.00), respectively.

Correction for ROC Curves
The difference between the mean fibro-
sis stage of advanced fibrosis and the 
mean fibrosis stage of nonadvanced fi-
brosis (DANA) for our patient cohort 
was 1.87; hence, the adjusted AUC 
for differentiating advanced fibrosis 
from nonadvanced fibrosis was 0.84. 
Adjusted AUC values obtained from a 
DANA correction of 1.87 are summa-
rized in Table 6, along with observed 
ROC values.

The calculated DANA for the subset 
of patients with HCV was 1.77. The ad-
justed AUC for differentiating advanced 
fibrosis from nonadvanced fibrosis was 
0.87 (95% CI: 0.74, 1.00).

Discussion

In this prospective cross-sectional study, 
we estimated the diagnostic accuracy of 
SWE for liver fibrosis estimation in pa-
tients with CLD and HCV when using 
liver biopsy as the standard of refer-
ence and evaluated the optimal region 
from which to obtain measurements.

In our study, upper right lobe SWE 
Young modulus estimates showed the 
highest correlation with fibrosis stage (r 
= 0.41). Although the mean lower right 
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fibrosis (F0–F1) from advanced fibro-
sis (F2–F4) was 0.77 (P , .001). This 
was adjusted to 0.84 after applying the 
DANA correction to minimize spectrum 
bias. The observed and adjusted AUCs 
for differentiating nonadvanced fibrosis 
(F0–F1) from advanced fibrosis (F2–F4) 
in patients with chronic HCV were 0.80 
and 0.87, respectively. Observed AUCs 
for differentiating severe fibrosis (F3) 
were the same in patients with CLD and 
those with HCV (AUC = 0.82), whereas 
the observed AUCs for the differentiation 
of cirrhosis (F4) were 0.82 in patients 
with CLD and 0.89 in those with HCV. 
Removal of the liver transplant recipients 
from the sample had little effect on the 
observed AUC, which was 0.78 for the 
diagnosis of fibrosis stage of at least F2 
and unchanged for the diagnosis of fibro-
sis stage of at least F3 or at least F4.

Previous research has studied SWE 
liver fibrosis staging in patients with 
CLD (32), patients with HCV (21), and 
patients with hepatitis B (33). Although 
Bavu et al (32) do not describe the cause 
of liver disease in their patient cohort or 
the method they used to grade fibrosis, 
the observed AUC for SWE in our study 
(AUC = 0.77) was lower than that in their 
study (AUC = 0.95). When comparing 
the subset of patients with HCV in our 
cohort, the observed AUC of 0.80 is also 
lower than the 0.92 AUC obtained by Fer-
raioli et al (21). Because Ferraioli et al do 
not describe the breakdown of patients 
with stage F0 and F1 fibrosis in their 
patient cohort and have not adjusted for 
spectrum bias, it is unclear as to what 
extent our results differ from theirs.

lobe and biopsy site SWE values also 
showed correlation, there was no corre-
lation between fibrosis stage and mean 
SWE values in the left lobe. Steatosis 
correlated with mean SWE values in the 
left lobe, but SWE values at other sites 
did not correlate with steatosis or total 
necroinflammatory score. Friedrich-
Rust et al (18) found no difference be-
tween the correlation of left and right 
lobe acoustic radiation force imaging 

measurements with fibrosis, but showed 
that right lobe values provided a higher 
AUC for diagnosing fibrosis stage of at 
least F2 and at least F3 (but a higher 
AUC for stage F4 fibrosis assessment 
with values obtained from the left lobe). 
It is unclear why our results differ in this 
regard from those reported by Friedrich-
Rust et al (18). Nonetheless, our results 
appear consistent in that the right upper 
lobe was consistently the superior site.

In our study, steatosis was correlated 
with SWE measurements at the left liver 
lobe only. The reason for this is unclear. 
The literature is inconsistent regarding 
the effects of steatosis and necroinflam-
mation on fibrosis assessment. Some 
studies with transient elastography (19–
21), SWE (21), and MR elastography 
(22,23) have concluded that the corre-
lation between liver stiffness values and 
fibrosis stage is not affected by steato-
sis or necroinflammation. Other stud-
ies have suggested that inflammation, 
as suggested by elevated transaminase 
levels (24,25) or diagnosed at liver bi-
opsy (26–28), affects transient elastog-
raphy assessment of fibrosis. Similarly, 
steatosis has been reported to have no 
effect on acoustic radiation force im-
aging–based fibrosis assessment (29), 
whereas in several transient elastogra-
phy studies, steatosis has been reported 
to have an effect on noninvasive fibro-
sis staging (28,30,31). It is possible our 
finding of correlation between liver ste-
atosis and SWE liver stiffness estimates 
in the left lobe represents a type I error.

In the entire subject population, the 
AUC for differentiating nonadvanced 

Table 5

Diagnostic Performance of SWE

Parameter F2 F3 F4

Observed AUC 0.77 (0.68, 0.86) 0.82 (0.75, 0.91) 0.82 (0.70, 0.95)
Optimal cutoff value (kPa) 7.29 8.90 9.59
Sensitivity (%) 91.4 (75.6, 97.8) [32/35] 76.5 (49.8, 92.2) [13/17] 71.4 (30.3, 94.9) [5/7]
Specificity (%) 52.5 (42.3, 62.4) [53/101] 76.5 (67.6, 83.6) [91/119] 82.2 (74.2, 88.1) [106/129]
PPV (%) 40.0 (29.4, 51.6) [32/80] 31.7 (18.6, 48.2) [13/41] 17.9 (6.8, 37.6) [5/28]
NPV (%) 94.6 (84.2, 98.6) [53/56] 95.8 (88.9, 98.6) [91/95] 98.1 (92.8, 99.7) [106/108]
Positive LR 1.92 (1.53, 2.41) 3.25 (2.14, 4.93) 4.01 (2.20, 7.28)
Negative LR 0.16 (0.05, 0.49) 0.31 (0.13, 0.73) 0.35 (0.11, 1.13)

Note.—Numbers in parentheses are 95% CIs. Numbers in brackets are raw data. LR = likelihood ratio, NPV = negative predictive value, PPV = positive predictive value.

Figure 4

Figure 4:  Box-and-whisker plot shows mean SWE 
values at upper right lobe for various fibrosis stages 
in patients with HCV. Central box represents values 
from 25th to 75th quartile, and line in middle of 
box is the median. Error bars show minimum and 
maximum values. C = outlier. 
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Figure 5

Figure 5:  Graphs show AUCs (AUROC) for mean SWE values at upper right lobe to differentiate (a) fibrosis stage of F2 or greater from fibrosis stage of less than 
F2, (b) fibrosis stage of F3 or greater from fibrosis stage of less than F3, and (c) fibrosis stage of F4 from fibrosis stage of less than F4 in patients with HCV.

The differentiation of nonadvanced 
(F0 and F1) and advanced (F2–F4) fi-
brosis is particularly relevant in HCV, 
where advanced fibrosis at the time of 
diagnosis has been shown to correlate 
with long-term cirrhosis risk (34–37). 
In our study, the observed AUC and 
adjusted AUC for the diagnosis of ad-
vanced fibrosis are high, which sug-
gests that SWE may be useful to an-
swer this clinically relevant question. 
However, it is also important to note 
that SWE estimates of liver elasticity 
at given fibrosis stages show substan-
tial degrees of overlap. As a result, we 
do not recommend that these pres-
ently be used to assign a specific fibro-
sis stage to each patient.

Our study has limitations. First, our 
patients had a range of liver diseases. 
Although all follow the common path-
way of progressive fibrosis culminating 

in cirrhosis, it is known that fibrosis 
patterns differ among diseases. This 
variation may produce heterogeneous 
liver elasticity measurements. Second, 
a relatively small number of our pa-
tients had advanced fibrosis. Although 
we have used the DANA correction to 
minimize spectrum bias, it would have 
been preferable to have more subjects 
with advanced fibrosis. Finally, we 
used the METAVIR staging system for 
liver fibrosis. This staging system was 
originally designed for viral hepatitis, 
whereas causes of liver disease in our 
sample population extended beyond 
viral hepatitis. Nonetheless, the clear 
correlation between liver elasticity es-
timates and fibrosis stage demonstrates 
that this approach is likely valid.

We conclude that estimates of the 
Young modulus obtained with SWE in 
the upper right lobe of the liver can be 

used to differentiate advanced fibrosis 
(F2) from nonadvanced fibrosis.

Our study does not show any ef-
fect of steatosis or inflammation on the 
fibrosis estimation with use of SWE; 
however, given that the published lit-
erature is contradictory, larger studies 
are needed to define the effect of these 
and other confounders and to establish 
SWE thresholds for various fibrosis 
stages in distinct diffuse liver diseases.
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