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Abstract
BACKGROUND
Shear wave speed has been widely applied to quantify a degree of liver fibrosis.
However, there is no standardized procedure, which makes it difficult to utilize
the speed universally.

AIM
To provide procedural standardization of shear wave speed measurement.

METHODS
Point shear wave elastography (pSWE) was measured in 781 patients, and two-
dimensional shear wave elastography (2dSWE) was measured on the same day in
18 cases. Regions-of-interest were placed at 12 sites, and the median and robust
coefficient-of-variation (CVR) were calculated. A residual sum-of-square (Σdi2)
was computed for bootstrap values of 1000 iterations in 18 cases with each
assumption of 1 to 12 measurements. The proportion of the Σdi2 (%Σdi2) was
calculated as the ratio of Σdi2 to pSWE after converting it based on the correlation
between pSWE and 2dSWE.

RESULTS
The CVR showed a significantly broader distribution in the left lobe (P < 0.0001),
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and the smallest CVR in the right anterior segment that covered 95% cases was
40.4%. pSWE was significantly higher in the left lobe than in the right lobe (1.63 ±
0.78 m/s vs 1.61 ± 0.78 m/s, P = 0.0004), and the difference between the lobes
became further discrete when the subjects were limited to the cases with a CVR
less than 40.4% in any segment (1.76 ± 0.80 m/s vs 1.70 ± 0.82 m/s, P < 0.0001).
The highest values of the CVR in every 0.1 m/s interval were plotted in convex
upward along pSWE and peaked at 1.93 m/s. pSWE and 2dSWE were
significantly correlated (P < 0.0001, r = 0.95). In 216000 resamples from 18 cases,
the %Σdi2 of 12 sites was 8.0% and gradually increased as the acquisition sites
decreased to reach a significant difference with a %Σdi2 of 7 sites (P = 0.027).

CONCLUSION
These data suggest that shear wave speed should be measured at 8 or more sites
of spreading in both lobes.

Key words: Liver stiffness; Ultrasound; Shear wave elastography; Acoustic radiation force
impulse; Heterogeneity

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Liver stiffness measurements play a key role in the management of chronic
liver diseases; however, a standard procedure of liver stiffness measurements has not
been established yet. This study provides the information for standardization of a
measuring site and number of liver stiffness measurements from the statistical point of
view.
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INTRODUCTION
Liver stiffness is reported to be a useful surrogate marker for the degree of fibrous
accumulation in the liver[1-4], which is a good prognostic indicator for chronic liver
diseases.  For  nonalcoholic  fatty liver  diseases  (NAFLD),  liver  stiffness  is  almost
exceptional noninvasive marker to diagnose and infer the pathophysiological state, as
in the case of various markers for viral hepatitis such as HCV-RNA and anti-HBe. An
ultrasound-based methodology is especially helpful when assessing NAFLD in a large
target  population.  Unfortunately,  however,  ultrasound  study  has  an  inherent
subjective nature, and liver stiffness measurement is not exceptional, either. While
acoustic radiation force impulse technology makes it  possible to induce constant
tissue displacement, still there are many factors that cause substantial variabilities in
shear wave speed (SWS) measurements[5-8], such as probing skill, placement of the
region  of  interest  (ROI),  holding  a  breath  or  exhaling,  and  the  number  of
measurements[9-13].

Currently, SWS measurement is recommended in the right lobe and is calculated as
a mean or median value representative of a fibrous stage of the entire liver[14-16]. It was
reported that 3 measurements are sufficient to calculate reliable values by placing 15
mm or larger acquisition circles in an ROI using supersonic shear imaging[17]. On the
other hand, it is not recommended to convert SWS values measured using machines
implementing different technologies from different companies and/or with different
versions. To date, the reliability and accuracy of SWS were evaluated by referencing
histological findings of liver biopsy specimens, which were obtained from the right
lobe, or by referencing the liver stiffness, which was solely measured in the right lobe
using transient elastography. Because it is well known that pathological progression
occurs heterogeneously in the liver, it is reasonable to assume that SWS reveals a
higher correlation coefficient in the right lobe than in the left lobe if the referencing
value is obtained from the right lobe. In addition, a larger acquisition circle must be
effective  to  compensate  for  the  variability  of  SWS and to  reduce  the  number  of
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measurements required to calculate a statistically reasonable mean or median value.
On the other hand, a larger acquisition circle diminishes the possibility of evaluating
the heterogeneity through pathological progression. Because repetitive histological
evaluations at multiple sites are practically unacceptable, SWS measurements are a
unique technology that enables hepatologists for the first time ever to repeatedly
evaluate pathological alterations at multiple sites over the liver. However, the use of a
large acquisition circle restricts our ability to evaluate pathological heterogeneity, and
the  inability  to  interconvert  SWS  measurements  from  variable  instruments
implementing different technologies substantially limits the inferences we can draw
regarding liver pathophysiologies. Both of these issues are important drawbacks for
the use of liver stiffness measurements in the study of liver diseases.

Fundamentally, if the same physical property is evaluated and each technology
reveals  reliable  results,  data  conversion  is  reasonably  possible  among different
technologies. In terms of SWS measurement utilizing acoustic radiation force impulse,
it  was  reported  that  no  statistically  significant  differences  were  found  in  SWS
estimates among operators using the same or equivalent systems under the same
conditions[18,19]. Therefore, it should be practically acceptable to convert SWS estimates
between different technologies as long as a measurement condition is established to
ensure reliable measurements with each technology. In this study, SWS was evaluated
mainly regarding the point of dispersion over the liver by adopting small acquisition
circles to clarify the significance of measurements not only in the right lobe but also in
the  left  lobe  and  to  define  the  number  of  measurements  required  for  reliable
measurements. The importance of legislative definitions for the area and number of
acquisition sites in the liver is discussed.

MATERIALS AND METHODS

Patients
The review board of Niigata University Medical and Dental Hospital approved the
present study, which did not require informed consent because it was a retrospective
study using medical records or noninvasive imaging examinations. Virtual touch
quantification (VTQ) of pSWE was measured in 781 cases, which were referred to our
ultrasound department for liver imaging study from April 2010 to March 2015 and
consisted of various liver diseases as summarized in Table 1. Among these cases,
2dSWE was also measured in 18 cases on the same day.

HBsAg  and  anti-HCV  antibodies  were  detected  by  a  chemiluminescence
immunoassay using ARCHITECT HBsAg QT and ARCHITECT HCV (Abbott Japan
Co. Ltd., Chiba, Japan), respectively. Routine blood biochemistry was measured in the
clinical laboratories of our hospital, where a quality control of each test is regularly
performed every day. NAFLD was diagnosed based on the criteria proposed by the
Asia-Pacific Working Party on NAFLD[20]. In brief, each of the following requirements
was  met:  (1)  abnormal  values  of  aspartate  aminotransferase  and/or  alanine
aminotransferase; (2) negative results for HBsAg, anti-HCV, anti-nuclear antibody,
and anti-mitochondrial antibody; (3) no suspicious drug usage, alcohol abuse over 20
g/d,  hereditary  diseases  or  any  other  clinical  manifestations  causing  liver  cell
damage; and (4) fatty liver as observed by abdominal US, which was defined by an
increased echogenicity of the liver along with the presence of any two of the following
three findings: liver-kidney contrast, vascular blurring, and deep-attenuation of echo-
beam[21].

Shear wave speed measurements
SWS evoked by acoustic radiation force impulse was measured as VTQ using an
ACUSON S2000 ultrasound system (Siemens Healthcare, Eriangen, Germany) or as
2dSWE using an Aplio 500 (Canon Medical System Corporation, Tokyo, Japan). SWS
was measured three times in each segment (posterior, anterior, medial, and lateral)
while the patient, who fasted the previous night, was in the supine position with a
transient breath hold at a neutral cycle followed by a 10-min or longer rest, and the
median  value,  which  is  less  affected  by  outliers,  was  calculated  from  twelve
measurements per case as the representative value for the entire liver. The ROI was
placed between 1 to 5 cm beneath the liver capsule. In the 2dSWE measurement, the
ROI was set as a square approximately 30 mm x 30 mm in size, and 3 measurements
were achieved in each ROI by placing an acquisition circle 2 mm in diameter after
confirming a proper propagation of shear wave in the “wavefront” style display.
Next, a robust counterpart to the standard deviation was calculated. First, the median
absolute deviation was calculated as the median of the difference in the absolute
values between each VTQ value and the median of 12 measurements; thereafter, a
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Table 1  Basic characteristics

Median Minimum Maximum Number of cases

Age (yr) 61.1 0.7 91.8 Female 393

BMI (kg/m2) 23.2 11.4 47.8 Male 388

AllVTQ (m/s) 1.36 0.77 4.31 HBV 72

RtVTQ (m/s) 1.26 0.70 4.65 HCV 179

LtVTQ (m/s) 1.28 0.73 4.44 ALD 49

AllCVR (%) 24.4 4.2 270.5 NAFLD 230

RtCVR (%) 16.7 1.5 137.0 CLD 61

LtCVR (%) 34.0 2.7 496.1 NCLD 190

BMI: Body mass index; VTQ: Virtual touch quantification; CVR: Robust coefficient-of-variation; All: Value for
all  measurements  over  the  liver;  Rt:  Value  for  the  measurements  in  the  right  lobe;  Lt:  Value  for  the
measurements in the left lobe; HBV: Hepatitis B virus; HCV: Hepatitis C virus; ALD: Alcoholic liver disease;
NAFLD: Nonalcoholic fatty liver disease; CLD: Chronic liver diseases due to none of HBV, HCV, ALD, or
NAFLD; NCLD: No chronic liver disorder.

constant  factor  of  1.4826  was  multiplied to  adjust  the  resulting robust  standard
deviation to the equivalent of a normal population distribution. Finally, the CVR was
calculated  by  dividing  the  robust  standard  deviation  with  the  median  and  is
expressed as a percentage.

To define the cut-off values of VTQ based on the referenced histological fibrous
stages, the VTQ was evaluated in 98 other cases, of which 89 cases were suffering
from various chronic liver diseases that require histological evaluation of the liver.
Two  expert  pathologists  independently  evaluated  liver  biopsy  specimens  and
assessed fibrous staging and inflammatory grading. The remaining 9 controls fulfilled
all requirements for NASH diagnosis except for abnormal values of transaminases
and histological abnormalities, which were not evaluated. Cases with chronic liver
diseases consisted of 15, 23, 28, and 23 cases of the F1, F2, F3, and F4 fibrous stages,
respectively. The area under the receiver operating characteristic curve to distinguish
F0 - F1 from F2 or higher or F4 from the others was 84.4% (P < 0.0001) and 79.3% (P <
0.0001),  respectively,  and  the  defined  cut-off  values  were  1.37  and  2.10  m/sec,
respectively; these corresponded to a sensitivity and specificity of 78.4% and 82.8%
and 73.9% and 75.0%, respectively, as shown in Supplementary Figure 1.

Statistical analysis
To  compare  the  cumulative  distributions  of  CVR  between  the  liver  lobes,  the
Kolmogorov-Smirnov test was performed. Wilcoxon matched-pairs signed rank test
was employed to compare the VTQ values between the liver lobes. A peak of CVR in
the  distribution  along  the  VTQ  values  was  calculated  by  adopting  a  nonlinear
regression model of a second order polynomial. A Spearman correlation coefficient
was calculated to evaluate the degree of association between VTQ and 2dSWE. To
prepare datasets of 2dSWE with the assumption of different numbers of measured
sites from 1 to 12, a 1000 iteration of bootstrap resampling[22] was performed in each
case  using the  2dSWE values  from 12 measurements.  Σdi2  was  calculated as  the
summation of the squares of the difference between the actual 2dSWE value and the
calculated value from VTQ based on the linear regression model of least-squares
between  VTQ  and  2dSWE.  Σdi2  was  converted  to  %Σdi2,  which  represents  the
percentage against the calculated value from VTQ. %Σdi2 was compared among the
different  numbers  of  acquisition  sites  in  the  liver  using  ANOVA with  post  hoc
multiple comparisons. All analyses were conducted using GraphPad Prism 7 software
(GraphPad Software Inc., La Jolla, United States), except for bootstrapping, which was
performed with Microsoft Excel 2016 (Microsoft, Seattle, United States). A two-sided
p-value less than 0.05 was considered statistically significant.

RESULTS

Liver stiffness is heterogeneous over the liver and largely deviated in the left lobe
A frequency distribution of the CVR was discrete between the right and left lobes
(Figures 1A upper and lower panels) and showed a significantly larger dispersion in
the left lobe (Figure 1B upper panel, P < 0.0001). In the right anterior and posterior
segments,  95%  of  cases  were  distributed  within  40.4%  and  42.1%  of  the  CVR,
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Figure 1

Figure 1  Distribution of robust coefficient-of-variation among the cases. A: As shown in the upper panel, the
lowest coefficient-of-variation (CVR) that covers 95% of cases was 42.1% (black dotted line) and 40.4% (gray dotted
line) in right posterior (black line) and anterior segments (gray line), respectively, while the lower panel shows that
60.4% (black dotted line) and 52.8% (gray dotted line) of the CVR are required in the left medial (black line) and
lateral (gray dotted line) segments, respectively. B: The cumulative distribution of the CVR was significantly different
between the right (continuous line) and left (dotted line) lobes (upper panel, aP < 0.0001), and there is still a
significant difference when the subjects are restricted to cases in which the CVR was 40.4% or less in any segment
or lobe (lower panel, bP < 0.0001).

respectively (Figure 1a upper panel), while the values that discriminated 95% of cases
in the left medial and lateral segments were 60.4% and 52.8% of the CVR, respectively
(Figure 1a lower panel). Because we hypothesized that the cases showing larger CVR
had a significantly larger dispersion of VTQ in the left lobe, the CVR was compared
between the lobes only for 439 cases in which the CVR in any lobe or segment was
40.4% or less. However, the cumulative frequency distribution curve revealed that the
CVR was still significantly dispersed in the left lobe compared to all cases (Figure 1B,
lower panel, P < 0.0001).

VTQ values are higher in the left lobe, even in the cases with CVR of 40.4% or less
The VTQ values of 781 cases were 1.26 (interquartile range, 1.07–1.97) m/sec and 1.28
(1.08–2.02) m/s in the right and left lobes, respectively, and were significantly higher
in the left lobe (Figure 2A, P = 0.0004). Because it was anticipated that the cases with a
higher  CVR  exhibited  a  higher  VTQ  value  in  the  left  lobe,  the  VTQ  value  was
compared only in 439 cases with a CVR of  40.4% or less.  The comparison in the
restricted cases,  however,  resulted in a greater significant difference in the VTQ
values between the right and left lobes. The VTQ value of 1.39 (1.18–2.19) m/sec in the
left lobe was significantly higher than that in the right lobe (1.31 (1.11–2.12) m/s) as
shown in Figure 2B (P < 0.0001).

The distribution of higher values of the CVR along VTQ values peaked at liver
stiffness, suggesting F2-F3 fibrous stages
If  artifacts  such  as  cardiac  pulsation  are  a  main  cause  of  the  higher  CVR when
measuring VTQ, it is reasonable to assume that the higher CVR would be evenly
distributed along the VTQ values. However, inconsistent with this assumption, the
highest CVR at every 0.1 ± 0.02 m/s interval of the VTQ values from 0.81 to 4.03 m/s
scattered in convex upward pattern along the VTQ values with a peak at 1.93 m/s, as
observed  in  Figure  2C.  As  shown  in  Supplementary  Figure  1,  a  concomitant
evaluation of VTQ and histological fibrous stages revealed that 1.93 m/s of VTQ
suggests F2-F3 fibrous stages.

A median VTQ from 7 or fewer measurements in the liver caused a significantly
larger deviation from the VTQ estimate deduced from the correlation between VTQ
and 2dSWE on 12 measurements
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Figure 2

Figure 2  Virtual touch quantification difference between the lobes and alterations of the robust coefficient-of-
variation through the progression of liver fibrosis. A: The virtual touch quantification (VTQ) is significantly higher
in the left lobe (1.63 ± 0.78 m/s) than in the right lobe (1.61 ± 0.78 m/s; aP = 0.0004). b. In the limited cases with a
coefficient-of-variation (CVR) of 40.4% or less, the VTQ is still significantly higher in the left lobe (1.76 ± 0.80 m/s)
than the right lobe (1.70 ± 0.82 m/s; bP < 0.0001). C: For every 0.1 ± 0.02 m/s interval of the VTQ values, 34 CVR
values were selected as the highest value in each interval from 0.81 to 4.03 m/sec (gray closed circles) and plotted
against the VTQ with the remaining 747 CVR values (open circles). The highest CVR values are scattered in convex
upward pattern along the VTQ values with a peak at 1.93 m/s (dotted vertical line).

Because the VTQ values are heterogeneous over the liver, as shown in Figure 2c, a
representative VTQ value for the entire liver would vary depending on the number of
measurements in the liver. To define the smallest number of measurements required
that minimize Σdi2 from an ideal liver stiffness, SWS was measured by two different
modalities of VTQ and 2dSWE on the same day in 18 cases. Because the speeds were
highly correlated between the two types of measurements over a sufficient range in
the clinic (Figure 3A, P < 0.0001, Spearman r = 0.953), the estimated value calculated
from an actual measurement of the VTQ by means of the least-square method was
presumed as an ideal value representing liver stiffness for the entire liver.

To  enhance  statistical  confidence,  a  dataset  of  VTQ measured at  12  sites  was
produced by a 1000 iteration of bootstrapping in each case. Similar datasets were
prepared for the assumption of measuring at 11 sites, 10 sites, and so on to 1 site in
each case. In total, 216,000 VTQ values (1000 datasets x 1 to 12 measurements in the
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Figure 3

Figure 3  Deviation from an ideal shear wave speed. A: Virtual touch quantification (VTQ) and 2-dimensional shear wave elastography (2dSWE) were measured on
the same day in 18 cases and were significantly correlated with each other (P < 0.0001, r = 0.95). The bold and dotted lines indicate the best hit and 95% confidence
bands based on the linear regression model of least-squares. b. A residual sum of squares (%Σdi2) was calculated using 1000 bootstrap resamples with the
assumption of measuring the VTQ at 12 sites or fewer in each case and expressed as a percentage against a calculated value from the VTQ based on the linear
regression model of least-squares between VTQ and 2dSWE. %Σdi2 increased as the number of acquisition sites were decreased, and the difference of %Σdi2 from
that in 12 measurements reached significance as the number of acquisition sites decreased to 7 (bP = 0.027). Circles and horizontal bars indicate medians and
interquartile ranges of %Σdi2, respectively. The dotted horizontal line indicates a %Σdi2 of 8.0% in 12 measurements.

liver x 18 cases) were generated and processed to calculate %Σdi2. As shown in Figure
3b, the %Σdi2 for 12 measurements was 8.0% (2.8%–31.0%), and this value gradually
increased as the number of sites measured decreased to reach a significant difference
with %Σdi2 of measuring at 7 sites [11.0% (5.0%–36.8%), P = 0.027].

DISCUSSION
NAFLD is a pandemic throughout the world and among people at a productive age,
which causes substantial social loss[23,24]. It is socially urgent to establish a system to
manage  NAFLD  well  not  only  as  a  liver  disorder  but  also  as  a  major  target  of
metabolic syndrome. In this regard, a major drawback is necessity of liver histology
for diagnosis of NAFLD[20]. To address the enormous number of NAFLD cases, which
is estimated to compose more than 30% of the general population, a surrogate to
measure liver fibrosis is required from a practical point of view. So far, liver stiffness
is one of most promising alternatives for fibrous liver stage due to its noninvasiveness
and liver specificity. Liver stiffness measurements are roughly classified into 3 groups
with respect to the force evoking shear wave in the tissues and the method used to
measure the speed of propagating wave. An ultrasound-based technology employing
acoustic radiation force impulse[25-28] for tissue displacement is advantageous against
other  2  groups,  transient  elastography [ 1 , 2 7 , 2 9 - 3 1 ]  and  magnetic  resonance
elastography[3,28,32-34],  due to its versatility for the measurable area and popularity,
especially in a primary care setting. The ultrasound-based technology is, however, a
subjective examination, which requires a protocol to make the measurement clinically
reliable.

In many cases, an average SWS was calculated from several measurements in the
right lobe as a representative value for the entire liver[26]. It may be assumed that the
right lobe measurement is a holdover from transient elastography, the first technology
that gained popularity as a means to measure liver stiffness in the clinic and that can
be applied solely to the right lobe. Alternatively, the measurements in the left lobe
tend to be deemed inappropriate because of artifacts such as heart beat[35]. Consistent
with this assumption, SWS was significantly dispersed in the left lobe, even when the
subject  cohort  was limited to  cases  with a  relatively smaller  CVR (Figure 1).  As
reported in the literature, SWS was significantly higher in the left lobe (Figure 2A).
This significant difference in the SWS between lobes was true in the limited cases with
a relatively smaller CVR, suggesting that a higher SWS in the left lobe is not simply
due to higher dispersion in the left lobe (Figure 2b). On the other hand, higher CVR
values were unevenly spread along the VTQ and peaked at 1.93 m/s (Figure 2C). It is
assumed that a higher CVR would be similar irrespective of the SWS if the higher
dispersion of SWS in the left lobe is simply the result of artifacts. The distribution of
the higher CVR values in a convex upward trend along the SWS strongly suggests
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that liver stiffness is relatively homogenous at the early stage of chronic liver diseases
and gradually appears to become heterogeneous as the disease progresses toward F2
to F3 stages, after which the dispersion again gets smaller during the progression
toward cirrhosis. It is reasonable to assume that histological complexity is highest in
the middle of the clinical course from the beginning of chronic liver diseases to the
completion of cirrhotic change. The above data suggest that a higher SWS and its CVR
may not be rational reasons to argue the inappropriateness of SWS measurements in
the left lobe. Given the noninvasive nature of SWS measurements, they should be
taken in both lobes to clarify the pathophysiological differences among the segments,
as suggested by a diverse progression/alleviation process based on the streamline
theory[36].

To define the appropriate number of SWS measurements in the liver, we used a
strategy to calculate the distance between the values of an actual measurement and
the  ideal  SWS  in  each  case.  We  hypothesized  that  if  different  methods  of  SWS
measurements  detected  highly  correlated  values,  the  value  deduced  from  the
correlation would be  an ideal  SWS.  Because  two different  methods of  VTQ and
2dSWE  measurements  produced  highly  correlated  median  values  when  the
measurement  was  performed  at  12  sites  throughout  the  liver,  the  use  of  12
measurements is likely to be sufficient to define a representative value for the entire
liver by tolerating fibrosis heterogeneity and suppressing deviation due to technical
and instrumental limitations. On the other hand, as the acquisition sites decreased, the
%Σdi2 of the 2dSWE value gradually increased from that in 12 measurements. Because
a statistically significant difference of the %Σdi2 from that in 12 measurements first
appeared when it was assumed that SWS was measured at 7 sites, it is suggested that
SWS should be measured 8 or more sites in the liver.

Although it is challenging to regularly verify a unified specification of SWS mea-
surements from both industrial and practical perspectives, establishing a standard
SWS measuring condition and enforcing a regulation that would standardize SWS
values, which ensure the conversion and enable the implication of liver pathogenesis,
is paramount. This study strongly suggests that the SWS values measured in both
lobes  at  8  or  more  acquisition  sites  would  provide  values  applicable  for  the
conversion between different technologies. However, the results of this study are
based  on  a  small  number  of  cases,  in  which  SWS  was  measured  by  2  different
methods of VTQ and 2dSWE. The limited number of cases may have contributed to
an inadequate assessment of the biological variability. To mitigate the effects of a
small sample size on statistical judgement and to create hypothetical sample sets
consisting of 1 to 12 measurements in the liver, bootstrap resampling was conducted
to prepare 216000 samples in total. Because our results for an adequate number of
measurements  were  deduced  from  hypothetical  sample  sets,  they  should  be
reconfirmed with data from a larger cohort, in which actual parallel measurements
were preformed using multiple methods of SWS measurement.

In this report, we rationalized measuring SWS not only in the right lobe but also in
the left lobe. In addition, we defined the smallest number of SWS measurements in
the liver required to minimize the deviation of the SWS from an ideal value. The basic
data presented in this report provide important information to develop a clinically
reliable protocol for SWS measurement in the liver.

ARTICLE HIGHLIGHTS
Research background
Although it  is  inevitable  to  measure shear  wave elastography in the same manner  among
different institutions to utilize the elastography as a standard clinical property, so far there is no
unified protocol for this technology.

Research motivation
A degree of liver fibrosis is the most reliable indicator for survival in chronic liver diseases. A
standardization of the process to define shear wave elastography should make it valuable not
only in a daily clinic but also in various clinical studies by surrogating liver fibrosis.

Research objectives
In  this  article,  it  is  addressed  to  clarify  from  where  and  how  many  times  shear  wave
elastography should be measured in the liver to calculate an elastography being representative
for the entire liver.

Research methods
Shear wave elastography was evaluated using two different technologies by placing a region-of-
interest with a relatively small size at twelve points scattering throughout the liver to calculate
not only a representative value for the entire liver but also a variability of the value throughout
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the liver. A residual sum-of-square was calculated as a distance from the correlation between the
values obtained from two technologies.  The limited number of  cases was compensated by
applying bootstrap values of 1000 iterations in each case.

Research results
Both median and distribution of shear wave elastography were significantly different between
the right and left lobes. Even after excluding the cases showing the deviation larger than a
certain level, the difference of median values was further discrete between lobes. The dispersion
of the elastography in the liver was getting larger as the median value was increased toward 1.93
m/sec,  then after  that  the dispersion was getting smaller  as the median value was further
increased. A residual sum-of-square was increased as the number of measurements in the liver
was decreased from twelve points. A sum-of-square was appeared to be significantly larger than
that of measurements at twelve sites, when the number of measurement points was decreased to
seven.

Research conclusions
The difference of shear wave elastography between lobes is not likely due to the difference of
dispersion  between  lobes.  The  liver  fibrosis  seems  to  take  place  heterogeneously.  The
heterogeneity should be largest in the middle of the clinical course of chronic liver diseases
toward cirrhosis.  The variability  of  median shear wave elastography was increased as  the
measuring points were decreased.

Shear wave elastography should be measured in both lobes. Heterogeneity of shear wave
elastography in the liver would reflect the severity of liver fibrosis. Shear wave elastography
should be measured at more than 7 sites in the liver.

Shear  wave  elastography  should  be  measured  at  more  than  seven  sites  in  both  lobes.
Dispersion of shear wave elastography would provide another insight for the pathogenesis of
chronic liver diseases. A recommendation of the number and sites for shear wave elastography
measurements in the liver; more than seven points in the both lobes. Dispersion of shear wave
elastography in the liver was increased as the lobular reorganization takes place and in turn
decreased toward cirrhosis. The evaluation of shear wave elastography, a region-of-interest
should be placed eight or more throughout the liver including both lobes. The heterogeneity of
fiber accumulation in the liver peaks in the middle of the course of chronic liver diseases from
normal to cirrhotic liver. To include the heterogeneity in the evaluation of liver fibrosis using
shear wave elastography, the measurements should be performed at more than seven sites in
both lobes.The standardization of the procedure in shear wave elastography measurements
enables a large-scale multicenter study to achieve multiple evaluations of liver fibrosis in time
and space, which leads to clarification of a novel pathogenesis, an efficacy of new drugs, and so
on in chronic liver diseases.

Research perspectives
In addition to the procedural standardization in shear wave elastography measurements, an
industrial standardization of this technology is required for the direct comparison among data
that were obtained using machines from different companies and/or implementing a different
version of this technology. In parallel with the establishment of a standard procedure in shear
wave  elastography  measurements,  a  phantom  to  calibrate  an  accuracy  of  shear  wave
elastography should be explored. Because the significance of shear wave elastography should be
determined from the point of clinical outcome, it should be conducted to measure shear wave
elastography according to a standard procedure and follow to see the impact of the value on
progression/alleviation of the diseases.
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