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Abstract

Purpose To reveal the ability of S-Map strain elastography to diagnose fibrosis in nonalcoholic fatty liver disease (NAFLD)
and to compare its diagnostic ability with that of shear wave elastography (SWE).

Methods Participants were patients with NAFLD who were scheduled to undergo liver biopsy at our institution between
2015 and 2019. A GE Healthcare LOGIQ E9 ultrasound system was used. For S-Map, the right lobe of the liver was visual-
ized in the section where the heartbeat was detected by right intercostal scanning, a 4 X 2-cm region of interest (ROI) was
defined at 5 cm from the liver surface, and ROI strain images were acquired. Measurements were repeated six times, with
the average taken as the S-Map value. Correlations of S-Map and SWE values with fibrosis stage determined by liver biopsy
were analyzed using multiple comparisons. The diagnostic performance of S-Map for fibrosis staging was assessed using
receiver operating characteristic curves.

Results In total, 107 patients (65 men, 42 women; mean age 51 + 14 years) were analyzed. The S-Map value by fibrosis
stage was 34.4+10.9 for FO, 32.9+9.1 for F1, 29.5 £ 5.6 for F2, 26.7 + 6.0 for F3, and 22.8 +4.19 for F4. By fibrosis stage,
the SWE value was 1.27 +0.25 for FO, 1.39+0.20 for F1, 1.59+0.20 for F2, 1.64 +0.17 for F3, and 1.88 +0.19 for F4. The
diagnostic performance of S-Map (measured by area under the curve) was 0.75 for F2, 0.80 for F3, and 0.85 for F4. The

diagnostic performance of SWE (measured by area under the curve) was 0.88 for F2, 0.87 for F3, and 0.92 for F4.
Conclusion S-Map strain elastography was inferior to SWE in terms of ability to diagnose fibrosis in NAFLD.

Keywords Strain elastography - Nonalcoholic fatty liver disease - Ultrasound - Shear wave elastography - Liver stiffness

Introduction

When treating chronic liver disease, it is important to cor-
rectly stage liver fibrosis because the risk of cirrhosis and
hepatocellular carcinoma increases as fibrosis progresses
[1]. Currently, histopathological evaluation by liver biopsy
is considered the gold standard for fibrosis staging [2]. How-
ever, liver biopsy cannot be performed repeatedly because
itis an invasive procedure that carries risks of bleeding and
pain [3]. Various methods for noninvasive staging of fibro-
sis have been developed and employed. Examples include
imaging diagnosis using abdominal ultrasound [4, 5] and
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abdominal MRI [6-8]; serum markers of fibrosis, such as
hyaluronic acid, type IV collagen 7S, and Mac-2 binding
protein glycosylation isomer [9-11]; and formulas for esti-
mating liver fibrosis, such as the aspartate aminotransferase
(AST) to platelet ratio index (APRI) and fibrosis-4 (FIB-4)
index [12, 13].

One method for noninvasive staging of fibrosis is elas-
tography using abdominal ultrasound [14]. There are two
approaches to elastography: strain elastography and shear
wave elastography (SWE) [15]. The principle of conven-
tional strain elastography techniques (e.g., real-time tis-
sue elastography [RTE]) is to display in color the relative
degree of deformation (strain) within a region of inter-
est, achieving qualitative evaluation. On the other hand,
S-Map, a strain elastography technique developed by GE
Healthcare, enables quantitative evaluation [15]. The
principle of S-Map is to directly evaluate and visualize
the amounts of strain. The strain measurement closer to
the pre-determined maximum strain value is coded in a
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warmer color, while a lower strain measurement is coded
in a cooler color. There is always a one-to-one relationship
between the absolute strain values and the color displayed
when the pre-determined scale and external force are
unchanged. The quantitative nature of S-Map is a marked
difference between it and conventional strain elastography
techniques.

Recent studies have described noninvasive methods of
fibrosis staging using strain elastography and SWE, but
there is still little evidence for their use in nonalcoholic
fatty liver disease (NAFLD), including in predicting its
prognosis. Furthermore, no studies have yet investigated
fibrosis staging in NAFLD using S-Map ultrasound elas-
tography. Therefore, in this study, we aimed to reveal the
ability of S-Map ultrasound elastography to diagnose
fibrosis in NAFLD and to compare its diagnostic ability
with that of SWE.

Materials and methods
Enroliment of the participants

Participants were patients with NAFLD who were scheduled
to undergo liver biopsy at our institution between 2015 and
2019. Eligibility criteria for study participation were as fol-
lows: (1) patient (or family member if the patient is unable to
make their own decisions) personally provided written con-
sent to participate, (2) aged 20 years or older, and (3) did not
meet other exclusion criteria. NAFLD was diagnosed based
on the latest guidelines established by the American Asso-
ciation for the Study of Liver Disease [16] as follows: (i)
fatty change of the liver observed by imaging; (ii) no heavy
alcohol consumption (ethanol intake <210 g per week for
men and 140 g per week for women); (iii) no other factors
inducing fatty change of the liver; and (iv) no chronic liver
disease with clear etiology, such as viral infection (hepatitis
C virus and B virus), primary biliary cholangitis, or autoim-
mune hepatitis.

Other exclusion criteria were: (1) narrow intercostal
spaces or other issues that would impede liver visualization,
(2) pregnant or nursing, (3) ascites, and (4) serious heart dis-
ease. Patients with (3) and (4) were excluded because these
conditions could affect the results of strain elastography.

The protocols for the prospective study (No. 26-304,
M18273; S-Map) and the retrospective study (No. M21217;
SWE) were in compliance with the Declaration of Helsinki
and were approved by the Ethics Committee of Toho Uni-
versity Omori Medical Center. Information about SWE was
published on the website of Toho University Omori Medical
Center and patients who opted out were excluded from the
study.
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Ultrasonography

Ultrasonography (US) was performed from the right inter-
costal space using a LOGIQ E9 XDclear (GE Healthcare,
Chicago, IL) with a 3.75-MHz convex array probe (C1-6).
The mechanical index and frame rate were set to 0.22-0.29
and 15-18 frames/s, respectively. Images showing liver
parenchyma of the right hepatic lobe (segment 5) were
used in the analysis. Participants were examined in the
supine position with the right arm elevated above the head
and were instructed to hold their breath. All patients fasted
overnight before the examination. All US examinations
were performed by an independent examiner who had over
26 years of experience as an ultrasonographer and was
blinded to patient characteristics.

Strain elastography

The S-Map technique developed by GE Healthcare was
used for strain elastography. This technique estimates liver
stiffness according to the amount of strain in the liver pro-
duced by heartbeats. Specifically, the amount of strain is
converted to an image, and the color data of the image are
quantified. Each pixel is assigned a number that varies
from 0 to 100, with the maximum scale (red) being 100
and the minimum scale (blue) 0, as the displayed color
moves from cold to warm (Fig. 1). This value is called the
“strain index.”

Since strain is directly converted to a color image as an
absolute value, as long as the scale settings and external
force are constant, there is always a one-to-one relation-
ship between the amount of strain and the displayed color.

Fig.1 Color scale indicating Soft
the amount of strain in the liver.
Each pixel is assigned a number 100

that varies from 0 to 100 as the
displayed color shifts from cold
to warm, with the maximum
scale (red) set at 100 and the
minimum scale (blue) at 0

Hard
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Fig.2 Method for S-Map. The
section of the right lobe of the
liver where the heartbeat was
detected was visualized by right
intercostal scanning. A 4X?2 cm
region of interest (ROI) was
defined at 5 cm from the liver
surface and strain images were
acquired. The frame of the
acquired strain waveform with
the greatest strain was selected.
A circle was drawn in the ROI
to display the strain index.
Measurements were repeated a
total of six times, and the aver-
age value was considered the
S-Map value

Strain index

The actual method used in this study (Fig. 2) is as
follows:

1. The right lobe of the liver was visualized using right
intercostal scanning in the section where the heartbeat
was detected, avoiding blood vessels and other structures
of the liver.

2. The S-Map button on the touch panel was pressed to
display an ROI 4 cm in length by 2 cm in width, at 5 cm
from the liver surface.

3. The patient was asked to hold their breath for approxi-
mately 5 s while the strain images were acquired. Meas-
urement was performed using the natural-expiration
breath-hold technique in all cases.

4. The frame with the greatest strain in the strain wave-
form was selected with the trackball as the representa-
tive frame (arrow).

5. After the frame was selected, a circle was drawn in the
ROI to display the strain index.

6. Measurements were repeated six times, and the average
of the obtained values was considered the S-Map value.

Shear wave elastography (Fig. 3)

The following method modeled after a previous study [17]
was used:

1. The S5 segment of the liver was visualized by right
intercostal scanning. The SWE button on the touch
panel was pressed to display an ROI of 3 cm in length
by 1.5 cm in width, at 1-2 cm from the liver surface.

Obtained strain
waveform

1 V5 1.74 mis

Fig.3 Method for shear wave elastography (SWE). The S5 segment
of the liver was visualized by right intercostal scanning. A 3x 1.5 cm
region of interest (ROI) was defined at 1-2 cm from the liver surface.
The propagation velocity of shear elastic waves in the ROI was meas-
ured. Measurements were repeated a total of six times, and the aver-
age value was considered the SWE value

2. The patient was asked to hold their breath for approxi-
mately 5 s while the propagation velocity of shear elastic
waves in the ROI was measured.

3. Measurements were repeated six times, and the average
was considered the SWE value.

Correlation between hematological parameters
and liver stiffness

On the same day as ultrasonography, blood tests were

performed to measure platelets, albumin, AST, ala-
nine aminotransferase, total bilirubin, prothrombin time,
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triglycerides, high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol, fasting blood glucose, and
hemoglobin Alc. The fibrosis indices APRI and FIB-4 were
also calculated, and their correlations with S-Map and SWE
values were assessed.

Diagnostic performance of S-Map and SWE
for fibrosis staging

Correlations of S-Map and SWE values with fibrosis stage
determined by liver biopsy were analyzed by multiple com-
parisons. The diagnostic performance of S-Map and SWE
values for fibrosis staging was assessed using receiver oper-
ating characteristic (ROC) curves and compared against
APRI and the FIB-4 index.

Histopathological examination of the liver

Liver biopsy was performed after sonography with a
16-gauge liver biopsy needle (MISSION Core needle biopsy
instrument; Japan Becton Dickinson, Tokyo, Japan). Speci-
mens were obtained from the anterior segment of the right
lobe under US guidance and fixed in 10% formalin, embed-
ded in paraffin, and then sectioned and stained with hema-
toxylin—eosin and azan for histologic evaluation by a single
experienced pathologist blinded to the clinical conditions
of the patients.

Pathologic liver fibrosis was evaluated using the Clinical
Research Network’s nonalcoholic steatohepatitis (NASH)
scoring system [18], and the diagnosis of NASH was based
on the classification described by Matteoni et al. [19].

Statistical analysis

Continuous variables were tested for a normal distribution.
Continuous variables are presented as the mean + standard
deviation or median (interquartile range), as appropriate.

Spearman’s rank-order correlation was used to compare
the S-Map and SWE values with each factor. Multiple com-
parisons were made using the Kruskal-Wallis test. ROC
analysis was used to calculate the cutoff value and area under
the curve (AUC) for liver fibrosis staging. Statistical analysis
was performed using BellCurve for Excel 2015 (SSRI Co.,
Tokyo, Japan). A p value < 0.05 was considered to indicate
statistical significance.

Results
Patients

This study enrolled 114 patients with NAFLD. Seven
patients whose specimens were too small to be evaluated or
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who had a discrepant pathological diagnosis were excluded,
leaving 107 patients for analysis. Of these 107 patients,
65 were men and 42 were women, and the mean age was
51+ 14 years. The fibrosis stage was 0 in 27 patients, 1 in
42 patients, 2 in 11 patients, 3 in 14 patients, and 4 in 13
patients. Activity grade was AOQ in nine patients, Al in 65
patients, A2 in 31 patients, and A3 in two patients. Steatosis
grade was SO in three patients, S1 in 46 patients, S2 in 33
patients, and S3 in 25 patients. Detailed patient characteris-
tics are shown in Tables 1 and 2.

Correlation between elastography and clinical
laboratory parameters

S-Map values were positively correlated with albumin
(r=0.3058), platelets (r=0.2545), and prothrombin per-
centage (r=0.2213), and negatively correlated with AST
(r=-0.2322), total bilirubin (T-Bil) (r=-0.2072), APRI
(r=-0.4141), and fibrosis-4 (FIB-4) index (r=—0.2842).

SWE values were positively correlated with age
(r=0.4370), AST (r=0.2024), hemoglobin Alc
(r=0.1681), APRI (r=0.4522), and FIB-4 index
(r=0.5775), and negatively correlated with albumin

Table 1 Clinical and biochemical characteristics

Variables Value
Number 107

Sex (male/female) 65/42

Age (years) 51+14
Body mass index (kg/m?) 29.0+4.3
AST (IU/L) 51.3+31.3
ALT (IU/L) 71.1+45.7
Total bilirubin (mg/dL) 1.5+0.47
Albumin (g/dL) 42+04
Platelet count (X 104/pL) 10.7+6.4
Prothrombin time (%) 71.4+18.2
Triglyceride (mg/dL) 177.4+102.7
HDL-Chol (mg/dL) 51.0+124
LDL-Chol (mg/dL) 121.1+34.7
FPG (mg/dL) 137.4+51.1
HbAlc (%) 6.7+1.3
APRI 0.76 +£0.74
Fib-4 index 2.09+2.34
S-Map (0-100) 30.8+9.2
SWE (m/s) 1.47+0.29

Values are expressed as the mean +standard deviation or number of
patients

ALT aspartate aminotransferase, APRI aspartate aminotransferase to
platelet ratio index, AST alanine aminotransferase, FIB-4 index fibro-
sis-4 index, FPG fasting plasma glucose, HDL-Chol high-density
lipoprotein cholesterol, LDL-Chol low-density lipoprotein choles-
terol, SWE shear wave elastography
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Table 2 Histological

characteristics Variables Value

Fibrosis stage (F) 107
FO 27
Fl 42
F2 11
F3 14
F4 13

Activity grade (A)
A0 9
Al 65
A2 31
A3 2

Steatosis score (S)
SO 3
Sl 46
S2 33
53 25

Values are expressed as the
number of patients

Table 3 Correlation between elastography and clinical/laboratory
parameters

Parameters S-Map SWE
r p r p

Age —0.1600 0.1081  0.4370 <0.001
Sex 0.0863 0.3886 —0.0980 0.3174
Body mass index —0.2255 0.0256  0.1496 0.1333
AST -0.2322 0.0188  0.2024 0.0375
ALT —0.0510 0.6107 —0.0640 0.5146
Total bilirubin —-0.2072 0.0367 0.1762 0.0708
Albumin 0.3058 0.0018 —0.4875 <0.001
Platelet count 0.2545 0.0098 —0.4049 <0.001
Prothrombin time 0.2213 0.00261 —0.5555 <0.001
Triglyceride 0.0394 0.6943 —0.1929 0.0476
HDL-Chol 0.0231 0.8287 -0.0319 0.7604
LDL-Chol 0.1312 0.1977 —-0.2054 0.0384
FPG 0.0882 0.3779  0.0816 0.4058
HbAlc 0.1133 0.2618  0.1681 0.00881
APRI -0.4141 <0.001 0.4522 <0.001
FIB-4 index —0.2842 0.0038  0.5775 <0.001

ALT aspartate aminotransferase, APRI aspartate aminotransferase to
platelet ratio index, AST alanine aminotransferase, FIB-4 index fibro-
sis-4 index, FPG fasting plasma glucose, HDL-Chol high-density
lipoprotein cholesterol, LDL-Chol low-density lipoprotein choles-
terol, SWE shear wave elastography

(r=-0.4875), platelets (r=—0.4049), prothrombin per-
centage (r=—0.5555), TG (r=-0.1929), and low-density
lipoprotein cholesterol (r=—0.2054) (Table 3).

Comparison of elastography and fibrosis stage
S-Map by fibrosis stage

The value was 34.4+10.9 for FO, 32.9+9.1 for F1,
29.5+5.6 for F2, 26.7 +6.0 for F3, and 22.8 +4.19 for
F4. Multiple comparisons showed significant differences
between FO and F3 (p <0.05), F1 and F3 (p <0.05), FO and
F4 (p<0.01), and F1 and F4 (p <0.01).

SWE by fibrosis stage

The value was 1.27 +0.25 for FO, 1.39+0.20 for F1,
1.59+0.20 for F2, 1.64 +0.17 for F3, and 1.88+0.19 for
F4. Multiple comparisons showed significant differences
between FO and F1 (p <0.05), F2 and F4 (p <0.05), F3 and
F4 (p <0.05), FO and F2 (p <0.01), FO and F3 (p <0.01),
FO and F4 (p<0.01), F1 and F3 (p <0.01), and F1 and F4
(»<0.01) (Fig. 4a, b).

Diagnostic performance of S-Map and SWE
for fibrosis staging

S-Map

For F2 or higher, sensitivity was 71.1%, specificity 69.2%,
and AUC 0.75 at a cutoff of 27.4. For F3 or higher, sensitiv-
ity was 77.8%, specificity 72.4%, and AUC 0.80 at a cutoff
of 27.1. For F4 or higher, sensitivity was 76.9%, specificity
86.7%, and AUC 0.85 at a cutoff of 23.6 (Table 4, Fig. 5).

SWE

For F2 or higher, sensitivity was 86.8%, specificity 76.5%,
and AUC 0.88 at a cutoff of 1.47. For F3 or higher, sensitiv-
ity was 77.8%, specificity 78.5%, and AUC 0.87 at a cutoff
of 1.58. For F4 or higher, sensitivity was 92.3%, specificity
81.7%, and AUC 0.92 at a cutoff of 1.68 (Table 5, Fig. 6).

Advanced fibrosis

When F3 or higher was defined as advanced fibrosis and F4
as cirrhosis, the diagnostic performance results (AUC) of
S-Map, SWE, APRI, and the FIB-4 index were 0.80, 0.87,
0.80, and 0.85, respectively. AUC results for cirrhosis were
0.85,0.92, 0.81, and 0.91, respectively (Table 6).

Discussion
NAFLD is one of the most common chronic liver diseases

worldwide [20]. In 1999, Matteoni et al. emphasized the
importance of histological diagnosis of NAFLD because
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Fig.4 a Comparison of S-Map value and fibrosis stage. Multi-
ple comparisons showed significant differences between FO and
F3 (p<0.05), F1 and F3 (p<0.05), FO and F4 (p<0.01), and FI
and F4 (p<0.01). b Comparison of shear wave elastography value

Table4 S-Map value for assessment of histologic fibrosis stage in

patients with NAFLD

FO F1 F2 F3 F4

and fibrosis stage. Multiple comparisons showed significant differ-
ences between FO and F1 (p<0.05), F2 and F4 (p<0.05), F3 and
F4 (p<0.05), FO and F2 (p<0.01), FO and F3 (p <0.01), FO and F4
(p<0.01), F1 and F3 (p <0.01), and F1 and F4 (p <0.01)

NASH with histological findings of ballooning degeneration
has a poor prognosis [19]. However, large epidemiological
studies from 2015 and later have concluded that liver fibro-

F2 F3 F4
sis is what determines the prognosis of NAFLD patients
Cutoff value 274 271 23.6 [21, 22]. Presently, fibrosis stage is considered more impor-
Sensitivity (%) 71.1 718 76.9 tant than whether or not a patient has NASH. Patients with
Specificity (%) 69.2 724 86.7 advanced fibrosis (stages 3 and 4) have a particularly poor
AUC curve 0.75 0.80 0.85

AUC area under the curve, F fibrosis stage, NAFLD nonalcoholic

fatty liver disease

(@)

(b)

prognosis, and this has come to be called advanced fibrotic
NAFLD [22]. By 2030, the prevalence of NAFLD in Japan
is expected to rise to well over 20 million patients, and the

1 1 1
0.8 0.8 0.8
>
g 0.6 ? 0.6 £ 0.6
3 3 z
& 0.4 >F2 & 0.4 >F3 S04 >F4
@ Cutoff value 27.4 @ Cutoff value 27.1 Cutoff value 236
0 AUROC 075 0 AUROC  0.80 45 AUROC 0385
0 0 0
0 02 04 06 08 0 02 04 06 08 0 02 04 06 08
1-Specificity 1-Specificity 1-Specificity

Fig.5 Performance of S-Map values for staging fibrosis. a The area under the receiver operating characteristic (AUROC) for F2 or higher was

0.75. b The AUROC for F3 or higher was 0.80. ¢ The AUROC for F4 or higher was 0.85
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Table5 SWE value for assessment of histologic fibrosis stage in
patients with NAFLD

F2 F3 F4
Cutoff value (m/s) 1.47 1.58 1.68
Sensitivity (%) 86.8 77.8 92.3
Specificity (%) 76.5 78.5 81.7
AUC curve 0.88 0.87 0.92

AUC area under the curve, F fibrosis stage, NAFLD nonalcoholic
fatty liver disease, SWE shear wave elastography

prevalence of advanced fibrotic NAFLD (with stage 3—4
fibrosis) is expected to increase to over 1 million patients
[23]. The challenge is how to identify these advanced
fibrotic NAFLD patients. Although liver biopsy is consid-
ered the gold standard for staging fibrosis, it is invasive and
has a problematic rate of sampling errors. Therefore, there
is an urgent need to develop a noninvasive test for NAFLD.

Ultrasound elastography, a noninvasive method for diag-
nosing liver fibrosis, has been demonstrated to be useful
for fibrosis staging in various liver diseases. However, few
studies have investigated its utility in NAFLD, and most
of them have been small studies [24-28]. Furthermore, no
study has yet investigated fibrosis staging in NAFLD using
the S-Map ultrasound elastography technique. Therefore, in
this study, we investigated the diagnostic performance of
S-MAP for fibrosis staging in NAFLD. The performance
(AUQC) of this technique for staging fibrosis at F2 and higher,
F3 and higher, and F4 was 0.75, 0.80, and 0.85, respectively.

To date, the diagnostic performance of strain elastog-
raphy for fibrosis staging in NAFLD has been investi-
gated for only RTE. Orlacchio et al. performed RTE in 52
patients with NASH and reported AUCs of 0.86 and 0.92

(@)

for staging fibrosis at FO and higher and F2 and higher [29].
Ochi et al. also performed RTE in 75 patients with NAFLD
and reported AUCs of 0.84, 0.85, 0.88, and 0.97 for staging
fibrosis at F1 and higher, F2 and higher, F3 and higher, and
F4 [30]. However, the difference between the two techniques
is that RTE measures the relative amount of strain, whereas
S-Map measures the absolute amount of strain. Therefore, it
is important to note that the performance of RTE and S-Map
cannot be directly compared, because they have different
principles, even though they are both strain elastography
techniques.

Other elastography techniques have also been studied.
Cassinotto et al. reported the diagnostic performance of
SuperSonic Imagine’s SWE, Echosens’ transient elastog-
raphy (TE), and Siemens’ acoustic radiation force impulse
(ARFI) elastography in 91 patients with NAFLD [31]. AUCs
of SWE for F2 and higher, F3 and higher, and F4 were 0.86,
089, and 0.88, respectively. AUCs of TE for F2 and higher,
F3 and higher, and F4 were 0.82, 0.86, and 0.87, respec-
tively. AUCs of ARFI for F2 and higher, F3 and higher, and

Table6 AUC curve of histologic fibrosis stage in patients with
NAFLD

AUC curve F3/4 (advanced fibrosis) F4 (liver
cirrhosis)
S-Map 0.80 0.85
SWE 0.87 0.92
APRI 0.80 0.81
FIB-4 index 0.85 0.91

APRI aspartate aminotransferase to platelet ratio index, AUC area
under the curve, F fibrosis stage, FIB-4 index fibrosis-4 index,
NAFLD nonalcoholic fatty liver disease, SWE shear wave elastogra-

phy

1
0.8
>
£ 06 g s
2 2 2
3 04 =F2 804 >F3 S04 > F4
Cutoff value 1.47 Cutoff value 1.58 Cutoff value 1.68
0.2 AUROC 0.88 0.2 AUROC 0.87 0.2 AUROC 0.92
0 0 0
0O 02 04 06 08 1 0 0.2 0.6 0.8 1 0 02 04 06 038 1
1-Specificity 1-Specificity 1-Specificity

Fig.6 Performance of SWE values for staging fibrosis. a The area under the receiver operating characteristic (AUROC) for F2 or higher was
0.88. b The AUROC for F3 or higher was 0.87. ¢ The AUROC for F4 or higher was 0.92
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F4 were 0.77, 0.84, and 0.84, respectively. In addition, a
study of 54 patients with NAFLD conducted by Furlan et al.
assessed the fibrosis-staging performance of GE Health-
care’s SWE mode [32], the same one that we investigated
in this study. In their study, the AUC of SWE for signifi-
cant fibrosis (>F2) was 0.80, and that for advanced fibrosis
(>F3) was 0.89. In our study, the AUCs of GE Healthcare’s
SWE for F2 and higher, F3 and higher, and F4 fibrosis were
0.88, 0.87, and 0.92, respectively, which were comparable
to the previous results described above.

Next, we will discuss results regarding staging perfor-
mance for advanced fibrotic NAFLD, meaning F3 or higher
and F4 fibrosis. AUCs for F3 or higher and F4 were 0.80 and
0.85 for S-Map, 0.87 and 0.92 for SWE, 0.80 and 0.81 for
APRI, and 0.85 and 0.91 for FIB-4 index. SWE had the best
staging performance for both F3 and higher and F4 fibrosis.
Elastography that uses abdominal ultrasound is noninvasive
and can be performed repeatedly to assess fibrosis, which
is an advantage over methods using FIB-4 index and APRI
involving slightly invasive blood tests. Another advantage of
elastography is that screening for hepatocellular carcinomas
can be performed along with fibrosis staging as both can be
performed using abdominal ultrasound. Factors that could
explain why S-Map did not perform as well as SWE are the
effects of liver inflammation and cholestasis. AST and T-Bil
were hematological parameters that were significantly cor-
related with S-Map. S-Map was significantly correlated with
T-Bil, but SWE was not. This suggests that cholestasis, as
expressed by T-Bil, could partially explain the poorer diag-
nostic performance of S-Map. Both S-Map and SWE were
significantly correlated with AST, but S-Map had a higher
correlation coefficient (r), indicating that S-Map may be
more strongly influenced by liver inflammation than SWE.
Based on the above findings, S-Map was inferior to SWE in
terms of ability to diagnose fibrosis in NAFLD, but it was
more sensitive to cholestasis and liver inflammation com-
pared with SWE. Thus, the usefulness of S-Map may well be
found when it is used for assessment and follow-up observa-
tion in cholestatic diseases (e.g., primary biliary cholangitis
and drug-induced liver injury), or for assessment of exac-
erbation risk and follow-up observation in acute hepatitis.

Another reason for the difference in diagnostic perfor-
mance might be the major difference in the principles of
these two types of elastography, i.e., SWE measures the
velocity of shear waves, whereas strain elastography meas-
ures strain in the liver. However, further investigation on this
topic is needed.

One limitation of this study is that S-Map may not pro-
duce accurate results in patients with ascites or heart disease
because it is a heartbeat-based technique, and we, therefore,
were unable to use the technique in such patients. Other
limitations are that our study was conducted at a single
institution and in only one ethnic group. Further research

@ Springer

at multiple institutions and in multiple ethnic groups is
warranted.

Conclusion

This study revealed the ability of S-Map ultrasound elas-
tography to diagnose fibrosis in NAFLD. S-Map ultrasound
elastography was inferior to SWE in terms of ability to diag-
nose fibrosis in NAFLD.
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