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Abstract

Background: Focal liver lesions are considered a major problem during abdominal examinations. Shear wave sono-
elastography (SWE) has been demonstrated to be helpful in assessment of liver fibrosis degree.
The purpose of this study was to evaluate the role of SWE in characterization of benign and malignant hepatic
focal lesions.

Results: Seventy-five (75) patients with variable focal liver lesions (52 malignant and 23 benign) were analyzed by
SWE. The stiffness values of surrounding hepatic parenchyma were also measured as a reference for readings of the
focal lesion stiffness values. Final diagnosis was achieved by core needle biopsy (in 1 benign and 38 malignant
cases) and contrast enhanced CT and MRI (in all cases).
Cholangiocarcinoma (CCC) was the stiffest malignant lesion with median stiffness value (35.9 kPa). Focal nodular
hyperplasia (FNH) was the stiffest benign lesion (26.7 kPa).
The median stiffness value of malignant focal lesions (20.22 kPa) was significantly higher than that of benign focal
lesions (10.68 kPa) (P value < 0.001).
ROC curve of SWE median stiffness values for differentiation of benign from malignant hepatic focal lesions had
AUC = 0.834, and using cut of value 14.165 kPa, yielding 98.1% sensitivity, 78.3% specificity, and 92% accuracy.

Conclusion: SWE has high accuracy in differentiating benign form malignant liver focal lesions with promising
results in individual characterization of some malignant (HCC and CCC) and benign hepatic focal lesion (FNH from
other benign lesions).
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Background
Focal liver lesions (FLLs) are considered a major prob-
lem during abdominal examinations. Liver cancer repre-
sents the second leading cause of mortality in men and
the sixth cause in women worldwide [1]. FLLs are classi-
fied as benign or malignant. Benign hepatic lesions can
be either solid or cystic, within these types; the subtypes
include hemangioma (the most common), hepatic aden-
oma, focal nodular hyperplasia, focal fatty change, bile
duct cysts, and hydatid cysts [2, 3]. Malignant hepatic

focal lesions can be either primary or secondary (metas-
tases). The commonest primary malignant liver neo-
plasm is hepatocellular carcinoma (HCC) and the
second most common neoplasm is cholangiocarcinoma.
There are other rare liver neoplasms as angiosarcomas
and hepatoblastomas [4].
Several diagnostic imaging modalities can be used to

detect and characterize FLLs as ultrasound, color Dop-
pler, magnetic resonance imaging (MRI), computed tom-
ography (CT), and positron emission tomography (PET).
More invasive techniques include angiography (seldom
used) and percutaneous biopsy [5].
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Ultrasound is a first-line modality for examination of
the liver because it is low in cost, convenient to use, and
does not expose the patient to radiation. In CT examin-
ation, intravenous iodinated contrast media are routinely
used that improve detection of FLLs. CT limitations are
exposure to a high radiation dose and contrast media
are contraindicated in patients with a history of anaphyl-
axis and renal failure. MRI in comparison to CT lacks
exposure to ionizing radiation and contrast agents of
MRI can be used in patients who have allergies to iodin-
ated contrast agents. The main drawbacks of MRI in-
clude high cost and the long examination time [6].
Core needle liver biopsy has been considered the gold

standard tool for differentiating malignant from benign
lesions. However, it is an invasive procedure, and may
have life-threatening complications as pain, risks of mor-
bidity and mortality and also, biopsy diagnostic value is
limited by sampling variability [7–10].
Ultrasound elastography is a new imaging technique

that allows a noninvasive estimation and imaging of tis-
sue elasticity distribution within biological tissues using
conventional real-time ultrasound equipment with
modified software [11].
Shear wave sono-elastography (SWE) is a novel elasto-

graphic technique that has been suspected to be an al-
ternative, easy, rapid, and noninvasive technique that is
increasingly being used to assess liver elasticity [12]. It
gives a local assessment at point of interest of an organ
in kilopascals (kPa). The major advantages of SWE are
the reproducibility, operator independency, higher
spatial resolution, and the ability to establish a quantita-
tive evaluation of stiffness values without manual com-
pression artifacts [13]. SWE technique generates shear
waves at a focal point in the tissue, where the velocity of
the wave provides an estimate of tissue stiffness [14, 15].
SWE has been demonstrated to be helpful in assess-

ment of liver fibrosis degree [16] and may be used as an
adjunct to conventional ultrasound in differentiation and
characterization of hepatic focal lesions [12, 17].

Aim of the work
The aim of this study is to evaluate the role of shear
wave sono-elastography (SWE) in characterization of be-
nign and malignant hepatic focal lesions.

Methods
This prospective study was carried out during the period
from March 2017 to March 2019. It included patients
with single or multiple hepatic focal lesions greater than
1 cm in diameter, diagnosed by any of different imaging
modalities, who agreed to join the study according to
the ethical considerations. Patients with focal lesion size
smaller than the size of the smallest sampling box (1 ×
1 cm), patients who were unable to hold their breath as

required, those with previous interference to hepatic
focal lesions, pregnant, obese, and those patients with
bad general condition were excluded.
The study included ninety-one (91) cases with 114

variable hepatic focal lesions. Patients with multiple hep-
atic focal lesions, the largest or the most conspicuous
one was chosen only as a representative lesion in com-
pliance with the study of Qiang et al. [18]. Sixteen (16)
cases were excluded from the statistical analysis because
of failure of SWE acquisitions (6 cases of left liver lobe
focal lesions and cases of right liver lobe focal lesions
more than 6 cm in depth from skin (N = 10) in compli-
ance with the Gerber et al. study) [19].
So the current study final statistical analysis cases in-

cluded 75 patients (42 males and 33 females), their age
ranged from 19 to 67 years with mean age of 50.13 years.
Patients were subjected to the following:
1. Ultrasonography: This study was done by using the

ultrasound machine: LOGIQ E9 (GE Healthcare) with
convex transducer (C1-6-D 3.5 MHZ). All cases were
subjected to B-mode abdominal ultrasonography exam-
ination followed by shear wave elastography of the hep-
atic focal lesions and the surrounding liver parenchyma.
All the examinations were performed by consensus by

2 independent radiologists (M.A.L. and N.F.). They had
more than 20 and 25 years’ experiences in ultrasonic
scanning. Both were blinded to the final pathologic re-
sults and other investigation done for the patients.

B-mode abdominal ultrasonography examination
Patient was lying in supine position. At first, a baseline
B-mode liver ultrasound was performed to obtain each
focal lesion criteria (location, echogenicity, maximum
diameter, boundary, associated ascites, and the depth
from the skin).

Shear wave elastography examination technique
Patient was lying in supine position with the right arm
in maximum abduction. A liver area free of visible bile
ducts or vessels was selected. The built-in ROI of the
system was placed inside the lesion, and the image was
displayed on a semi-transparent color map of tissue stiff-
ness, ranging from dark blue indicating the lowest stiff-
ness, to dark red indicating the highest stiffness.
The surrounding hepatic parenchyma stiffness values

were also measured to give a direct reference for shear
wave elastography readings of the focal lesion stiffness
values.
The patients were asked to perform a short breath

hold, to ensure that cardiac- and respiration-related tis-
sue motion was minimum. Three consecutive shear
wave elastography acquisitions were performed for the
lesion and the surrounding parenchyma, then the
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average stiffness value of the three readings (kPa) was
calculated. Finally, measurements and images were
recorded
2. Contrast enhanced computed tomography (CE-CT):

All patients (75) were subjected to post-contrast tripha-
sic CT study using 128 multi-detector Philips CT with
the following parameters: KV, 120; MA, 200–250; slice
thickness, 10 mm; and FOV, 400mm (scanning from the
lung bases to the iliac crest and should include the
whole liver).
After digital scout view, a pre-contrast axial scan

was first obtained. Then triphasic CT scanning of the
liver was performed as patients were given IV non-
ionic contrast of 1.5 mg/kg with overall dose of 100–
150 mL via a power injector at 2–3 mL/s. Then liver
was scanned in arterial (after 10–30 s), portal (after
60–90 s), and equilibrium or delayed (after 2–5 min)
phases.
3. Contrast enhanced magnetic resonance imaging

(CE-MRI): All cases were examined by post-contrast tri-
phasic MRI study using 1.5 T machine (Philips-Ingenia
1.5) with the following parameters: T1WI (TR, 500 ms;
TE, 50 ms; slice thickness, 5 mm; and FOV, 400 × 300
mm). T2WI (TR, 1250ms; TE, 80 ms; slice thickness, 5
mm; and FOV, 400 × 300 mm. Dynamic post-contrast
study (TR, 3.5 ms; TE, 1.5 ms; slice thickness, 2 mm; and
FOV, 400 × 300 mm) with one pre-contrast and 3 post-
contrast series, after pre-contrast study, a bolus of Gd-
DTPA in a dose of 0.2 mmol/kg was injected using an
automated injector at a rate of 3–5 ml/s, liver was
scanned in arterial after 20–30 s, portal after 60–65 s,
and equilibrium phase after 2–5 min. Also, DWI (TR,
1885 ms; TE, 62 ms; slice thickness, 5 mm; and FOV, 400
× 300 mm), in-phase and out-phase T1WI (TR, 4.6 ms;
TE, 2.3–4.3 ms; slice thickness, 5 mm; and FOV, 400 ×
300 mm) and heavy T2WI (TR, 10,000; TE, 260 ms) were
done if needed.
4. Core Needle Biopsy: Thirty-nine (39 cases, 38 malig-

nant and 1 benign) underwent core needle biopsy of
hepatic focal lesions.
An ultrasound guided liver biopsy was performed,

obtaining 2–3 histological tissue samples of about 20
mm in length using an 18-G biopsy needle.
The final diagnosis of benign hepatic focal lesions

(hemangioma, focal nodular hyperplasia, focal fatty infil-
tration…etc.) was made by the agreement of the three
imaging techniques (US, triphasic CT, and triphasic
MRI). In case of persistent diagnostic uncertainty (in 1
case of FNH), liver biopsy was done.
The diagnosis of HCC: provided there was liver cirrho-

sis, the guidelines of the American Association Society
of Liver Disease (AASLD, 2005) was followed for diag-
nosis (in 14 HCC cases). In all other malignant lesions,
(in 7 cases of atypical HCC, 21 metastases, 6

lymphomas, and 4 cases of cholangiocarcinoma) biopsy
was taken.
All CT and MRI examinations were interpreted by a

specialized radiologist (O.A.SH.) with 15 years’ experi-
ence in CT and MRI liver imaging.

Statistical analysis
The data from B-mode abdominal ultrasound studies
and shear wave elastography value results were trans-
ferred to statistical package for social science (SPSS)
program, version 20, on Microsoft windows for statis-
tical analysis. Quantitative data were summarized by
mean and standard deviation (SD) and median (mini-
mum-maximum). Qualitative data were summarized by
frequency and percent. Receiver operator characteristic
(ROC) curve was used to determine diagnostic accuracy
of test. Sensitivity and specificity for certain cutoff point
was selected according to highest sensitivity and
specificity.
For all above mentioned statistical tests done, the

threshold of significance is fixed at 5% level (P value).
The results were considered:
• Non-significant when the probability of error is more

than 5% (P > 0.05)
• Significant when the probability of error is less than

5% (P < 0.05)
• Highly significant when the probability of error is

less than 0.1% (P < 0.001). The smaller the P value ob-
tained, the more significant are the results.

Results
The final number included 75 liver focal lesions (42
males and 33 females); their age range from 19 to 67
years with mean age of 50.13 years.
The study group is subdivided into two subgroups,

malignant and benign hepatic focal lesions.
The percent distribution of the 75 focal lesions were

the following: (a) 52 malignant focal lesions counting as
hepatocellular carcinoma (N = 21) (28%), metastasis (N
= 21) {2 GIST, 2 bronchogenic carcinoma, 7 breast can-
cer, 6 colon cancer, 2 prostatic carcinoma, and 2 ovarian
carcinoma} (28%), cholangiocarcinoma (N = 4) (5.3%),
and lymphoma (N = 6) (8%). (b) 23 benign focal lesions
counting as simple cyst (N = 2) (2.7%), hemangioma (N
= 6) (8%), hydatid cyst (N = 3) (4%), focal nodular hyper-
plasia (N = 5) (6.7%), focal fat infiltration (N = 4) (5.3%),
and abscess (N = 3) (4%) (Table 5).
Fifty-two (52) patients (32 males and 20 females) had

malignant hepatic focal lesions with mean age 52.9 years.
Twenty-three (23) patients (10 males and 13 females)
had benign hepatic focal lesions with mean age 43.8
years.
Malignant hepatic focal lesions (52): all cases were di-

agnosed by contrast enhanced CT study (CE-CT) and by
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contrast enhanced MRI study (CE-MRI), in addition, 38
cases were diagnosed by biopsy (Table 1).
Benign hepatic focal lesions (23): all patients were di-

agnosed by contrast enhanced CT study (CE-CT) and by
contrast enhanced MRI (CE-MRI). One (1) case of FNH
was diagnosed by biopsy (Table 1).
Malignant focal lesion median size was 5.30 (range

from 2.90 to 12.0). Benign focal lesion median size was
6.70 (2.90–18.1) (Table 2).
Twelve (12) malignant focal lesions were associated

with ascites. None of the benign focal lesions had associ-
ated ascites. The data is summarized in Table 2.
Color-coded elastogram of the 52 malignant hepatic

focal lesions: 46 lesions (21 hepatocellular carcinoma, 21
metastasis, and 4 cholangiocarcinoma) showed mixed
color with red foci and 6 lesions showed yellow green
color (6 lymphomas) (Table 3).
Color-coded elastogram of 23 benign hepatic focal le-

sions: 12 lesions (6 hemangioma, 2 hydatid, and 4 focal
fatty infiltration) showed faint blue color, 4 lesions
showed yellow green color (3 abscess and 1 hydatid), 5
lesions showed mixed color with red foci (5 focal nodu-
lar hyperplasia), and 2 lesions were colorless (2 simple
cyst) (Table 3).
There was statistical significant difference of color

characteristics between malignant and benign hepatic
focal lesions (P value < 0.001) (Table 3).
The median stiffness value of malignant focal lesions

(20.22 kPa) was significantly higher compared with that
of benign focal lesions (10.68 kPa) with P value < 0.001.
The median stiffness value of the liver parenchyma in
cases of malignant lesions (7.86 kPa) was higher com-
pared with that of the liver parenchyma in cases of be-
nign lesions (5.97 kPa) with a statistical significance P
value = 0.002. The median lesion/parenchyma stiffness
ratio of malignant focal lesions was 2.69 and the median
lesion/parenchyma stiffness ratio of benign focal lesions
was 1.97 with no statistical difference (Table 4).

Regarding the benign focal lesions (Figs. 1, 2, and 3):
focal nodular hyperplasia was the stiffest with median
stiffness value was 26.7 kPa and the surrounding liver
parenchyma median stiffness value was 6.64 with sig-
nificant P value = (0.009), abscess median stiffness
value was 12.67 and the surrounding liver parenchy-
mal stiffness value was 5.97 with relative significant P
value = (0.05), hemangioma median stiffness value
was 10.5 and the surrounding liver parenchyma me-
dian stiffness value was 5.84 with significant P value
≤ 0.004, focal fatty infiltration median stiffness value
was 10.3 and the surrounding liver parenchyma me-
dian stiffness value was 5.57 with significant P value
= (0.021), hydatid cyst median stiffness value was 8.79
and the surrounding liver parenchyma median stiff-
ness value was 5.77 with relative significant P value =
(0.05), and finally simple cyst did not exhibit any
stiffness value (Table 5).
As regard the malignant focal lesions (Figs. 4, 5, 6,

and 7): cholangiocarcinoma was the stiffest with me-
dian stiffness value was 35.9 and the surrounding
liver parenchyma median stiffness value was 7.9 with
significant statistical difference P value = 0.021,
metastasis median stiffness value was 25.5 and the
surrounding parenchyma median stiffness value was
5.7 with significant P value ≤ 0.001, hepatocellular
carcinoma median stiffness value was 17.6 and the
surrounding liver parenchyma median stiffness value
was 13.2 with significant P value ≤ 0.001, and finally
lymphoma median stiffness value was 14.5 and the
surrounding liver parenchymal stiffness value was 5.8
with significant (P value = 0.004) (Table 5).
Receiver operating characteristic (ROC) curve for the

diagnostic accuracy of SWE median stiffness values for
differentiation of benign from malignant hepatic focal le-
sions had AUC = 0.834, and using cutoff value 14.165
kPa, yielding 98.1% sensitivity, 78.3% specificity, and 92%
accuracy (Table 6).

Table 1 Diagnosis methods among the studied groups

Diagnosis methods Total
(N = 75)

Malignant hepatic focal lesions
N = 52

Benign hepatic focal lesions
N = 23

Pathology (biopsy)

Yes 39 (52%) 38 (73.1%) 1 (4.3%)

No 36 (48%) 14 (26.9%) 22 (95.7%)

CE-CT

Yes 75 (100%) 52 (100%) 23 (100%)

No 0 (0.0%) 0 (0%) 0 (0%)

CE-MRI

Yes 75 (0%) 52 (100%) 23 (100%)

No 0 (0%) 0 (0%) 0 (0%)
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Discussion
Only few pilot studies have evaluated the recent diagnos-
tic imaging system (SWE) for stiffness investigation of
focal liver lesions [19].
This study included 75 patients of variable hepatic

focal lesions (42 males and 33 females), their age ranged
from 19 to 67 years with mean age of 50.13 years. All
cases were evaluated by means of B-mode abdominal
ultrasound and shear wave sono-elastography, and finally
diagnosed by core needle biopsy (39 cases), CE-CT, and
CE-MRI (75 cases).
In the current study, the median size of benign

focal lesions was 6.7 cm and of malignant focal le-
sions was 5.3 cm. There was no statistical significance
between the lesion size and its nature whether benign
or malignant and in turn its stiffness in kPa. This
matches with Guibal et al. [17] and Choong et al.
[20] who stated that there was no statistical correl-
ation observed between the size of lesions and lesion
stiffness value.

Regarding the color-coded elastogram, 46 malignant
lesions (88.5%) had mixed color with red foci, while only
the 5 benign FNH cases (21.7%) had red foci. There was
a statistically significant difference between benign and
malignant focal lesions as regard the color-coded elasto-
gram with P value < 0.001, and this matches with the
study of Guibal et al. [17] and Park et al. [21] who stated
that in the technique setting, dark blue color is indica-
tive of the lowest stiffness and dark red is indicative of
the highest stiffness.
Among the benign focal lesions, focal nodular

hyperplasia was the stiffest with median stiffness value
(26.7 kPa).
The median stiffness value of FNH was (26.7 kPa),

while that of hemangioma was (10.5 kPa). These results
are in agreement with Guibal et al. [17] who reported
that SWE mean stiffness value was for FNH 33 ± 14 kPa,
and for the hemangiomas 13.8 ± 5.5, also with Park
et al. [21] study results that included that the mean stiff-
ness value for hemangiomas 12.91 ± 9.42 and for FNH

Table 2 Lesion characteristics among the studied groups

Lesion characteristics Total
(N = 75)

Malignant hepatic focal lesions
N = 52

Benign hepatic focal lesions
N = 23

P value

Lesion size

Median (min-max) 6.7 (2.9–18.10) 5.30 (2.90–12.0) 6.70 (2.90–18.1) Z 0.232

Lesion boundary

Well defined 56 (74.7%) 39 (75%) 17 (73.9%) € 0.921

Ill defined 19(25.3%) 13 (25%) 6 (26.1%)

Lesion echogenicity

Isoechoic 9 (12%) 9 (17.3%) 0 (0%)

Heterogeneous 11 (14.7%) 10 (19.3%) 1 (4.3%) € < 0.001*

Hyperechoic 27 (36%) 18 (34.6%) 9 (39.1%)

Hypoechoic 24 (32%) 15 (28.8%) 9 (39.1%)

Anechoic 4 (5.3%) 0 (0%) 4 (17.4%)

Ascites 12 (16%) 12 (23.1%) 0 (0%) € 0.012*

Table 3 SWE color characteristics of benign and malignant hepatic focal lesions

Color Total
(N = 75)

Malignant hepatic focal lesions
N = 52

Benign hepatic focal lesions
N = 23

P value

Focal lesions

Yellow green 10 (13.3%) 6 (11.5%) 4 (17.4%) < 0.001*

Faint blue 12 (16%) – 12 (52.2%)

Mixed with red foci 51 (68%) 46 (88.5%) 5 (21.7%)

Colorless 2 (2.7%) – 2 (8.7%)

Parenchymal

Yellow green 8 (10.7%) 8 (15.4%) – 0.001*

Faint blue 12 (16%) 12 (23.1%) –

Dark blue 50 (66.7%) 27 (51.9%) 23 (100%)

Mixed 5 (6.7%) 5 (9.6%) –
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27.02 ± 4.14, while these results do not cope with
Gerber et al. [19] who concluded that there was no sig-
nificant difference could be observed in elasticity values
between the different benign FLLs as hemangioma me-
dian stiffness value was 16.35 (5.4–71.9) kPa and FNH
median stiffness value was 16.55 (2.1–69.7) kPa.
These studies of Guibal et al. [17], Qiang et al. [18],

Gerber et al. [19], and Park et al. [21] described that
hemangioma had elevated stiffness value in compari-
son with the surrounding hepatic parenchyma as in
Park et al. study [21] hemangioma mean stiffness
value was 12.91 ± 9.42, while parenchymal mean stiff-
ness value was 5.5 ± 2.8, as well as in Gerber et al
study [19] hemangioma median stiffness value was
16.35 kPa, while parenchymal median stiffness value
was 8.5 kPa, and the results of the current study had
similar observations as the median stiffness value of
hemangioma was 10.5 kPa, the surrounding hepatic
parenchymal median stiffness value was 5.84 kPa with
statistically significant P value ≤ 0.004.
Kim et al. [22] explained these results by that hem-

angiomas histologically composed of large blood-filled
endothelial-lined spaces separated by fibrous septa, vas-
cular thrombi likely responsible for the high stiffness
values.
In the current study, abscess (3 cases) showed elevated

stiffness value as median stiffness value was 12.67 kPa,
and the surrounding liver parenchyma median stiffness
value was 5.97, and this is in agreement with Park et al.
[21] as abscess (3 cases) mean stiffness value was 22.13
± 5.14 and the surrounding liver parenchyma mean stiff-
ness value was 5.77 ± 1.25.
Guibal et al. [17] and Park et al. [21] found that FNH

include components significantly higher than other be-
nign hepatic lesions in stiffness. Yu and Wilson [23]
added that these elevations in stiffness likely matched to
fibrous septations, which results due to central scar for-
mation, and this copes with the results of the current
study as FNH was the stiffest benign lesion.
Park et al. [21] fond that SWE mean stiffness values

for focal fatty sparing 15.15 ± 11.38, for hematomas
31.05 ± 1.34, and for fibrosis 6.5, Gerber et al. [19]
study also included 1 case of adenoma with median

stiffness value 8.9, and Guibal et al. [17] mentioned
that mean SWE values for focal fatty sparing 6.6 ±
0.3, for scars 53.7 ± 4.7, and for adenomas 9.4 ± 4.3.
Guibal et al. [17] explained that adenoma stiffness
values were elevated compared with surrounding par-
enchyma as adenoma are composed of large hepato-
cytes supported by a weak framework of collagen and
they are deficient in biliary canaliculi. Unfortunately,
this current study did not include any cases of these
categories.
Among the malignant focal lesions: cholangiocarci-

noma was the stiffest with median stiffness value
(35.9 kPa).
In the current study, the stiffest lesion of all types of

focal lesions (benign and malignant) was cholangiocarci-
nomas (35.9 kPa) and showed more stiffness values com-
paring with other malignant focal lesions, and this
matches with Guibal et al. [17] and Gerber et al. [19]
who reported that cholangiocarcinomas were the stiffest
malignant FLLs.
Sirica et al. [24] and Okamoto et al. [25] explained

these results by the fact that cholangiocarcinoma in hist-
ology has a considerable fibrotic component, which is
also a significant portion of their malignant progression.
Heide et al. [26] added that this fibrotic component is
likely resulting in the high stiffness present in
cholangiocarcinoma.
Guibal et al. [17] stated that none of the cholangiocar-

cinomas (56.9 ± 25.6) exhibited a stiffness value like the
FNHs (33 ± 14.7) and this copes with the current study
results as regard cholangiocarcinoma median stiffness
value (35.9 kPa) and FNH (26.7 kPa).
The median stiffness value of HCC (17.6 kPa) was

lower than that of metastasis (25.5 kPa) and cholangio-
carcinoma (35.9 kPa) and was higher than the median
stiffness value of all benign hepatic lesions (10.68 kPa)
and lower than the stiffness value of FNH (26.7), and
this is in agreement with Guibal et al. [17], Kim et al.
[22], and Frulio et al. [27] who reported that generally
hepatocellular carcinoma was harder than all benign
focal lesions but softer than benign focal lesions that
showed high stiffness values such as focal nodular
hyperplasia.

Table 4 Median stiffness value of benign and malignant lesions, the liver parenchyma and median lesion/parenchymal stiffness ratio

Variables Malignant hepatic focal lesions
N = 52

Benign hepatic focal lesions
N = 23

Z P value

Focal lesion

Median (min-max) 20.22 (14.04–37.51) 10.68 (0.0–27.76) < 0.001*

Parenchymal

Median (min-max) 7.86 (4.48–18.20) 5.97 (4.38–7.08) 0.002*

Lesion/parenchymal ratio

Median (min-max) 2.69 (0.83–5.50) 1.97 (0.0–4.82) 0.288
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Guibal et al. [17] reported that SWE mean stiffness
values (in kPa) were for HCCs 14.86 ± 10, for metastasis
28.8 ± 16, and for cholangiocarcinomas 56.9 ± 25.6 kPa
with the difference in tissue elasticity between cholan-
giocarcinoma and HCC statistically significant (P
00.0004). However, Choong et al. [20] stated that the
elasticity values of HCC (51.45 ± 14.96 kPa) were

statistically non-significant from the values of metastatic
lesions (49.89 ± 13.82 kPa).
In this study, HCC (N = 21 cases); 2 cases of HCC

showed stiffness value (15.27, 15.1) less than liver paren-
chyma (18.2, 17.8); however, 19 cases of HCC showed
stiffness value more than liver parenchyma. Also, the
study of Guibal et al. [17] included 25 cases of HCC; 6

Fig. 1 Twenty-eight years old female patient presented with abdominal pain. Imaging findings: grey scale B-mode ultrasonography (a): normal
sized liver with an ill-defined hyperechoic focal lesion seen in segment IV and VIII measuring 9.2 × 8.6 cm with 1.9 cm depth from the skin. Color-
coded shear wave sono-elastography: the lesion showed faint blue color (b, c, d), while the liver parenchyma showed dark blue color (e, f, g).
Shear wave sono-elastography stiffness value of the focal lesion: E1 = 9.55 kPa (b), E2 = 8.31 kPa (c), and E3 = 9.26 kPa (d). Calculated average
stiffness value of the lesion = 9.04 kPa. Shear wave sono-elastography stiffness values of the parenchyma: E1 = 6.86 kPa (e), E2 = 5.99 kPa (f), E3 =
5.75 kPa (g).Calculated average stiffness value of the parenchyma = 6.2 kPa. • Lesion/parenchyma stiffness ratio = 1.57. Axial contrast enhanced
triphasic CT study (arterial (h), portal (i), and delayed (j) phases): average sized liver with a large well defined focal lesion seen in segment IV and
VIII. It shows peripheral nodular enhancement in the arterial phase, progressive filling in the portal phase with persistent enhancement is seen in
the delayed phase (close iris pattern). Diagnosis: Hemangioma
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cases showed stiffness value less than liver parenchyma,
but 19 cases showed stiffness value more than liver
parenchyma.
This is explained by Guibal et al. [17] and Gallotti

et al. [28] who reported that HCCs in cirrhotic livers
may exhibit a relatively softer values when compared
with the stiff surrounding parenchyma. However, some
cases of HCC showed stiffness value more than liver
parenchyma by the fact that their patients likely had less
degree of cirrhosis.
Gerber et al. [19] reported that the median stiffness of

all FLLs [28.6 kPa] was significantly higher than that of
the surrounding liver [9.9 kPa] (P < 0.0001), whereas the
surrounding liver in patients with HCC showed the

highest stiffness with (P < 0.0001) in comparison to the
surrounding liver of further subgroups, and this matches
with the current study results as the median stiffness of
all FLLs [18.37 kPa] was significantly higher than that of
the surrounding liver median stiffness value [6.47 kPa]
(P < 0.001), whereas the surrounding liver in patients
with HCC showed the highest median stiffness of 13.2
kPa (P < 0.001) in comparison to the surrounding liver
parenchyma of further subgroups.
Guibal et al. [17] and Gerber et al. [19] stated that

sometimes cholangiocarcinoma may exhibit similar
enhancement criteria in CT and MRI as hepatocellular
carcinomas, so discrimination between cholangiocarci-
nomas and hepatocellular carcinoma can be difficult in

Fig. 2 Nineteen years old female patient presented with incidentally discovered hepatic focal lesion during abdominal ultrasound examination
for abdominal pain. Imaging findings: grey scale B-mode ultrasonography (a): normal sized liver with a well-defined hypoechoic focal lesion seen
in segment VII and VIII measuring 6 × 7.2 cm with 4.7 cm depth from the skin. ϖ Color-coded shear wave sono-elastography: the lesion showed
mixed color with red foci (b, c, d), while the liver parenchyma showed dark blue color (e, f, g). ϖ Shear wave sono-elastography stiffness values
of the focal lesion: E1 = 27.20 kPa (b), E2 = 27.16 kPa (c), and E3 = 26.48 kPa (d). Calculated average stiffness value of the lesion = 26.94 kPa. ϖ
Shear wave sono-elastography stiffness values of the parenchyma: E1 = 7.14 kPa (e), E2 = 6.18 kPa (f), and E3 = 6.91 kPa (g). Calculated average
stiffness value of the parenchyma = 6.74 kPa. • Lesion/parenchyma stiffness ratio = 3.99. ϖ Axial contrast enhanced triphasic CT study (arterial (h),
portal (i), and delayed (j) phases): a well-defined lobulated hypervascular focal lesion is seen in segment VII and VIII with marked enhancement in
the late arterial phase and evidence of a typical central scar within the lesion (black arrows). The portal phase demonstrates isoattenuation to the
normal liver parenchyma. The delayed phase shows faint enhancement of the central scar. ϖ Pathology: focal nodular hyperplasia. ϖ Diagnosis:
focal nodular hyperplasia (FNH)
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Fig. 3 Fifty-eight years old male patient presented with abdominal fullness. Imaging findings: grey scale B-mode Ultrasonography (a): normal
sized liver with a well-defined anechoic focal lesion with septations inside seen occupying most of the right liver lobe measuring 11.1 × 9.6 cm
with 2.3 cm depth from the skin. ϖ Color-coded shear wave sono-elastography: measurements are taken in the septations showed yellow green
color (b, c, d), while the liver parenchyma showed dark blue color (e, f, g). ϖ Shear wave sono-elastography stiffness values of the focal lesion: E1
= 14.31 kPa (b), E2 = 13.57 kPa (c), and E3 = 13.42 kPa (d). Calculated average stiffness value of the lesion = 13.76 kPa. ϖ Shear wave sono-
elastography stiffness values of the parenchyma: E1 = 5.43 kPa (e), E2 = 5.28 kPa (f), and E3 = 5.52 kPa (g). Calculated average stiffness value of the
parenchyma = 5.41 kPa. Lesion/parenchyma stiffness ratio = 2.54. ϖ Axial contrast enhanced CT study (non-contrast (h), post-contrast (i)): a large
well-defined non-enhancing multilocular cystic lesion with multiple septae and daughter cysts. It is seen occupying most of the right liver lobe.
ϖ Contrast enhanced MRI study (non-contrast axial T1 (j), post-contrast fat sat T1 WI (k), and non-contrast coronal T2 WI (l)): a large well-defined
non-enhancing multilocular cystic lesion with multiple septae and daughter cysts. It is seen occupying most of the right liver lobe. It displays low
SI on T1 WI, high SI on T2 WI images, and shows no enhancement on post-contrast T1WI. ϖ Diagnosis: hydatid cyst

Table 5 Shear wave elastography median (min-max) stiffness values (kPa) of different categories of benign and malignant hepatic
focal lesions, and the surrounding liver parenchyma
Variables N Median kPa stiffness value (min-max) Z P

value
Focal lesions Liver parenchyma Lesion/parenchymal stiffness ratio median

All lesions 75 18.37 (0.0–37.51) 6.47 (4.38–18.20) < 0.001*

Malignant lesions 52 20.22 (14.04–37.51) 7.86 (4.48–18.20) 2.69 (0.83–5.50) < 0.001*

Hepatocellular carcinoma 21 (28%) 17.6 (15.3–20.5) 13.2 (9.6–18.20) 1.37 (0.83–1.93) < 0.001*

Metastasis 21 (28%) 25.5 (21.9–28.9) 5.7 (4.5–13.6) 4.2 (2.1–5.5) < 0.001*

Lymphoma 6 (8%) 14.5 (14.04–14.7) 5.8(4.8–9.2) 2.5 (1.5–2.9) 0.004*

Cholangiocarcinoma 4 (5.3 %) 35.9 (35.3–37.5) 7.9 (7.3–12.6) 4.6 (2.8–4.98) 0.021*

Benign lesions 23 10.68 (0.0–27.76) 5.97 (4.38–7.08) 2.69 (0.83–5.50) < 0.001*

Hemangioma 6 (8 %) 10.5 (9.04–11.02) 5.84 (4.8–7.08) 1.66 (1.6–2.39) 0.004*

Focal nodular hyperplasia 5 (6.7%) 26.7 (25.1–27.8) 6.64 (5.50–6.74) 4.18 (3.9–4.82) 0.009*

Simple cyst 2 (2.7%) 0.00 (0.0–0.0) 6.08 (5.3–6.86) 0.00 (0.0–0.0) 0.102

Hydatid cyst 3 (4%) 8.79 (8.1–13.76) 5.77 (5.41–6.86) 1.41 (1.2–2.54) 0.05*

Fatty infiltration 4 (5.3%) 10.3 (8.23–11.32) 5.57 (4.4–6.20) 1.81 (1.7–2.08) 0.021*

Abscess 3 (4%) 12.67 (12.6–12.8) 5.97 (5.83–6.43) 2.12 (1.9–2.21) 0.05*
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these situations, and in Guibal et al. [17], there was a
significant difference found between the elasticity of
HCCs and CCCs (P 00.0004). These distinct differences
in SWE could aid in the differentiation of HCCs and
cholangiocarcinomas. Gerber et al. [19] concluded that
the use of SWE can aid in the differentiation of HCCs
and CCC as the median stiffness of CCC was 70.7, and
there was a significant difference in stiffness compared
to HCC median stiffness value (44.8).
The current study showed similar observations as

cholangiocarcinoma median stiffness value (35.9) was

much higher than that of hepatocellular carcinoma
(17.6).
In this study, the elasticity values of metastases varied

widely depending on the primary tumor type. Colo-
rectal metastases (6 cases) median stiffness value (22.54
kPa) was lower than breast cancer metastases (7 cases)
median stiffness value (26.25 kPa), this is in agreement
with Guibal et al. [17] who reported that mean stiffness
value of metastases from carcinoid tumors (30.7 kPa)
was higher than metastases from gastro-intestinal tract
adenocarcinomas (21.8 kPa).

Fig. 4 Fifty-six years old male patient with chronic liver disease for follow-up abdominal ultrasound. Imaging findings: grey scale B-mode
ultrasonography (a): normal sized cirrhotic liver with a well-defined hyperechoic focal lesion seen in segment VI measuring 5.4 × 5.5 cm with 3.8
cm depth from the skin. ϖ Color-coded shear wave sono-elastography: the lesion (b, c, d) and the parenchyma (e, f, g) showed mixed color with
red foci. ϖ Shear wave sono-elastography stiffness values of the focal lesion: E1 = 17.42 kPa (b), E2 = 17.35 kPa (c), and E3 = 16.57 kPa (d).
Calculated average stiffness value of the lesion = 17.11 kPa. ϖ Shear wave sono-elastography stiffness values of the parenchyma: E1 = 16.12 kPa
(e), E2 = 16.41 kPa (f), and E3 = 16.53 kPa (g). Calculated average stiffness value of the parenchyma = 16.35 kPa. • Lesion/parenchyma stiffness
ratio = 1.04. ϖ Axial contrast enhanced triphasic CT study (arterial (h), portal (i), delayed (j)): average size cirrhotic liver with a well-defined focal
lesion seen in segment VI showing enhancement in the arterial phase and washout in portal and delayed phases. ϖ Diagnosis:
hepatocellular carcinoma
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Lymphoma showed elevated median stiffness value
14.5 kPa comparing to the surrounding liver paren-
chyma 5.8 kPa, and this matches with Park et al. [21],
as lymphoma mean stiffness value was 31.9 kPa, while
the surrounding liver parenchyma mean stiffness
value was 8.7 kPa.
The lesion to parenchyma stiffness ratio may be of a

clinical value in patient with liver fibrosis as, in the
current study: HCC lesion/parenchyma stiffness ratio
was (1.37) lower than cholangiocarcinoma lesion/paren-
chyma stiffness ratio (4.6), and also lower than metasta-
sis lesion/parenchyma stiffness ratio (4.2). This was
attributed to fibrosis in the surrounding hepatic paren-
chyma. These results coping with Park et al. [21] and
De-Wall et al. [29] who reported that regarding stiffness
ratio of FLL to adjacent liver parenchyma, HCC showed
lower ratio than all of other malignant FLLs except

combined HCC-CCC and showed similar ratio value
compared with benign FLLs. This may be attributed to
the liver cirrhosis background in most patients with
HCC.
In this study, the median benign focal lesion stiffness

value (10.68 kPa) was significantly lower than that of ma-
lignant focal lesions (20.22 kPa) with a statistical signifi-
cance P value < 0.001. This matches with Guibal et al.
[17] who reported that the mean value for the benign
focal lesions was 18.53 ± 13.5 kPa and for the malignant
focal lesions was 26.9 ± 18.8 kPa with statistical signifi-
cance P value = 00.01, and matches also with Park et al.
[21] who reported that the malignant focal lesion mean
stiffness value was 60.41 ± 47.81 kPa, while that of be-
nign focal lesions was 22.05 ± 17.24 kPa with statistical
significance P value = 0.0001. Also, this is in agreement
with Gerber et al. [19] results who reported that the

Fig. 5 Forty-four years old female patient with intestinal GIST seeking for metastatic work up. Imaging Findings: grey scale B-mode
ultrasonography (a): normal sized liver with a well-defined hypoechoic focal lesion seen in segment VI measuring 9 × 5.9 cm with 2.6 cm depth
from the skin. ϖ Color-coded shear wave sono-elastography: the lesion showed mixed color with red foci (b, c, d), while the liver parenchyma
showed dark blue color (e, f, g). ϖ Shear wave sono-elastography stiffness values of the focal lesion: E1 = 22.36 kPa (b), E2 = 22.59 kPa (c), and E3
= 23.12 kPa (d). Calculated average stiffness value of the lesion = 22.69 kPa. ϖ Shear wave sono-elastography stiffness values of the parenchyma:
E1 = 5.54 kPa (e), E2 = 5.60 kPa (f), and E3 = 5.43 kPa (g). Calculated average stiffness value of the parenchyma = 5.52 kPa. • Lesion/parenchyma
stiffness ratio = 4.11. ϖ Axial contrast enhanced triphasic CT study (arterial (h), portal (i), delayed (j) phases): normal size liver with a well-defined
focal lesion seen in segment VI showed faint enhancement with central necrotic area. ϖ Pathology: metastasis from GIST. ϖ Diagnosis: metastasis
from GIST
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benign focal lesion median stiffness value was 16.4 and
the malignant focal lesion median stiffness value was 36
with statistically significant P value < 0.0001.
These studies of Guibal et al. [17], Gerber et al. [19],

Park et al. [21], Brunel et al. [30], Ferraioli et al. [31],
and Xie et al. [32] added that the main role of the tech-
nique was to differentiate between adenoma and FNH in
benign category and between HCC and cholangiocarci-
noma in malignant category as the usual radiological im-
aging modalities may have overlap and conflict in
diagnosis between some cases of these categories.
The results of the current study showed that cholan-

giocarcinoma median stiffness value (35.9) was much
higher than that of hepatocellular carcinoma (17.6). Un-
fortunately, the current study did not include adenoma

cases to differentiate between it and FNH, unlike Guibal
et al. [17] study results that included (10 adenoma cases)
with mean stiffness value 9.4 ± 4.3 kPa and (16 FNH
cases) with mean stiffness value 33 ± −14.7 kPa, and
Brunel et al. [30] study that included (57 FNH and 19
adenoma) with mean elasticity value 46.99 ± 31.15 kPa
for FNH and 12.08 ± 10.68 kPa for adenoma.
In this study, the receiver operating characteristic

(ROC) curve of SWE stiffness values for differentiation
of benign from malignant hepatic focal lesions had AUC
= 0.834 and using cutoff value 14.165 kPa, yielding
98.1% sensitivity, 78.3% specificity, and 92% accuracy;
however, in the study of Park et al. [21], the (ROC) curve
showed that using a cutoff value of 30.8 kPa with AUC
0.79, yielding 70.6% sensitivity and 82.4% specificity.

Fig. 6 Thirty-seven years old male patient with non-Hodgkin lymphoma seeking for abdominal ultrasound to exclude abdominal lymphomatous
infiltration. Imaging findings: grey scale B-mode ultrasonography (a): normal sized liver with an ill-defined hypoechoic focal lesion seen in
segment VII measuring 3.1 × 2.3 cm with 5.4 cm depth from the skin. ϖ Color-coded shear wave sono-elastography: the lesion showed yellow
green color (b, c, d), while the liver parenchyma showed dark blue color (e, f, g). ϖ Shear wave sono-elastography stiffness values of the focal
lesion: E1 = 14.27 kPa (b), E2 = 14.51 kPa (c), and E3 = 13.34 kPa (d). Calculated average stiffness value of the lesion = 14.04 kPa. ϖ Shear wave
sono-elastography stiffness values of the parenchyma (e, f, g): E1 = 4.38 kPa (e), E2 = 5.36 kPa (f), and E3 = 4.80 kPa (g). Calculated average
stiffness value of the parenchyma = 4.84 kPa. • Lesion/parenchyma stiffness ratio = 2.90. ϖ Axial contrast enhanced CT study (non-contrast (h),
post contrast (i)): normal size liver with a well-defined hypodense focal lesion seen in segment VII showed faint peripheral enhancement. ϖ
Pathology: lymphoma. ϖ Diagnosis: hepatic lymphomatous infiltration
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This difference in sensitivity may be attributed that there
was a sample size difference between the current study
(75 lesions) and Park et al. [21] study (136 lesions).

The current study had some limitations
1-Relatively small sample size (75 cases)
2-Failure of SWE acquisitions in left liver lobe focal le-

sions because of excess tissue movement due to cardiac
and respiratory motion and failure in right liver lobe

focal lesions with depth greater than 6 cm from the skin
because of the lesion location beyond the penetration
limits of shear waves. These are the same limitations en-
countered in conventional ultrasound as mentioned by
Guibal et al. [17] and Park et al. [21]. This point needs
further assessment.
3-This study is missing some categories (e.g., adenoma

and focal fatty sparing) or containing small number of
some other categories (e.g., hydatid cyst (3 cases),

Fig. 7 (example of left lobe focal lesion): 55 years old male patient with chronic liver disease under follow up abdominal ultrasound. Imaging
findings: grey scale B-mode ultrasonography (a): shrunken cirrhotic liver with a well-defined hyperechoic focal lesion seen in left lobe measuring
4.5 × 4.1 cm with 3.6 cm depth from the skin. ϖ Color-coded shear wave sono-elastography: the lesion (b, c, d) and parenchyma (e, f, g) showed
variable colors in the three acquisitions. ϖ Shear wave sono-elastography stiffness values of the focal lesion: the lesion showed variable stiffness
values in the three acquisitions. E1 = 18.59 kPa (b), E2 = 8.67 kPa (c), and E3 = 12.18 kPa (d). Calculated average stiffness value of the three
acquisitions = 13.14 kPa. ϖ Shear wave sono-elastography stiffness values of the parenchyma: the parenchyma showed variable stiffness values in
the three acquisitions. E1 = 15.86 kPa (e), E2 = 11.13 kPa (f), and E3 = 19.27 kPa (g). Calculated average stiffness value of the three acquisitions =
15.42 kPa. • Lesion/parenchyma stiffness ratio = 0.89. ϖ Axial contrast enhanced triphasic CT study (arterial (h), portal (i), delayed (j)): shrunken
cirrhotic liver with a well-defined focal lesion seen in left lobe showed enhancement in the arterial and portal phases with washout in delayed
phase. ϖ Diagnosis: left lobe HCC

Table 6 Diagnostic accuracy of SWE stiffness values for differentiation of benign from malignant hepatic focal lesions based on ROC
curve

AUC 95% CI P value Cutoff Sensitivity Specificity PPV NPV Accuracy

0.834 0.71–0.97 < 0.001 14.165 98.1% 78.3 91.1 94.7 92%

AUC area under the curve, CI confidence interval, PPV positive predictive value, NPV negative predictive value
ROC curve for diagnostic accuracy of SWE stiffness values for differentiation of benign from malignant hepatic focal lesions
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abscess (3), focal fatty infiltration (4), cholangiocarci-
noma (4), and FNH (5)).

Recommendations
Further large scale research is needed to assess the use
of shear wave sono-elastography to help in differenti-
ation between malignant and benign hepatic focal
lesions.

Conclusion
Although SWE is a recent technique, which needs more
evaluation and several researches are needed to assess its
use as an alternative to liver biopsy and other radio-
logical imaging techniques, its initial results are promis-
ing as described in the current study. Shear wave
elastography is a useful technique with high sensitivity
and accuracy in differentiating benign form malignant
liver focal lesions as the results demonstrated that malig-
nant lesion stiffness values were higher comparable to
the benign lesions values.
The technique shows promising results in individual

characterization of some malignant (HCC and CCC) and
benign hepatic focal lesion (FNH from other benign le-
sions) (for further research).
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