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Abstract 
Background: Accurate differentiation of focal liver lesions (FLLs) is crucial for management, 
yet conventional ultrasound, CT, and MRI may not reliably separate benign from malignant 
lesions. Ultrasound elastography quantifies tissue stiffness and may improve non-invasive 
lesion characterization. This study evaluated the diagnostic performance of strain and 
shear-wave elastography parameters for distinguishing benign from malignant FLLs in a 
prospective cohort of 159 patients. 
Materials and Methods: Consecutive adults with at least one FLL on prior imaging underwent 
B-mode ultrasound followed by strain and shear-wave elastography using a convex 3.5 MHz 
transducer. For each lesion, stiffness (kPa), stiffness ratio (lesion:liver), shear wave velocity 
(SWV, m/s), and strain ratio were obtained from multiple high-quality measurements, and final 
diagnosis was established by histopathology or characteristic multimodality imaging. Group 
differences were analysed and receiver operating characteristic curves with Youden index were 
used to define optimal cut-offs, sensitivity, and specificity. 
Results: Among 159 lesions, 124 (78.0%) were malignant and 35 (22.0%) were benign. 
Malignant lesions had higher mean stiffness (34.35 vs 10.27 kPa), stiffness ratio (3.71 vs 1.47), 
SWV (2.55 vs 1.58 m/s), and strain ratio (3.48 vs 1.15) compared with benign lesions. Optimal 
thresholds yielded sensitivities/specificities of 83.1%/100.0% for stiffness (19.08 kPa), 
87.9%/88.6% for SWV (2.08 m/s), 67.7%/97.1% for stiffness ratio (2.37), and 100.0%/100.0% 
for strain ratio (2.23). 
Conclusion: Quantitative strain and shear-wave elastography provide robust complementary 
information for FLL characterization, with marked stiffness differences between benign and 
malignant lesions. The excellent diagnostic performance of strain ratio and SWV supports 
routine integration of elastography into liver ultrasound to enhance risk stratification and 
potentially reduce unnecessary liver biopsies. 
Keywords: focal liver lesions, ultrasound elastography, strain elastography, shear-wave 
elastography, liver stiffness, shear wave velocity, strain ratio, stiffness ratio, benign, malignant, 
non-invasive diagnosis. 
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Introduction  
Focal liver lesions are frequently 
encountered in everyday radiology practice 
and encompass a broad spectrum ranging 
from innocuous benign entities, such as 
hemangioma and focal nodular hyperplasia, 
to primary and secondary malignancies, 
including hepatocellular carcinoma and 
metastases[1,2]. Distinguishing benign 
from malignant lesions is critical because it 
directly influences decisions regarding 
surveillance, locoregional therapy, surgery, 
and systemic treatment. Although 
ultrasound, computed tomography, and 
magnetic resonance imaging provide 
detailed anatomical and vascular 
information, overlap in morphologic and 
enhancement features can still lead to 
indeterminate findings that necessitate 
biopsy [3,4]. Ultrasound elastography has 
emerged as a non-invasive technique that 
assesses tissue mechanical properties by 
measuring deformation (strain) or 
shear-wave propagation speed. Malignant 
lesions typically demonstrate increased 
stiffness compared with surrounding liver 
and benign masses, owing to higher cellular 
density, fibrosis, and stromal remodeling. 
Both strain elastography and shear-wave 
elastography (SWE) are now available on 
modern ultrasound platforms, allowing 
real-time integration of stiffness 
information with gray-scale imaging[5,6]. 
Recent guidelines and clinical studies have 
highlighted the potential of elastography to 
improve liver lesion characterization and 
reduce the need for invasive procedures. 
However, reported performance metrics, 
optimal cut-off values, and the relative 
utility of different elastography parameters 
(stiffness, SWV, strain ratio, stiffness ratio) 
vary across centres and equipment. There 
remains a need for centre-specific data that 
reflect real-world case mix and acquisition 
protocols, particularly in settings with a 
high prevalence of chronic liver disease and 
metastases[7,8]. 
The present prospective study was 
undertaken to evaluate the diagnostic value 

of quantitative ultrasound elastography in a 
159-patient cohort with focal liver lesions. 
Using histopathology and established 
imaging criteria as the reference standard, 
we aimed to compare elastography metrics 
between benign and malignant lesions, 
derive optimal diagnostic thresholds, and 
explore lesion-specific stiffness profiles 
across common histological subtypes. 

Materials and Methods  
This prospective observational study was 
conducted in the Department of 
Radio-diagnosis over a one-year period, 
from April   2022 to November  2022, after 
institutional ethics committee approval and 
written informed consent from all 
participants. The study was designed to 
evaluate the diagnostic performance of 
ultrasound elastography in differentiating 
benign from malignant focal liver lesions 
(FLLs), using histopathology or accepted 
imaging criteria as the reference standard. A 
total of 159 consecutive patients referred 
for evaluation of focal liver lesions formed 
the study cohort. 

Patients were eligible if they were 20–80 
years of age, of either sex, and had at least 
one focal liver lesion identified on prior 
ultrasound, CT, or MRI. Exclusion criteria 
included pregnancy or lactation, previously 
treated focal liver lesions, gross ascites 
significantly limiting acoustic window, 
simple hepatic cysts, and inability to 
cooperate with breath-holding or positional 
instructions during scanning. Demographic 
details, relevant clinical history (including 
underlying chronic liver disease, 
malignancy, or known primary tumour), 
and prior imaging results were recorded 
before the examination. 
All examinations were performed on the 
same high-end ultrasound system equipped 
with both strain elastography and 
shear-wave elastography capabilities, using 
a 3.5 MHz convex transducer. Patients were 
scanned in the supine or slight left lateral 
decubitus position with the right arm 
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maximally abducted to widen the 
intercostal spaces. A conventional B-mode 
survey was first performed to confirm 
lesion location, size, depth, and relationship 
to major vessels and the diaphragm. Only 
lesions that could be reliably visualized and 
insonated with an adequate acoustic 
window were included in the elastography 
analysis[10]. 
Shear-wave elastography (SWE) was 
performed before strain elastography to 
avoid alterations in tissue characteristics 
due to repeated compression. The probe 
was placed intercostally with minimal 
pressure, and a region of interest (ROI) was 
positioned entirely within the solid portion 
of the lesion, avoiding visible necrosis, 
calcification, or major vessels. For each 
lesion, five technically acceptable SWE 
measurements were obtained during 
suspended respiration at shallow 
inspiration; measurements with low 
stability indices or obvious artefacts were 
discarded. Stiffness was recorded in 
kilopascals (kPa), and the corresponding 
shear-wave velocity (SWV) in meters per 
second (m/s) was documented. A second 
ROI was placed in adjacent visually normal 
liver parenchyma at a similar depth to 
calculate stiffness ratio (lesion:liver)[11]. 

Strain elastography was then carried out in 
the same imaging plane. Light, rhythmic 
vertical compression–decompression was 
applied with the transducer, maintaining the 
lesion and surrounding liver within the 
elastography box. A quality indicator 
provided feedback on the adequacy and 
uniformity of compression. Strain values 
were measured in a small ROI within the 
lesion and a reference ROI in nearby 
normal liver. Strain ratio was calculated 
automatically as the ratio of reference liver 
strain to lesion strain, yielding a 
dimensionless index of relative stiffness. 
For each lesion, three technically 

satisfactory strain measurements were 
obtained and averaged. 

Histopathological confirmation was 
obtained by ultrasound-guided core biopsy, 
surgical resection, or prior histology from a 
known primary malignancy in cases of 
typical metastases. Lesions with classical, 
concordant imaging features of 
hemangioma or FNH on ultrasound and 
cross-sectional imaging were accepted as 
benign without biopsy when invasive 
procedures were not clinically indicated. 
Each lesion was finally classified as benign 
or malignant and further subtyped 
(metastasis, hepatocellular carcinoma, 
cholangiocarcinoma, hemangioma, focal 
nodular hyperplasia).  
All elastography measurements and 
classifications were entered into a 
structured database. Continuous variables 
(stiffness, stiffness ratio, SWV, strain ratio) 
were summarized as mean ± standard 
deviation, and categorical variables as 
counts and percentages. Group 
comparisons between benign and malignant 
lesions were planned using appropriate 
parametric or non-parametric tests 
depending on data distribution, with a 
significance threshold of p < 0.05. Receiver 
operating characteristic (ROC) analysis 
was pre-specified to determine optimal 
cut-off values for each elastography 
parameter using the Youden index, and to 
derive sensitivity and specificity for 
malignancy. Lesion-specific mean stiffness 
and SWV were also calculated to explore 
patterns across histological subtypes. 
Result  

Among 159 focal liver lesions, 124 (78.0%) 
were malignant and 35 (22.0%) were 
benign. Malignant lesions were 
predominantly metastases and HCC, while 
benign lesions were mainly hemangiomas, 
with a smaller proportion of FNH. 
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Table 1: Distribution of focal liver lesions (n = 159) 
Lesion type Malignant n (%) Benign n (%) 
Metastasis 66 (41.5) 0 (0.0) 
HCC 48 (30.2) 0 (0.0) 
Cholangiocarcinoma 10 (6.3) 0 (0.0) 
Hemangioma 0 (0.0) 29 (18.2) 
FNH 0 (0.0) 6 (3.8) 
Total 124 (78.0) 35 (22.0) 

 
In keeping with previous Indian and international series, metastases formed the single largest 
group of malignant lesions, followed by HCC and cholangiocarcinoma, whereas hemangioma 
dominated the benign spectrum. 
 

 
Figure 1: Lesion type distribution 

 
A clustered bar chart should depict lesion types on the x-axis (Metastasis, HCC, 
Cholangiocarcinoma, Hemangioma, FNH) and case counts on the y-axis, with separate bars 
for malignant and benign lesions, highlighting the complete separation of malignant and benign 
entities by histology. 

Elastography parameters: benign versus malignant 
Malignant lesions demonstrated substantially higher stiffness-related metrics than benign 
lesions. The separation was most pronounced for strain ratio and SWV, mirroring contemporary 
elastography literature. 
 

Table 2: Elastography parameters in benign and malignant focal liver lesions 
Parameter Benign mean ± SD Malignant mean ± SD 
Stiffness value (kPa) 10.27 ± 4.24 34.35 ± 15.93 
Stiffness ratio 1.47 ± 0.65 3.71 ± 2.52 
SWV (m/s) 1.58 ± 0.47 2.55 ± 0.46 
Strain ratio 1.15 ± 0.53 3.48 ± 0.51 

 
On average, malignant lesions were over three times stiffer than benign lesions (34.35 vs 10.27 
kPa), with parallel increases in stiffness ratio and SWV. Strain ratio showed the tightest 
clustering and the clearest gap between benign and malignant groups, consistent with prior 
reports identifying it as a highly discriminatory parameter. 
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Figure 2: elastography parameters 

 
(A) stiffness value, (B) stiffness ratio, (C) 
SWV, and (D) strain ratio, displaying 
medians, interquartile ranges, and whiskers, 
with malignant distributions shifted upward 
for all parameters. Box plots of 
elastography parameters comparing benign 
and malignant focal liver lesions  

Diagnostic performance (ROC-based 
thresholds): Receiver operating 

characteristic analysis with Youden index 
optimization was used to determine 
parameter cut-offs for malignancy.  

Strain ratio achieved perfect separation, 
while SWV provided the best balance of 
sensitivity and specificity among single 
stiffness metrics, broadly in line with recent 
SWE-based diagnostic work. 

 
Table 3: Diagnostic performance of elastography parameters (n = 159) 

Parameter Optimal cut-off Sensitivity (%) Specificity (%) 
Stiffness value (kPa) 19.08 83.1 100.0 
Stiffness ratio 2.37 67.7 97.1 
SWV (m/s) 2.08 87.9 88.6 
Strain ratio 2.23 100.0 100.0 

 
At a stiffness cut-off of 19.08 kPa, 
malignant lesions were detected with 
83.1% sensitivity and 100% specificity, 
indicating that lesions above this threshold 
were uniformly malignant in this cohort. 
SWV at 2.08 m/s provided 87.9% 
sensitivity and 88.6% specificity, while 
stiffness ratio prioritized specificity 

(97.1%) at the expense of moderate 
sensitivity. Strain ratio of 2.23 perfectly 
discriminated malignant from benign 
lesions (100% sensitivity and 100% 
specificity), echoing earlier reports that 
emphasize its central role in focal liver 
lesion characterization. 
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Figure 3: ROC curves for elastography parameters 

An ROC figure should display four curves 
on the same axes (stiffness, stiffness ratio, 
SWV, strain ratio), with the y-axis 
representing sensitivity and the x-axis 1 − 
specificity; the curve for strain ratio would 
lie closest to the upper left corner, reflecting 
its superior diagnostic performance in the 
2022 dataset. ROC curves of stiffness, 
stiffness ratio, SWV, and strain ratio in 
differentiating malignant from benign 
lesions  

Lesion-specific stiffness and SWV 
profiles: When analyzed by histological 
subtype, malignant lesions (metastases, 
HCC, cholangiocarcinoma) demonstrated 
consistently high stiffness and SWV, 
whereas benign lesions (hemangioma, 
FNH) remained in a distinctly lower range. 
This gradient in viscoelastic properties 
parallels contemporary work integrating 
viscoelastic imaging and SWE for lesion 
characterization. 

 
Table 4: Lesion-specific mean stiffness and SWV 

Lesion type Stiffness value (kPa) SWV (m/s) 
Metastasis 34.22 2.54 
HCC 34.36 2.57 
Cholangiocarcinoma 35.14 2.54 
Hemangioma 10.09 1.63 
FNH 11.13 1.31 

 
Metastatic deposits, HCC, and cholangiocarcinoma all clustered around 34–35 kPa with SWV 
roughly 2.5–2.6 m/s, underscoring their uniformly firm viscoelastic behavior. Hemangiomas 
and FNH, by contrast, showed stiffness around 10–11 kPa and SWV between 1.3 and 1.6 m/s, 
yielding a robust benign “soft” profile that is well separated from the malignant range. 
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Figure 4: Lesion-type stiffness and SWV 

 
A clustered bar chart should illustrate, for 
each lesion type, two adjacent bars 
corresponding to mean stiffness (kPa) and 
SWV (m/s), making the stiffness and 
velocity gap between malignant and benign 
histologies immediately apparent. 
Discussion  

Ultrasound elastography has emerged as a 
powerful adjunct to conventional 
ultrasound for characterizing focal liver 
lesions, and the present 159-patient cohort 
reinforces this role using both strain and 
shear-wave–based metrics. The clear 
separation of benign and malignant lesions 
seen in this study, particularly for strain 
ratio and shear wave velocity, supports 
incorporating elastography into routine 
liver lesion work-up rather than reserving it 
only for difficult cases. The predominance 
of metastases and HCC among malignant 
lesions, and hemangioma among benign 
lesions, reflects the expected clinical 
spectrum in a tertiary setting and provides a 
realistic test bed for evaluating 
elastography performance[12,13]. Across 
all measured parameters, malignant lesions 
demonstrated substantially higher stiffness 
than benign lesions. Mean stiffness values 
in the mid-30 kPa range for malignant 
lesions contrasted sharply with values 
around 10–11 kPa for hemangiomas and 

FNH, illustrating the mechanical 
consequences of increased cellularity, 
fibrosis, and architectural distortion in 
malignant tissue. A similar pattern was 
observed for SWV and stiffness ratio, 
indicating that the observed differences 
were not dependent on a single 
elastographic index. Such concordance 
between multiple elastography metrics 
strengthens the biological plausibility of the 
findings and reduces the likelihood that 
they are due to technical artefacts or 
sampling variability[14,15]. 

The diagnostic analysis highlights two key 
points for clinical practice. First, a stiffness 
threshold around 19 kPa offered a good 
compromise between sensitivity and 
specificity, with no benign lesions 
exceeding this value in the current series. 
This suggests that lesions markedly stiffer 
than this cut-off have a high probability of 
malignancy and may warrant histological 
confirmation or more aggressive 
management. Second, strain ratio and SWV 
demonstrated excellent discriminatory 
performance, with strain ratio in particular 
achieving perfect sensitivity and specificity 
at a cut-off slightly above 2.2. Although 
such ideal performance must be interpreted 
cautiously and validated in independent 
cohorts, it indicates that strain-based 
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assessment, when properly standardized, 
can be a highly dependable tool for 
distinguishing malignant from benign focal 
liver lesions[16,17]. 

Lesion-specific analysis further refines 
these observations. Metastases, HCC and 
cholangiocarcinoma all clustered tightly in 
a high-stiffness, high-SWV range, 
suggesting that, from a mechanical 
perspective, they behave similarly despite 
their different histologies[18] In contrast, 
hemangiomas and FNH consistently 
exhibited lower stiffness and SWV, forming 
a clearly separated benign “soft cluster.” 
This separation is clinically meaningful: a 
lesion with typical benign imaging features 
and elastographic values within this soft 
range could be followed non-invasively in 
many patients, whereas a morphologically 
indeterminate lesion that falls squarely 
within the malignant stiffness range should 
prompt biopsy or cross-sectional 
imaging[19,20]. 
Despite these strengths, several limitations 
should be acknowledged. The dataset 
represents a single-centre experience with a 
fixed scanner platform and preset 
acquisition protocol, so external 
generalizability may be limited. The 
number of some lesion subtypes, such as 
cholangiocarcinoma and FNH, was 
relatively small, which may restrict the 
precision of lesion-specific estimates.  
In addition, background liver stiffness, 
especially in cirrhotic patients, can 
influence absolute values and should be 
considered when interpreting borderline 
cases. Future work should aim to validate 
these cut-off values in larger, multi-centre 
cohorts, explore integration with 
contrast-enhanced ultrasound or MRI, and 
assess how elastography-guided decision 
algorithms affect biopsy rates and patient 
outcomes. 

Conclusion  
Current study of  elastography adds robust, 
quantitative information to the 
characterization of focal liver lesions. The 

marked stiffness differences between 
benign and malignant lesions, the strong 
performance of strain ratio and SWV, and 
the consistent lesion-specific patterns all 
support using elastography as a routine 
component of liver ultrasound, with the 
potential to reduce unnecessary biopsies 
and streamline clinical decision-making. 

Reference  
1. Hartung EA, Wen J, Poznick L, Furth 

SL, Darge K. Ultrasound elastography 
to quantify liver disease severity in 
autosomal recessive polycystic kidney 
disease. J Pediatr. 2019;209:107-
115.e5. 

2. Navin PJ, Venkatesh SK. 
Hepatocellular carcinoma: state of the 
art imaging and recent advances. J Clin 
Transl Hepatol. 2019;7:72-85. 

3. Sporea I, Săndulescu DL, Şirli R, 
Popescu A, Danilă M, Spârchez Z, et al. 
Contrast-enhanced ultrasound for the 
characterization of malignant vs. benign 
focal liver lesions in a prospective 
multicenter experience-SRUMB study. 
J Gastrointestin Liver Dis. 
2019;28:191-196. 

4. Byenfeldt M, Elvin A, Fransson P. On 
patient related factors and their impact 
on ultrasound-based shear wave 
elastography of the liver. Ultrasound 
Med Biol. 2018;44:1606-1615. 

5. Ferraioli G, Wong VW, Castera L, 
Berzigotti A, Sporea I, Dietrich CF, et 
al. Liver ultrasound elastography: an 
update to the world federation for 
ultrasound in medicine and biology 
guidelines and recommendations. 
Ultrasound Med Biol. 2018;44:2419-
2440. 

6. Lu Y, Liu B, Zheng Y, Luo J, Zhang X, 
Huang G, et al. Application of real-time 
three-dimensional contrast-enhanced 
ultrasound using SonoVue for the 
evaluation of focal liver lesions: a 
prospective single-center study. Am J 
Transl Res. 2018;10:1469-1480. 

7. Dong Y, Mao F, Cao J, Fan P, Wang 
WP. Characterization of focal liver 



International Journal of Current Pharmaceutical Review and Research                                          ISSN: 0976-822X 

Priyadarshini et al.                  International Journal of Current Pharmaceutical Review and Research 

120 

lesions indistinctive on B mode 
ultrasound: benefits of contrast-
enhanced ultrasound. Biomed Res Int. 
2017;2017:8970156. 

8. Hahn S, Lee YH, Lee SH, Suh JS. 
Value of the strain ratio on ultrasonic 
elastography for differentiation of 
benign and malignant soft tissue 
tumors. J Ultrasound Med. 
2017;36:121-127. 

9. Jeong JY, Sohn JH, Sohn W, Park CH, 
Kim TY, Jun DW, et al. Role of shear 
wave elastography in evaluating the risk 
of hepatocellular carcinoma in patients 
with chronic hepatitis B. Gut Liver. 
2017;11:852-859. 

10. Kachramanoglou C, Rafailidis V, 
Philippidou M, Bertolotto M, Huang 
DY, Deganello A, et al. 
Multiparametric sonography of 
hematologic malignancies of the testis: 
grayscale, color doppler, and contrast-
enhanced ultrasound and strain 
elastographic appearances with 
histologic correlation. J Ultrasound 
Med. 2017;36:409-420. 

11. Ma Y, Zhang S, Li J, Li J, Kang Y, Ren 
W. Comparison of strain and shear-
wave ultrasonic elastography in 
predicting the pathological response to 
neoadjuvant chemotherapy in breast 
cancers. EurRadiol. 2017;27:2282-
2291. 

12. Popescu A, Moga TV, Ivascu C. 
Contrast enhanced ultrasound, the first 
step in the evaluation of focal liver 
lesions. Ultrasound Med Biol. 
2017;43:S51. 

13. Bartolotta TV, Vernuccio F, Taibbi A, 
Lagalla R. Contrast-enhanced 
ultrasound in focal liver lesions: where 

do we stand? Semin Ultrasound CT 
MR. 2016;37:573-586. 

14. Chaubal N, Joshi M, Bam A, Chaubal 
R. Contrast-enhanced ultrasound of 
focal liver lesions. Semin Roentgenol. 
2016;51:334-357. 

15. Bernardo S, Konstantatou E, Huang 
DY, Deganello A, Philippidou M, 
Brown C, et al. Multiparametric 
sonographic imaging of a capillary 
hemangioma of the testis: appearances 
on gray-scale, color Doppler, contrast-
enhanced ultrasound and strain 
elastography. J Ultrasound. 
2015;19:35-39. 

16. Zhang Y, Luo L, Luo Q. Identification 
of benign and malignant endometrial 
cancer with transvaginal 
ultrasonography combined with 
elastography and tissue hardness 
analysis. J BiolRegulHomeost Agents. 
2015;29:905-912. 

17. Kudo M. Prediction of hepatocellular 
carcinoma incidence risk by ultrasound 
elastography. Liver Cancer. 2014;3:1-5. 

18. Thakur S, Jhobta A, Dhiman DS, Sood 
RG. Role of contrast enhanced 
ultrasound in characterization of focal 
liver lesions. Egypt J RadiolNucl Med. 
2014;45:7-17. 

19. Frulio N, Trillaud H. Ultrasound 
elastography in liver. DiagnInterv 
Imaging. 2013;94:515-534. 

20. Hohmann J, Skrok J, Basilico R, Jennett 
M, Müller A, Wolf KJ, et al. 
Characterisation of focal liver lesions 
with unenhanced and contrast enhanced 
low MI real time ultrasound: on-site 
unblinded versus off-site blinded 
reading. Eur J Radiol. 2012;81:e317-
e324. 

 


