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INTRODUCTION 

Liver cancer is the third most common cause of cancer 

mortality worldwide.1 There are many risks factors 

predisposing to liver malignancy including most 

commonly being infection of hepatitis virus, exposure to 

aflatoxin, alcohol, and cigarette consumption.2 A precise 

evaluation of benign and malignant liver lesions is very 

important for the patients. Liver biopsy has been used to 

differentiate malignant lesions from the benign ones. Yet, 

biopsy can lead to several complications, including 

bleeding, owing to liver dysfunction, challenges in tumour 

targeting, and tumour seeding.3 Consequently, certain non-

invasive methods are used worldwide in the evaluation of 
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ABSTRACT 

 

Background: Liver cancer is the third most common cause of cancer mortality worldwide. A precise evaluation of 

benign and malignant liver lesions is very important for the patients.  In the present study, we aim to evaluate the use 

of SWE in the differentiation of malignant from benign focal liver lesions and to determine the SWE characteristics of 

common liver lesions as compared to multiphasic computed tomography (CT) scan. 

Methods: Diagnostic test evaluation observational study where sensitivity, specificity, PPV and NPV of both modalities 

2D SWS and multiphase contrast-enhanced-computed tomography (CECT) are compared. 63 patients with focal liver 

lesions were evaluated by both modalities with HPE as gold standard. 

Results: Overall sensitivity, specificity, PPV, NPV and accuracy of multiphasic CECT is 89.74%, 50.00%, 10.28%, 

99.39% and 98.71% respectively. Overall sensitivity, specificity, PPV, NPV and accuracy of 2D SWS is 94.59%, 

56.25%, 12.13%, 99.39% and 58.55% respectively. 

Conclusions: 2D SWS is a useful modality and is capable of evaluating stiffness changes in the liver associated with 

solid focal liver lesions, which helps in distinguishing benign from malignant lesions and also in their sub-

categorization, i.e., differentiating focal nodular hyperplasia from hemangioma and differentiating hepatocellular 

carcinoma, with high sensitivity and accuracy.  Overall performance of both CECT and 2D SWS did not show much 

difference statistically. However, both modalities complement each other and shortcoming of one modality can be 

overcome with the help of other thereby leading to better diagnostic evaluation. 
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liver lesions. Imaging techniques, such as ultrasound (US), 

CT, magnetic resonance imaging (MRI), and enhanced 

ultrasound (EUS) have been used to detect liver lesions, 

recent days. Multiphasic CECT is the most commonly 

used imaging modality to characterize and define extent of 

disease in liver. Side effects are need to administer iodine 

contrast and radiation exposure which may be the limiting 

factor in patients with deranged renal profile. MRI a non-

radiation modality can also characterize liver lesions but 

limitations include long imaging times and motion 

artifacts. Owing to the technological and clinical limitation 

of these methods, it is still an unknown problem to develop 

a method to diagnose liver cancer non-invasively, 

practically, and easily.4 Compared with normal 

surrounding liver tissues, the malignant tissues are 

generally harder. Utilizing this very property of malignant 

tissue measuring, tissue elasticity measurement might 

contribute to the diagnosis of different pathologic 

changes.6,7 Elastography, is a non-invasive method, which 

can reveal this property of a tissue, has been developed as 

an alternative to liver biopsy. Conventional imaging 

techniques do not provide information on tissue 

mechanical properties, although its stiffness may vary 

considerably. Elastography which is also known as virtual 

palpation was developed in the 1990s to map tissue 

stiffness, and replaces the palpation performed by 

clinicians. Nowadays, it is widely used for diagnostics of 

different diseases.7 Elastography gives a new aspect in the 

diagnostic algorithm of the conventional ultrasound 

examination, by adding the liver stiffness quantification.8-

11 Tumors, especially malignant ones, are generally stiffer 

than the normal surrounding tissue. Several elastographic 

approaches have been developed, such as transient 

elastography, strain imaging, magnetic resonance 

elastography (MRE) and SWE.12-15 The last one includes 

point shear wave elastography (pSWE) and 2D-SWE. 

SWE measures the speed of the shear waves generated into 

the tissue when an external force is applied. It assesses a 

tissue's inherent tendency to revert to its original shape and 

size following deformation. Two-dimensional shear-wave 

elastography technique allows real-time measurements of 

liver stiffness over a larger region of interest, resulting in 

a significantly larger sampling volume and in which a 

color-coded elastogram is obtained.16-19 SWE generates 

shear waves at a tissue focal point, where wave velocity 

estimates tissue stiffness. It delivers an organ's local 

kilopascal evaluation (kPa). Its key advantages are 

reproducibility, operator independence, greater spatial 

resolution, and quantitative stiffness evaluation without 

human compression artifacts.20-23 In the last few years, 

pSWE and 2D SWE have become more popular. It has 

been initially used to detect not only for lesions of 

superficial organs, such as the thyroid gland, breast, and 

prostate gland, but also for staging of liver fibrosis.24,25 

Liver lesions are a common finding in sonography 

sometimes even on routine abdominal sonography and 

there is need of non-invasive, non-radiation technique to 

differentiate benign from malignant lesions. Recently, a 

series of studies have assessed the accuracy of 

elastography in the differential diagnosis of benign and 

malignant liver lesions and compared it to liver biopsy, 

with sensitivity ranging from 68-95.5% and specificity 

ranging from 69-92.2%.26,27 In the present study, our 

objective is to evaluate the use of SWE in the 

differentiation of malignant from benign focal liver lesions 

and to determine the SWE characteristics of common liver 

lesions which may help to differentiate malignant from 

benign lesions as compared to multiphasic CT scan. 

Aim 

The aim of this study is to assess the ability of ultrasound 

SWE, which is a type of stiffness-based imaging, to 

differentiate focal liver lesions into malignant or benign as 

compared to multiphasic CT scan with histopathology 

(HPE) as gold standard. 

Objectives 

Primary objectives were to differentiate benign from 

malignant hepatic lesions on ultrasound elastography as 

compared to multiphasic CT scan with HPE as gold 

standard as compared to HPE. 

Secondary objectives were to identify various cut-off 

values on USG elastography in differentiating benign from 

malignant masses as compared to HPE. 

METHODS  

Study type 

Prospective observational study in a tertiary care teaching 

hospital (Command Hospital Kolkata). The study was 

done for a period of 02 years from April 2023-March 2025.  

Patients are selected based on inclusion and exclusion 

criteria as mentioned below. 

Inclusion criteria 

Feasibility of ultrasound elastography in a focal liver 

lesion detected using conventional ultrasound and with 

following characteristics, distance from skin surface to 

centre of lesion <8 cm, lesion diameter >1 cm, in patient 

with multiphasic liver CT as part of routine diagnostic 

evaluation were included in the study. 

Exclusion criteria 

History of chemotherapy or local treatment, such as trans 

catheter arterial chemoembolization and ablation, distance 

of lesion from heart or large vessels <0.5 cm and in 

patients with confirmed HPE report not available were 

excluded from the study. 

Procedure of study in detail 

All studied patients were subjected to the following: 2D 

Grey-scale ultrasound; Ultrasound elastography using a 
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semi quantitative technique to compare the stiffness of the 

lesion to that of the surrounding liver parenchyma. A green 

signal on the right side of the image is an indicator of 

adequate tissue sampling. Triphasic MDCT of the liver to 

further characterize the hepatic lesions; Patient undergoing 

biopsy as part of diagnostic evaluation and in whom a 

definite HPE report is available. 

Ethical clearance 

The study proposal along with other relevant documents 

would be submitted to the institutional ethical committee 

for review and approval. The study commenced only after 

obtaining the approval of Institutional ethical committee 

the approval is obtained in writing.  Written informed 

consent was taken from all the patients prior to their 

participation in study. The patient has the right to refuse in 

participation in study without affecting his clinical 

management in any form. 

Statistical analysis 

Sample size formula n=[z2×p×(1-p)]/e2  

Z is the z score (Z for CI of 95% is 1.96), e is the margin 

of error (for CI of 95% margin of error is taken as 5%), n 

is the sample size, p is the population proportion 

(proportion of liver lesions in global population was 15%). 

As per the statistical calculation the sample size calculated 

from the WHO formula is 59. 

For statistical analysis data were entered into a Microsoft 

excel spreadsheet and then analyzed by SPSS (version 

27.0; SPSS Inc., Chicago, IL, USA) and GraphPad Prism 

version 5. Data had been summarized as mean and 

standard deviation for numerical variables and count and 

percentages for categorical variables. Two-sample t-tests 

for a difference in mean involved independent samples or 

unpaired samples. Paired t-tests were a form of blocking 

and had greater power than unpaired tests. A chi-squared 

test (χ2 test) was any statistical hypothesis test wherein the 

sampling distribution of the test statistic is a chi-squared 

distribution when the null hypothesis is true. Without other 

qualification, 'chi-squared test' often is used as short for 

Pearson's chi-squared test. Unpaired proportions were 

compared by Chi-square test or Fischer’s exact test, as 

appropriate. The 2×2 table is also used to determine 

sensitivity and specificity, PPV and NPV of both tests. 

RESULTS 

In our study comprising of 63 patients, 10 patients (15.9%) 

were in the age group of 31-40 years. The 41-50 years age 

group comprised 9 patients (14.3%). A total of 13 patients 

(20.6%) belonged to the 51-60 years age group, while the 

largest proportion was observed in the 61-70 years age 

group with 21 patients (33.3%). Patients aged more than 

70 years accounted for 10 individuals (15.9%). In our 

study, 18 patients (28.6%) were female, while 45 patients 

(71.4%) were male. 

Table 1: Frequency of focal lesions in the study. 

CT scan N 

Abscess 5 

Hemangioma 3 

Metastasis 15 

CLD with HCC 10 

CLD with regenerative nodule 1 

FNH 2 

Giant hemangioma 1 

Unifocal HCC in normal liver 18 

Multifocal HCC 3 

Complex cyst 4 

Simple cyst 1 

Total 63 

Multiphasic CECT could detect lesions in all 63 patients. 

Based on the imaging criteria 44 lesions were 

characterized as malignant and 19 lesions as benign. Most 

commonly characterized lesion is HCC in 31 patients 

(unifocal HCC in normal background liver in 18 patients, 

multifocal HCC in 3 patients, HCC in the setting of 

cirrhotic liver in 10 patients) followed by metastasis in 15 

patients. In the benign category the most common being 

liver abscess in 05 patients followed by complex cyst in 04 

patients and hemangioma in 04 patients, FNH in 02 

patients, CLD with regenerative nodule in 01 patient and 

simple cyst in 01 patient (Table 1). Multiphasic CECT 

mis-diagnosed a total of 09 benign cases as malignant, 

namely 03 cases of atypical hemangioma as HCC, 02 cases 

of chronic granulomatous lesions as malignant, 02 cases of 

FNH as malignant and 02 cases of complex cysts as 

malignant.  Overall sensitivity, specificity, PPV, NPV and 

accuracy of multiphasic CECT is 89.74%, 50.00%, 

10.28%, 99.39% and 98.71% respectively (Table 2 and 3). 

Table 2: 2×2 table of CECT in focal liver lesions 

malignant vs benign. 

Negativity  
Disease 

present 

Disease 

absent 
Total 

Positive  35 9 44 

Negative 4 9 13 

Total 39 18 57 
*Prevalence of disease is 6%. 

Table 3: 2×2 table of 2D SWS in focal liver lesions 

malignant vs benign. 

Negativity  
Disease 

present 

Disease 

absent 
Total 

Positive  35 7 42 

Negative 2 9 11 

Total 37 16 53 
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In 2D SWE the lesion characterization into benign and 

malignant is done on the basis of elastography values with 

a cut off of 16 kPa (taken from published study done in the 

past). On the basis of data 2D SWE characterized 37 

lesions as malignant (based on values in the range from 17 

to 53.8 kPa with median value of 31 kPa) and 26 lesions 

as benign where values were below 16 Kpa (range 2 to 16 

kPa and median value being 7.3 kPa). Based on available 

HPE diagnosis, 2D SWS misdiagnosed 7 benign lesions as 

malignant due to high elasticity values (01 hepatic 

hemangioma, 03 FNH, 01 regenerative nodule and 02 

chronic granulomatous etiology). 02 cases of metastasis 

were missed on 2D SWS and labeled as benign which 

turned out to be cystic metastasis. 

Overall sensitivity, specificity, PPV, NPV and accuracy of 

2D SWS is 94.59%, 56.25%, 12.13%, 99.39% and 58.55% 

respectively (Table 4 and 5). 

Table 4: Result of 2×2 tables for CT scan and 2D 

SWS. 

Statistics 
CT scan (95% 

CI) values (%) 

2D SWS (95% 

CI) values (%) 

Sensitivity  
89.74  

(75.78-97.13) 

94.59  

(81.81-99.34) 

Specificity 
50  

(26.02-73.98) 

56.25  

(29.88-80.25) 

PPV 
10.28  

(6.66-15.54) 

12.13  

(7.3-19.47) 

NPV 
98.71  

(96.44-99.54) 

99.39  

(97.54-99.85) 

Positive 

likelihood ratio 
1.79 (1.12-2.88) 2.16 (1.23-3.79) 

Negative 

likelihood ratio 
0.21 (0.07-0.58) 0.10 (0.02-0.40) 

Accuracy 
52.38  

(38.73-65.78) 

58.55  

(41.19-71.92) 
*Disease prevalence (6%) 

Table 5: Lesion distribution as malignant and benign 

in various tests. 

Pathology CT scan 2D SWS Histopathology 

Malignant 44 37 28 

Benign 19 26 09 

Total 63 63 37 

In cases of HCC, provided there was liver cirrhosis or 

chronic HBV without cirrhosis, the guidelines of the 

American association society of liver disease (AASLD) 

were followed for the diagnosis in association with Liver 

imaging reporting and reporting data system version 2018 

(LI-RADS v2018) on CT/MRI.19,20 In all other malignant 

lesions biopsy was taken for 37 lesions (in 07 focal lesions 

showed typical imaging features of HCC biopsy was not 

done) where diagnosis need to be confirmed either because 

of diagnostic dilemma or tissue sample was warranted to 

guide chemo/immunotherapy. Out of 37 lesions HCC was 

detected in 13 lesions, FNH in 03 lesions, regenerative 

nodule in 02 cases, metastasis was detected in 15 lesions, 

02 cases as hemangioma, 02 cases as chronic 

granulomatous pathology) (Table 6). 

Table 6: Lesion elasticity in benign and malignant 

lesions with background liver as comparative value. 

Variables 

Malignant 

lesion, 

(n=37) 

Benign 

lesion, 

(n=26) 

P value 

Focal lesion 

median  

31  

(17-53.8) 

7.3  

(2-16) 
<0.001 

Background 

liver median 

17  

(12.5-25.4) 

08  

(4.3- 16) 
<0.001 

The mean lesion elasticity for patients with malignant 

pathology on histopathological was 31. The mean lesion 

elasticity for patients with benign histopathological 

examination was 7.3. This difference was statistically 

significant (p<0.0001). 

 

Figure 1: The 42 years old female patient with focal 

nodular hyperplasia showing elevated elasticity values 

of 71.1 (this patient underwent liver biopsy and 

turned out to ne FNH on HPE). 

 

Figure 2: The 69 years old female with metastatic 

deposit showing elevated elasticity values, 70.6 kPa (it 

turned out to be deposit from adeno carcinoma of 

ascending colon on work up). 
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Figure 3: The 66 years old female with HCC and 

showing elevated elasticity values of 77.5kPa. 

 

Figure 4: Distribution of male and female population 

in the study in pie chart form. 

DISCUSSION 

Hemangioma, focal nodular hyperplasia, hepatic adenoma, 

localized fatty change, chronic granulomatous lesions, 

regenerative and dysplastic nodules, lipoma, 

angiomyolipoma, focal hepatic fibrosis, and hematoma are 

solid benign FLLs (post-abdominal trauma). Simple cyst, 

hydatid cyst, liver abscess (pyogenic or amoebic), Caroli's 

illness, biloma, biliary cystadenoma, and peliosis hepatis 

are cystic FLLs. FLLs can be primary (from the liver) or 

secondary (originating elsewhere like metastases and 

lymphomas). Except for cystic and necrotic metastases, 

most malignant liver lesions are solid. Colon, stomach, 

pancreatic, breast, and lung are common metastasis 

locations. Hepatocellular carcinoma, cholangiocarcinoma, 

fibrolamellar carcinoma, hepatoblastomas, and 

angiosarcomas are primary lesions. Gray-scale 

ultrasonography, colour Doppler, MRI, CT, and PET are 

utilised to diagnose FLLs. Angiography and percutaneous 

biopsies are invasive. The widespread use of imaging 

modalities with an emphasis on non-invasive imaging 

techniques has increased the detection of incidental FLLs 

over the last two decades, preventing the unnecessary use 

of painful biopsy, especially in the diagnosis of benign 

touch-me-not lesions, reducing the risk of bleeding and 

anxiety among patients. Liver hemangiomas, the most 

frequent benign liver tumour, are accurately diagnosed by 

imaging 7-9. Characterizing liver tumours and 

distinguishing benign from malignant lesions is crucial for 

planning treatment.  We found that malignant hepatic 

lesions demonstrated significantly higher mean lesion 

elasticity values compared with benign lesions (p<0.0001). 

Malignant lesions showed high stiffness, including 

hepatocellular carcinoma (43±7.49), carcinoma 

gallbladder with hepatic metastasis (47±7.61), carcinoma 

rectum with liver metastasis (43.00±1.41), and carcinoma 

pancreas with hepatic metastasis (38.00±0.00). In contrast, 

benign lesions had much lower elasticity values, such as 

simple cyst (2.00±0.00), giant hemangioma (5.00±0.00), 

atypical hemangioma (4.54±1.81), focal nodular 

hyperplasia (16.27±3.72), and abscess (6.54±2.25). It is 

also noted that the malignant lesions showing 

degeneration/necrotic changes owing to large size or 

metastasis having mixed appearance showed elastography 

values lower than the solid lesions with similar malignant 

pathology. This can be attributable to less densely packed 

cellular structure and heterogeneous intercellular milieu in 

the malignant lesions.28 Of all the benign lesions 2D SWI 

could not identify FNH and hepatic adenomas from 

malignant lesions owing to densely packed cellular 

components thereby increasing elastography values and 

falsely being labelled as malignant. One more important 

observation noted in the study is that the background liver 

elasticity is an important confounding factor in cases 

where the malignant lesions have borderline raised 

elasticity. In cirrhotic liver due to generalized increased 

liver stiffness focal dysplastic nodules may not show 

differential elevation of elasticity. In such cases 

multiphasic CECT/MRI holds the key to diagnosis.  

In this study, the SWE values of metastases varied widely 

depending on the primary tumor type; for example, 

metastases from GIT cancers had lower stiffness (median 

value=21.5 kPa) than metastases from breast cancer 

(median value=36.2 kPa). Similar findings were reported 

by Abdel-Latif et al who found that the stiffness of 

colorectal metastases (median value=20.11 kPa) was 

lower than that of breast cancer metastases (median 

value=28.44 kPa), and Guibal et al who found that the 

stiffness of carcinoid tumor metastases (mean value=27.8 

kPa) was higher than that of metastases from gastro-

intestinal tract adenocarcinomas (median value=19.81 

kPa).23,29 

This study has demonstrated that 2D SWS is a useful 

modality and is capable of evaluating stiffness changes in 

the liver associated with solid focal liver lesions, which 

helps in distinguishing benign from malignant lesions and 

also in their sub-categorization, i.e., differentiating focal 

nodular hyperplasia from hemangioma and differentiating 

hepatocellular carcinoma, with high sensitivity and 

accuracy. Thus, it can be added to routine grey-scale 

sonographic examinations for rapid, cost-effective, non-

invasive, and non-contrast assessments to aid in the 

diagnosis and further management. It is more useful in 

28.60%

71.40%
Female

Male
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patients with compromised renal function where iodine 

contrast cannot be used. In the study both multiphasic 

CECT and USG 2D SWS detected lesions in all 63 patients 

however the overall sensitivity, specificity, PPV, NPV and 

accuracy of 2D SWS is 94.59%, 56.25%, 12.13%, 99.39% 

and 58.55% respectively and of multiphasic CECT is 

89.74%, 50.00%, 10.28%, 99.39% and 98.71% 

respectively. This leads us to the conclusion that the 

overall performance of both CECT and 2D SWS did not 

show much difference. However, both modalities 

complement each other and shortcoming of one modality 

can be overcome with the help of other thereby leading to 

better diagnostic evaluation. 

Limitations  

The study has a small sample size thereby more studies 

with larger sample size needs to be planned in future for 

more stronger statistical correlation. Another limitation is 

attrition of patients during follow up. To better study 

change in elasticity of malignant lesions post 

chemotherapy patients should be included. 

CONCLUSION 

2D SWS is a useful modality and is capable of evaluating 

focal changes in the stiffness of liver associated with solid 

focal liver lesions, which helps in distinguishing benign 

from malignant lesions and also in their sub-

categorization, i.e., differentiating focal nodular 

hyperplasia from hemangioma and differentiating 

hepatocellular carcinoma, with high sensitivity and 

accuracy.  Overall performance of both CECT and 2D 

SWS did not show much difference statistically. However, 

both modalities complement each other and shortcoming 

of one modality can be overcome with the help of other 

thereby leading to better diagnostic evaluation. Although 

the advantage of 2D SWS remains in being non-invasive, 

non-radiation involving and can be repeated without any 

risk to the patients. 

Funding: No funding sources 
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Institutional Ethics Committee  

REFERENCES 

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre 

LA, Jemal A. Global cancer statistics 2018: 

GLOBOCAN estimates of incidence and mortality 

worldwide for 36 cancers in 185 countries. CA. 

2018;68(6):394-424. 

2. El-Serag HB. Epidemiology of viral hepatitis and 

hepatocellular carcinoma. Gastroenterology. 

2012;142(6):1264-73. 

3. Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, 

Smith AD. Liver biopsy. Hepatology. 

2009;49(3):1017-44. 

4. Forner A, Vilana R, Ayuso C, Bianchi L, Solé M, 

Ayuso JR, et al. Diagnosis of hepatic nodules 20 mm 

or smaller in cirrhosis: prospective validation of the 

noninvasive diagnostic criteria for hepatocellular 

carcinoma. Hepatology. 2008;47(1):97-104. 

5. Ophir J, Cespedes I, Ponnekanti H, Yazdi Y, Li X. 

Elastography: a quantitative method for imaging the 

elasticity of biological tissues. Ultrasonic Imaging. 

1991;13(2):111-34. 

6. Strobel D, Seitz K, Blank W, Schuler A, Dietrich C, 

von Herbay A, et al. Contrast-enhanced ultrasound for 

the characterization of focal liver lesions-diagnostic 

accuracy in clinical practice (DEGUM multicenter 

trial). Eur J Ultrasound. 2008;29(05):499-505. 

7. Ophir J, Cespedes I, Ponnekanti H, Yazdi Y, Li X. 

Elastography: a quantitative method for imaging the 

elasticity of biological tissues. Ultrasonic Imaging. 

1991;13(2):111-34. 

8. Park JR. Metadata quality in digital repositories: A 

survey of the current state of the art. Cataloging 

Classification Quarterly. 2009;47(3-4):213-28. 

9. Gerber L, Fitting D, Srikantharajah K, Weiler N, 

Kyriakidou G, Bojunga J, et al. Evaluation of 2D-

shear wave elastography for characterisation of focal 

liver lesions. J Gastrointest Liver Dis. 2017;26(3):10. 

10. Laghi A. Multidetector CT (64 Slices) of the liver: 

examination techniques. Eur Radiol. 2007;17(3):675-

83. 

11. Weg N, Scheer MR, Gabor MP. Liver lesions: 

improved detection with dual-detector-array CT and 

routine 2.5-mm thin collimation. Radiology. 

1998;209(2):417-26. 

12. Schima W, Hammerstingl R, Catalano C, Marti-

Bonmati L, Rummeny EJ, Montero FT, et al. 

Quadruple-phase MDCT of the liver in patients with 

suspected hepatocellular carcinoma: effect of contrast 

material flow rate. Am J Roentgenol. 

2006;186(6):1571-9. 

13. May MS, Wüst W, Brand M, Stahl C, Allmendinger 

T, Schmidt B, et al. Dose reduction in abdominal 

computed tomography: intraindividual comparison of 

image quality of full-dose standard and half-dose 

iterative reconstructions with dual-source computed 

tomography. Investigative Radiol. 2011;46(7):465-

70. 

14. Lee MH, Kim YK, Park MJ, Hwang J, Kim SH, Lee 

WJ, et al. Gadoxetic acid‐enhanced fat suppressed 

three‐dimensional T1‐weighted MRI using a 

multiecho dixon technique at 3 tesla: Emphasis on 

image quality and hepatocellular carcinoma detection. 

J Magnetic Resonance Imaging. 2013;38(2):401-10. 

15. Oudkerk M, Torres CG, Song B, König M, Grimm J, 

Fernandez-Cuadrado J, et al. Characterization of liver 

lesions with mangafodipir trisodium-enhanced MR 

imaging: multicenter study comparing MR and dual-

phase spiral CT. Radiology. 2002;223(2):517-24. 

16. Oto A, Kulkarni K, Nishikawa R, Baron RL. Contrast 

enhancement of hepatic hemangiomas on multiphase 

MDCT: can we diagnose hepatic hemangiomas by 



Senger KPS et al. Int J Res Med Sci. 2026 Oct;14(10):xxx-xxx 

                               International Journal of Research in Medical Sciences | October 2026 | Vol 14 | Issue 10    Page 7 

comparing enhancement with blood pool? Am J 

Roentgenol. 2010;195(2):381-6. 

17. Uggowitzer MM, Kugler C, Mischinger HJ, Gröll R, 

Ruppert-Kohlmayr A, Preidler KW, et al. Echo‐

enhanced Doppler sonography of focal nodular 

hyperplasia of the liver. J Ultrasound Med. 

1999;18(7):445-51. 

18. Mathieu D, Kobeiter H, Maison P, Rahmouni A, 

Cherqui D, Zafrani ES, et al. Oral contraceptive use 

and focal nodular hyperplasia of the liver. 

Gastroenterology. 2000;118(3):560-4. 

19. Katabathina VS, Menias CO, Shanbhogue AK, 

Jagirdar J, Paspulati RM, Prasad SR. Genetics and 

imaging of hepatocellular adenomas: 2011 update. 

Radiographics. 2011;31(6):1529-43. 

20. Nault JC, Paradis V, Cherqui D, Vilgrain V, Zucman-

Rossi J. Molecular classification of hepatocellular 

adenoma in clinical practice. J Hepatol. 

2017;67(5):1074-83. 

21. Jeffrey Jr RB, Tolentino CS, Chang FC, Federle MP. 

CT of small pyogenic hepatic abscesses: the cluster 

sign. Am J Roentgenol. 1988;151(3):487-9. 

22. Laghi A, Iannaccone R, Rossi P, Carbone I, Ferrari R, 

Mangiapane F, Nofroni I, Passariello R. 

Hepatocellular carcinoma: detection with triple-phase 

multi–detector row helical CT in patients with chronic 

hepatitis. Radiology. 2003;226(2):543-9. 

23. Tublin ME, Dodd 3rd GD, Baron RL. Benign and 

malignant portal vein thrombosis: differentiation by 

CT characteristics. Am J Roentgenol. 

1997;168(3):719-23. 

24. Ichikawa T, Federle MP, Grazioli L, Madariaga J, 

Nalesnik M, Marsh W. Fibrolamellar hepatocellular 

carcinoma: imaging and pathologic findings in 31 

recent cases. Radiology. 1999;213(2):352-61. 

25. Buetow PC, Buck JL, Pantongrag-Brown L, Ros PR, 

Devaney K, Goodman ZD, Cruess DF. Biliary 

cystadenoma and cystadenocarcinoma: clinical-

imaging-pathologic correlations with emphasis on the 

importance of ovarian stroma. Radiology. 

1995;196(3):805-10. 

26. Miller WJ, Dodd 3rd GD, Federle MP, Baron RL. 

Epithelioid hemangioendothelioma of the liver: 

imaging findings with pathologic correlation. Am J 

Roentgenol. 1992;159(1):53-7. 

27. Taouli B, Koh DM. Diffusion-weighted MR imaging 

of the liver. Radiology. 2010;254(1):47-66. 

28. Ozturk A, Grajo JR, Dhyani M, Anthony BW, Samir 

AE. Principles of ultrasound elastography. Abd 

Radiol. 2018;43(4):773-85. 

29. Sigrist RM, Liau J, El Kaffas A, Chammas MC, 

Willmann JK. Ultrasound elastography: review of 

techniques and clinical applications. Theranostics. 

2017;7(5):1303. 

 

 

 

 

 

 

 

 

 

Cite this article as: Senger KPS, Akhand R, Bhanu 

KU, Singh A, Mulajkar D. Role of 2D shear wave 

elastography in differentiating malignancy from focal 

liver lesions as compared to multiphasic contrast 

enhanced computed tomography. Int J Res Med Sci 

2026;14:xxx-xx. 


