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Abstract

:

Background and Aims: Elastography can provide information regarding tissue stiffness (TS). This study aimed to analyze the elastographic features of hepatocellular carcinoma (HCC) and the factors that influence intratumoral elastographic variability in patients with liver cirrhosis. Methods: This prospective study included 115 patients with liver cirrhosis and hepatocellular carcinoma evaluated between June 2016–November 2019. A total of 88 HCC nodules visualized in conventional abdominal ultrasound (US) met the inclusion criteria and underwent elastographic evaluation. Elastographic measurements (EM) were performed in HCC and liver parenchyma using VTQ (Virtual Touch Quantification), a point shear wave elastography (pSWE) technique. In all patients, we performed contrast-enhanced ultrasound (CEUS), and the final diagnosis of HCC was established by contrast-enhanced-CT or contrast-enhanced-MRI. Results: The mean VTQ values in HCCs were 2.16 ± 0.75 m/s. TS was significantly lower in HCCs than in the surrounding liver parenchyma 2.16 ± 0.75 m/s vs. 2.78 ± 0.92 (p < 0.001). We did not find significant differences between the first five and the last five EM, and the intra-observer reproducibility was excellent ICC: 0.902 (95% CI: 0.87–0.950). However, the tumor size, heterogeneity, and depth correlated with higher intralesional stiffness variability (p < 0.001). Conclusions: VTQ brings additional information for HCC characterization. Intra-observer reproducibility for both HCC and liver parenchyma was excellent. Knowing the stiffness of HCC’s might endorse an algorithm-based approach towards focal liver lesions (FLLs) in liver cirrhosis.
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1. Introduction


Bi-annual ultrasound (US) surveillance is recommended worldwide as a screening tool for HCC in patients with cirrhosis by all major hepatology societies [1,2,3,4]. Conventional US is a widely available, non-invasive, risk-free, inexpensive imaging tool that provides a real-time assessment of the liver. Having all these advantages, US is the most commonly used tool in the diagnostic algorithm of liver disease. Greyscale (B-mode) imaging and Doppler US are available on almost all US machines, but newer devices have the additional option of elastography and contrast-enhanced ultrasound (CEUS), providing more information, a faster and more accurate diagnosis, usually at the point of care. This approach shortens the diagnostic algorithm duration and can avoid further long-waiting procedures such as CT/MRI and/or liver biopsy.



Liver elastography is widely used in clinical practice for liver stiffness assessment in patients with chronic liver disease as a non-invasive marker of fibrosis. Other applications of shear wave elastography in the field of hepatology include diagnosing clinically significant portal hypertension (CSPH) and high-risk oesophageal varices (HRV), characterization of FLLs, and prognosis of clinical outcomes in chronic liver disease [5,6,7,8]. The US elastography techniques have as fundamental principle measurement of minimal displacements in the tissue caused by mechanical compression or by an enforced acoustic impulse which acts as a wavefront [9]. These displacements lead to the formation of shear waves in the tissue, which spread faster in a stiff medium (i.e., cirrhotic liver).



FLLs are commonly first detected by US, and, for a definite diagnosis, contrast-enhanced imaging and/or biopsy are needed. FLLs show different stiffness due to their different histological structure. Different tissue stiffness ratio values can be observed when comparing FLL stiffness with adjacent liver parenchyma due to various underlying pathology. Thus, performing elastography during US evaluation can be a helpful tool that can assess elasticity proprieties and provide information for the differential diagnosis of various FLLs and finally, if used in a multiparametric US approach, can help to avoid biopsy (an invasive procedure) and resorting to CE-CT/CE-MRI (radiation exposure and potentially nephrotoxic contrast agents, expensive, difficult re-attendance).



Several studies showed that elastography could bring additional information regarding FLL stiffness and might even predict their nature. However, a significant amount of heterogeneity was found in the studies published to date [10,11,12,13,14,15,16]. Despite promising results, currently, the EFSUMB guidelines do not recommend elastography to evaluate the stiffness of FLLs to differentiate between benign and malignant lesions in clinical practice, but remains a field of further research [9]. Since these methods are currently undergoing validation, elastographic features of different FLLs and clinical contexts should be closely evaluated.



In this paper, we aimed to analyze the elastographic features of HCC and the factors that influence intratumoral elastographic variability in patients with liver cirrhosis.




2. Materials and Methods


2.1. Study Design and Population Selection


This prospective study included consecutive patients with liver cirrhosis diagnosed with HCC during US surveillance in a tertiary Gastroenterology and Hepatology Department.



From 115 cirrhotic patients with 121 focal liver lesions found during US surveillance for HCC evaluated between June 2016–November 2019, 88 lesions were included in the final study cohort. The inclusion criteria were: FLLs ≥ 2 cm, adequate visualization of the FLLs using conventional US, at a maximum depth of 8 cm from the skin surface, and a final diagnosis of HCC established by CE-CT or CE-MRI (typical enhancement patterns for HCC during contrast imaging assessment) in a suggestive clinical and biologic context. The exclusion criteria were: FLL < 2 cm, depth over 8 cm from the skin surface, large perihepatic ascites, poor compliance of the patient (inability to hold their breath during the examination), and lesions in which “x.xx” (not applicable) results were obtained. This prospective study did not evaluate any patient with benign or non-HCC FLLs. We established the diagnosis of cirrhosis using clinical, biologic, US, and endoscopic criteria.




2.2. VTQ Evaluation


EM were performed inside the FLLs and in the surrounding liver parenchyma using VTQ, a pSWE method using acoustic radiation force impulse technique (ARFI). VTQ was performed with the Siemens Acuson S2000TM ultrasound system (Siemens AG, Erlangen, Germany) using a curved array probe. All VTQ measures of FLLs and surrounding liver were performed by a single ultrasound expert operator with more than two years of experience in pSWE elastography.



The patients were examined in a supine or left/right lateral decubitus posture depending on the FLLs localization. After the lesion was identified by conventional US imaging, the VTQ measurements were performed by placing the region of interest (ROI) box inside the analyzed tumor. The ROI box had a fixed size of 10 × 5 mm and was placed in the solid portion of the lesion, avoiding vascular or necrotic tissue. Measurements were performed in intermediate breath-hold in order to avoid motion artifacts. We performed ten EM in the FLL and ten EM in the surrounding liver parenchyma, at approximately the same depth, 2–3 cm away from the lesion. In the case of multiple lesions, the largest FLL or the FLL best visualized by US was considered for evaluation. In the case of larger FLLs, the ROI was positioned at different points to obtain EM.



The VTQ results were expressed in m/s as the mean value of the 10 measurements. We assessed the intra-observer reproducibility and compared the first 5 and the last 5 EM. The ratio of VTQ measurements of each FLL vs. the surrounding liver parenchyma was also calculated. Figure 1 shows a VTQ measurement in an HCC nodule.



According to the data provided by Siemens Corporation, the SWV range from 0.5 (softer or cystic portions of FLLs) to 5.00 m/s (harder or calcific portions of FLLs); any value outside of this range is displayed as ‘‘x.xx m/s’’, which means not applicable (NA).




2.3. CEUS Evaluation


CEUS examinations comply with EFSUMB guidelines for the characterization of focal liver lesions [17]. Physicians with high expertise in hepatobiliary ultrasound and CEUS (level III Experts according to the EFSUMB classification) performed the CEUS examinations. All contrast studies were performed using SonoVue® (Bracco Spa, Milan Italy). The lesion enhancement pattern was assessed and documented. An independent operator performed VTQ EM in HCC and surrounding liver parenchyma. Previous to EM, the elastography operator reviewed all CEUS video clips in order to avoid performing EM in the necrotic areas of the tumor.



The study protocol was approved by the local Ethics Committee, being in accordance with the Helsinki Declaration of 1975, and all subjects agreed to undergo EM and imaging assessment as part of their medical workup.




2.4. Statistical Analysis


The statistical analysis was performed using IBM SPPS® statistics for Windows, V 20.0 (Armonk, NY, USA: IBM Corp) and Microsoft Office Excel 2010. Baseline characteristics of the FLLs were shown according to their origin using descriptive statistics. Quantitative variables are expressed as a mean ± standard deviation, absolute numbers, and percentages. We assessed the intra-observer reproducibility of VTQ by using interclass correlation coefficients (ICCs) with 95% lower and upper limits of agreement (LOA). ICC values were interpreted as follows: poor (ICC 0–0.20), fair (0.21–0.40), good (ICC 0.41–0.75) and excellent (ICC ≥ 0.75). The Friedman test was used to compare the first five and last five EMs taken by the elastographic operator.





3. Results


3.1. Baseline Characteristics


The final study group included 88 lesions from 88 patients with liver cirrhosis. The success rate for VTQ in HCC was 72.7% (88/121). Patients’ characteristics are summarized in Table 1.




3.2. VTQ Values


The mean VTQ values inside the HCCs were 2.16 ± 0.75 m/s. TS was significantly lower in HCCs than in the surrounding liver parenchyma 2.16 ± 0.75 m/s vs. 2.78 ± 0.92 (p < 0.001). Nodules’ characteristics are shown in Table 2.



VTQ mean nodules’ size for all HCCs (n = 88) in our studied group was 4.9 ± 2.2 cm. When we considered the nodules’ size, we obtained a higher intra-tumoral variability of EM values in the larger nodules p < 0.001. We selected a cut-off value of 3 cm having in mind the early diagnosis in small HCCs that could be suitable for percutaneous treatment. We calculated VTQ means separately, according to a threshold diameter of 3 cm (Table 3).




3.3. CEUS Examination


CEUS was considered conclusive for HCC if the typical enhancement pattern was present: hyperenhancement in the arterial vascular phase with late-onset (>60 s) washout of mild intensity. The typical enhancement pattern and a conclusive diagnosis of HCC were obtained in 76.1% of cases (67/88) as compared with the reference method (contrast-enhanced CT/MRI). Comparing the means of EM in HCC with conclusive CEUS vs. inconclusive CEUS, no significant difference was observed 2.12 ± 0.58 vs. 2.10 ±0.62 (p < 0.001).




3.4. Intra-Observer Reproducibility


We tested the intra-observer reproducibility for VTQ in tumoral and surrounding liver parenchyma stiffness assessment.



The intra-observer reproducibility for EM in liver parenchyma was excellent ICC: 0.964 (95% CI: 0.943–0.960).



The intra-observer reproducibility for EM in HCC was excellent ICC: 0.902 (95% CI: 0.87–0.950), proving the method to be reliable also for tumor evaluation.



The good ICCs for EM values indicate that VTQ is a reproducible method in assessing both tumoral and liver stiffness.



The ICC between the medians of the first five and last five EM was high and statistically significant (ICC: 0.926 (95% CI: 0.890–0.960). No significant differences (p = 0.75) were found when comparing the first five and the last five EM, suggesting that in practice, five measurements in the tumor and five measurements in the liver tissue could be enough for evaluation.





4. Discussion


Liver cirrhosis is the main risk factor for HCC development. Therefore practice guidelines recommend US surveillance for early detection of HCC in this category of patients [1,2,3,4]. HCC can be diagnosed non-invasively by contrast-enhanced imaging (CE-CT; CE-MRI; CEUS) if a typical enhancement pattern is present [2,17]. Considering that well-differentiated HCCs often lack arterial hyper-enhancement, appearing iso- or even hypoenhanced in the arterial phase, and some well-differentiated HCC do not show washout at all [17], HCC diagnosis can be challenging by imaging methods.



CEUS has good performance for HCC diagnosis comparable to CE-CT and CE-MRI [18,19]. The size of the nodule can modify CEUS sensitivity. SRUMB study [19] showed a lower sensitivity of CEUS in small HCCs ≤ 2 cm as compared to HCC > 2 cm, 56.3% vs. 78.9%. In our study, CEUS examination was conclusive for HCC diagnosis in 76.1% of cases (all examined nodules were ≥2 cm).



The correct characterization of a nodule encountered in a cirrhotic liver is important for further management (follow-up/suitable therapeutic option). Liver biopsy is limited in patients with liver cirrhosis due to possible complications but should be considered when imaging techniques cannot establish a confident diagnosis [2,20].



US evaluation might compete with other advanced imaging techniques similar to contrast-enhanced CT or MRI with the new features implemented in US machines. The new ultrasound features, besides the greyscale imaging, Doppler, and color Doppler mode, can perform multiple elastographic methods that enable us to assess the fibrosis, and with the introduction of contrast medium (contrast-enhanced ultrasound or CEUS), the paradigm of ultrasound indication has changed thus the multiparametric US concept appeared offering a broader perspective of the examined structures [21,22]. By providing contrast to US, a broad spectrum of features have been implemented into the US machines allowing us to quantitatively analyze the organ perfusion in terms of time and intensity (TIC analysis). 3D/4D US fusion techniques are also applications used for real-time reconstruction of examined structures finding their utility in some medical fields, even for difficult liver lesions demanding percutaneous or surgical interventions [23].



Several proposed practical algorithms for the clinical use of MPUS in chronic liver disease and FLL are available [24], and computer-aided diagnosis systems were conceived based on the new US features [25,26].



Previous studies demonstrated that malignant FLLs are generally stiffer than benign lesions, reporting the following descending stiffness order: Liver metastases > HCC > FNH (focal nodular hyperplasia) > Hemangioma [10,27,28]. In the setting of liver cirrhosis, HCC lesions may appear softer than the surrounding liver parenchyma and also softer than other malignant FLLs (metastases and cholangiocarcinoma) [28]. Similar to our results, Gallotti et al. [29] showed HCCs are softer lesions compared to the surrounding liver parenchyma with a mean shear-wave velocity in HCC of 2.17 vs. 2.99 m/s.



Grgurevic et al. [30] developed a liver elastography malignancy prediction score (LEMP) for non-invasive characterization of focal liver lesions that enables correct differentiation of benign and malignant FLL in 96% of patients. The authors concluded that RT-2D-SWE (real-time 2-dimensional share-wave elastography) could be a reliable method for differentiating malignant from benign liver lesions with a comprehensive approach.



Clinical context influences the diagnostic performance of elastography [28]. In clinical practice, the differential diagnosis of FLLs requires analysis of various data, including age, underlying liver disease, serum biomarkers, and findings with other imaging modalities. Our study focuses on the elastographic features of HCC in cirrhotic patients that have a fibrotic background liver. VTQ values in HCCs were 2.16 ± 0.75 m/s, significantly lower compared to the surrounding liver parenchyma stiffness with VTQ ratio of 1.33 ± 0.66 m/s, showing HCC as a softer tissue as compared to the stiff parenchyma of the cirrhotic liver.



A strength of this study is the homogeneity of the included lesions, all HCCs, given the difficulties in diagnosing these FLLs in clinical practice. It was also possible to integrate elastography with US end CEUS to obtain a multiparametric US approach easily applicable in daily practice in all analyzed lesions. Knowing the stiffness features of HCC could be helpful in clinical practice if we have an inconclusive result for the CEUS exam and a mean value of pSWE showing a soft FLL compared to the surrounding parenchyma, having in mind the results of this study, HCC suspicion could be raised. Elastography can be a useful tool in orienting the diagnosis and the need for rapid further assessment. VTQ can easily and inexpensively be integrated into imaging protocols already involving standard US and CEUS.



The excellent ICCs for the mean values show that VTQ pSWE for evaluating FLL stiffness is a reproducible method and could provide complementary information regarding the TS, useful for the differential diagnosis of FLLs, if properly interpreted. The intra-observer reproducibility for EM in HCC was excellent ICC: 0.902 (95% CI: 0.87–0.950). Bota et al. showed in a study regarding ARFI reproducibility an excellent overall intra-operator agreement (ICC 0.90) [31]. We did not find significant differences between the first five and the last five EM showing that 5 EM are enough for obtaining reliable results.



Even if our study included a relatively large number of HCCs, it also has limitations: we did not include other benign/malignant liver lesions found in cirrhotic patients; no biopsies for the analyzed FLLs were available. A limitation for the use in clinical practice is the fact that it is a time-consuming procedure that took up to 20–30 min in some cases. Regarding the place of elastography for HCC diagnosis, further studies are still required to obtain an evidence-based answer for the question raised in this paper’s title.




5. Conclusions


VTQ brings additional information for HCC characterization regarding tumoral stiffness. The good ICCs for EM values show that VTQ is a reproducible method in assessing both tumoral and liver stiffness.



Knowing the stiffness of HCC’s might endorse an algorithm-based approach towards FLL’s in liver cirrhosis.







Author Contributions


Conceptualization, A.-M.G. and A.P.; methodology, I.S. and R.Ș.; study design, data analysis, data interpretation, manuscript writing, and manuscript approval, A.-M.G., A.P., M.D., and R.Ș.; data collection, A.-M.G., T.M., and F.B.; data interpretation and manuscript approval, A.-M.G., I.S., M.D., R.Ș, and A.P. All authors have read and agreed to the final version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the local Institutional Ethics Committee of Timiş County Emergency Clinical Hospital (protocol code 9 and 14.04.2016).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Due to ethical reasons, the data are not publicly available. All anonymized data presented in this study are available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Heimbach, J.K.; Kulik, L.M.; Finn, R.S.; Sirlin, C.B.; Abecassis, M.M.; Roberts, L.R.; Zhu, A.X.; Murad, M.H.; Marrero, J.A. AASLD guidelines for the treatment of hepatocellular carcinoma. Hepatology 2018, 67, 358–380. [Google Scholar] [CrossRef]

	



European Association for the Study of the Liver. Electronic address eee, European Association for the Study of the L. EASLClinical Practice Guidelines: Management of hepatocellular carcinoma. J. Hepatol. 2018, 69, 182–236. [Google Scholar] [CrossRef] [PubMed]

	



Kokudo, N.; Takemura, N.; Hasegawa, K.; Takayama, T.; Kubo, S.; Shimada, M.; Nagano, H.; Hatano, E.; Izumi, N.; Kaneko, S.; et al. Clinical practice guidelines for hepatocellular carcinoma: The Japan Society of Hepatology 2017 (4th JSH-HCC guidelines) 2019 update. Hepatol. Res. 2019, 49, 1109–1113. [Google Scholar] [CrossRef] [PubMed]

	



Omata, M.; Cheng, A.-L.; Kokudo, N.; Kudo, M.; Lee, J.M.; Jia, J.; Tateishi, R.; Han, K.-H.; Chawla, Y.K.; Shiina, S.; et al. Asia–Pacific clinical practice guidelines on the management of hepatocellular carcinoma: A 2017 update. Hepatol. Int. 2017, 11, 317–370. [Google Scholar] [CrossRef]

	



Fofiu, R.; Bende, F.; Popescu, A.; Şirli, R.; Lupușoru, R.; Ghiuchici, A.M.; Sporea, I. Spleen and liver stiffness for predicting high-risk varices in patients with compensated liver cirrhosis. Ultrasound Med Biol. 2021, 47, 76–83. [Google Scholar] [CrossRef]

	



Gerber, L.; Fitting, D.; Srikantharajah, K.; Weiler, N.; Kyriakidou, G.; Bojunga, J.; Schulze, F.; Bon, D.; Zeuzem, S.; Friedrich-Rust, M. Evaluation of 2D-shear wave elastography for characterisation of focal liver lesions. J. Gastrointestin. Liver Dis. 2017, 26, 283–290. [Google Scholar] [CrossRef]

	



Ronot, M.; Di Renzo, S.; Gregoli, B.; Duran, R.; Castera, L.; Van Beers, B.E.; Vilgrain, V. Characterization of fortuitously discovered focal liver lesions: Additional information provided by shearwave elastography. Eur. Radiol. 2015, 25, 346–358. [Google Scholar] [CrossRef] [PubMed]

	



Lupsor-Platon, M.; Serban, T.; Silion, A.I.; Tirpe, A.; Florea, M. Hepatocellular carcinoma and non-alcoholic fatty liver disease: A step forward for better evaluation using ultrasound elastography. Cancers 2020, 12, 2778. [Google Scholar] [CrossRef]

	



Dietrich, C.F.; Bamber, J.; Berzigotti, A.; Bota, S.; Cantisani, V.; Castera, L.; Cosgrove, D.; Ferraioli, G.; Friedrich-Rust, M.; Gilja, O.H.; et al. EFSUMB guidelines and recommendations on the clinical use of liver ultrasound elastography, update 2017 (long version). Ultraschall. Med. 2017, 38, e16–e47. [Google Scholar] [CrossRef]

	



Ying, L.; Lin, X.; Xie, Z.L.; Tang, F.Y.; Hu, Y.P.; Shi, K.Q. Clinical utility of acoustic radiation force impulse imaging for identification of malignant liver lesions: A meta-analysis. Eur. Radiol. 2012, 22, 2798–2805. [Google Scholar] [CrossRef]

	



Heide, R.; Strobel, D.; Bernatik, T.; Goertz, R.S. Characterization of focal liver lesions (FLL) with acoustic radiation force impulse (ARFI) elastometry. Ultraschall. Med. 2010, 31, 405–409. [Google Scholar] [CrossRef] [PubMed]

	



Frulio, N.; Laumonier, H.; Carteret, T.; Laurent, C.; Maire, F.; Balabaud, C.; Bioulac-Sage, P.; Trillaud, H. Evaluation of liver tumors using acoustic radiation force impulse elastography and correlation with histologic data. J. Ultrasound Med. 2013, 32, 121–130. [Google Scholar] [CrossRef] [PubMed]

	



Guibal, A.; Boularan, C.; Bruce, M.; Vallin, M.; Pilleul, F.; Walter, T.; Scoazec, J.Y.; Boublay, N.; Dumortier, J.; Lefort, T. Evaluation of shearwave elastography for the characterisation of focal liver lesions on ultrasound. Eur. Radiol. 2013, 23, 1138–1149. [Google Scholar] [CrossRef] [PubMed]

	



Jiao, Y.; Dong, F.; Wang, H.; Zhang, L.; Xu, J.; Zheng, J.; Fan, H.; Gan, H.; Chen, L.; Li, M. Shear wave elastography imaging for detecting malignant lesions of the liver: A systematic review and pooled meta-analysis. Med. Ultrasound 2017, 19, 16–22. [Google Scholar] [CrossRef] [PubMed]

	



Galati, G.; De Vincentis, A.; Gallo, P.; Guidi, A.; Vespasiani-Gentilucci, U.; Picardi, A. Diagnostic value of Virtual Touch Quantification (VTQ®) for differentiation of hemangiomas from malignant focal liver lesions. Med. Ultrasound. 2019, 21, 371–376. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, H.P.; Gu, J.Y.; Bai, M.; Li, F.; Zhou, Y.Q.; Du, L.F. Value of shear wave elastography with maximal elasticity in differentiating benign and malignant solid focal liver lesions. World J. Gastroenterol. 2020, 26, 7416–7424. [Google Scholar] [CrossRef]

	



Dietrich, C.F.; Pállson Nolsøe, C.; Barr, R.G.; Claudon, M.; Choi, B.I.; Cosgrove, D.O.; Kudo, M.; Piscaglia, F.; Wilson, S.R.; Chammas, M.C.; et al. Guidelines and good clinical practice recommendations for contrast enhanced ultrasound (CEUS) in the liver–update 2020–WFUMB in cooperation with EFSUMB, AFSUMB, AIUM, and FLAUS. Ultraschall. Med. 2020, 41, 562–585. [Google Scholar]

	



Sporea, I.; Săndulescu, D.L.; Şirli, R.; Popescu, A.; Danilă, M.; Spârchez, Z.; Mihai, C.; Ioanițescu, S.; Moga, T.; Timar, B.; et al. Contrast-enhanced ultrasound for the characterization of malignant versus benign focal liver lesions in a prospective multicenter experience-The SRUMB Study. J. Gastrointest. Liver Dis. 2019, 28, 191–196. [Google Scholar] [CrossRef]

	



Strobel, D.; Seitz, K.; Blank, W.; Schuler, A.; Dietrich, C.; von Herbay, A.; Friedrich-Rust, M.; Kunze, G.; Becker, D.; Will, U.; et al. Contrast-enhanced ultrasound for the characterization of focal liver lesions-diagnostic accuracy in clinical practice (DEGUM multicenter trial). Ultraschall. Med. 2008, 29, 499–505. [Google Scholar] [CrossRef]

	



Sparchez, Z.; Mocan, T. Contemporary role of liver biopsy in hepatocellular carcinoma. World J. Hepatol. 2018, 10, 452–461. [Google Scholar] [CrossRef]

	



Sidhu, P.S. Multiparametric ultrasound (MPUS) imaging: Terminology describing the many aspects of ultrasonography. Ultraschall. Med. 2015, 36, 315–317. [Google Scholar] [CrossRef]

	



Popescu, A. Multiparametric ultrasound (MPUS) or “the many faces” of ultrasonography. Med. Ultrasound 2019, 21, 369–370. [Google Scholar] [CrossRef]

	



Dietrich, C.F.; Averkiou, M.A.; Correas, J.M.; Lassau, N.; Leen, E.; Piscaglia, F. An EFSUMB introduction into dynamic contrast-enhanced ultrasound (DCE-US) for quantification of tumour perfusion. Ultraschall. Med. 2012, 33, 344–351. [Google Scholar] [CrossRef]

	



Grgurevic, I.; Tjesic Drinkovic, I.; Pinzani, M. Multiparametric ultrasound in liver diseases: An overview for the practising clinician. Postgrad Med. J. 2019, 95, 425–432. [Google Scholar] [CrossRef]

	



Moga, T.V.; Popescu, A.; Sporea, I.; Danila, M.; David, C.; Gui, V.; Iacob, N.; Miclaus, G.; Sirli, R. Is contrast enhanced ultrasonography a useful tool in a beginner’s hand? how much can a computer assisted diagnosis prototype help in characterizing the malignancy of focal liver lesions? Med. Ultrasound 2017, 19, 252–258. [Google Scholar] [CrossRef] [PubMed]

	



Ta, C.N.; Kono, Y.; Eghtedari, M.; Oh, Y.T.; Robbin, M.L.; Barr, R.G.; Kummel, A.C.; Mattrey, R.F. Focal liver lesions: Computer-aided diagnosis by using contrast-enhanced US cine recordings. Radiology 2018, 286, 1062–1071. [Google Scholar] [CrossRef] [PubMed]

	



Hasab Allah, M.; Salama, R.M.; Marie, M.S.; Mandur, A.A.; Omar, H. Utility of point shear wave elastography in characterisation of focal liver lesions. Expert Rev. Gastroenterol. Hepatol. 2018, 12, 201–207. [Google Scholar] [CrossRef]

	



Berzigotti, A.; Ferraioli, G.; Bota, S.; Gilja, O.H.; Dietrich, C.F. Novel ultrasound-based methods to assess liver disease: The game has just begun. Dig. Liver Dis. 2018, 50, 107–112. [Google Scholar] [CrossRef]

	



Gallotti, A.; D’Onofrio, M.; Romanini, L.; Cantisani, V.; Pozzi Mucelli, R. Acoustic radiation force impulse (ARFI) ultrasound imaging of solid focal liver lesions. Eur. J. Radiol. 2012, 81, 451–455. [Google Scholar] [CrossRef] [PubMed]

	



Grgurevic, I.; Bokun, T.; Salkic, N.N.; Brkljacic, B.; Vukelić-Markovic, M.; Stoos-Veic, T.; Aralica, G.; Rakic, M.; Filipec-Kanizaj, T.; Berzigotti, A. Liver elastography malignancy prediction score for noninvasive characterization of focal liver lesions. Liver Int. 2018, 38, 1055–1063. [Google Scholar] [CrossRef] [PubMed]

	



Bota, S.; Sporea, I.; Sirli, R.; Popescu, A.; Danila, M.; Costachescu, D. Intra- and interoperator reproducibility of acoustic radiation force impulse (ARFI) elastography—Preliminary results. Ultrasound Med. Biol. 2012, 38, 1103–1108. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 10 01710 g001 550] 





Figure 1. Shows a VTQ (Virtual Touch Quantification) measurement in an hepatocellular carcinoma (HCC) nodule. 
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Table 1. Patients’ characteristics.






Table 1. Patients’ characteristics.









	Variable
	Patients (n = 88)





	Age (years)
	62 ± 9.5



	Male
	56 (63.3)



	Underlying disease
	



	Compensated cirrhosis
	71 (80.7)



	Decompensated cirrhosis
	17 (19.3)



	Etiologies of cirrhosis
	



	HCV
	38 (43.2)



	Alcohol
	22 (25)



	HBV
	23 (26.1)



	Multiple etiologies
	5 (5.7)







The results are expressed as mean ± SD (range) or number (%). HCV; hepatitis C virus, HBV; hepatitis B virus.
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Table 2. Nodules’ characteristics.






Table 2. Nodules’ characteristics.





	Variable
	HCC Nodules (n = 88)





	Size (cm)
	4.9 ± 2.2



	Depth (cm)
	5.1 ± 1.8



	VTQ mean in HCC (m/s)
	2.16 ± 0.75



	VTQ mean in liver parenchyma (m/s)
	2.78 ± 0.92



	VTQ ratio (m/s)
	1.33 ± 0.66







The results are expressed as mean ± SD (range). HCC; hepatocellular carcinoma, VTQ; virtual touch quantification.
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Table 3. VTQ means (m/s) for HCCs with a 3 cm threshold.






Table 3. VTQ means (m/s) for HCCs with a 3 cm threshold.





	HCC (n = 88)
	VTQ Mean (m/s)





	HCC ≤ 3 cm (n = 24)
	2.05 ± 0.67



	HCC > 3 cm (n = 64)
	2.21 ± 0.78







The results are expressed as mean ± SD (range). HCC; hepatocellular carcinoma, VTQ; virtual touch quantification.
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