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Abstract

Recent interests have focused on the exploration of the mechanical properties (elasticity, stiffness and deformity) of parenchymatous organs using tissue strain imaging techniques and elastosonography. Measures of the mechanical properties of the kidneys have given conflicting results. There are various conditions that affect the variability of renal parenchymal measures, the main target of the investigations. They can be classified as intrinsic (depending upon the patient), extrinsic (depending upon the operator) and mixed (both intrinsic and extrinsic). Indeed, the mechanical properties of the kidney depend on various conditions that alter its histology, mainly the amount of fibrosis in the renal parenchymal interstitium. Anatomical factors play an important role because the kidney is a highly anisotropic organ with important differences when considering the cortex and the medulla. Physical factors include the frequency of the probe, compression and distance from source to target. Many factors can affect measurements and it is necessary to find an accurate technique in order to avoid mistakes and to obtain reproducible data. Indeed, it is imperative to define a standardized examination technique in order to get comparable results. Therefore, the utility of acoustic radiation force imaging technique to predict only renal fibrosis or progression of chronic kidney disease is of dubious value because several variables - blood perfusion and urinary pressure - can contribute to a given measure, even with a standardized method able to minimize intra- and inter-operator variability.
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Core tip: Recent interests have focused on the exploration of the mechanical properties (elasticity, stiffness and deformity) of parenchymatous organs using tissue strain imaging techniques and elastosonography. Many factors can affect measurements and an accurate technique is necessary in order to avoid mistakes and to obtain reproducible data. The use of tissue strain imaging techniques to predict only renal fibrosis or progression of chronic kidney disease is of dubious value because other variables - blood perfusion and urinary pressure - can contribute to a given measure, even with a standardized method able to minimize intra- and inter-operator variability.
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INTRODUCTION
Recent interests have focused on the exploration of the mechanical properties (elasticity, stiffness and deformity) of parenchymatous organs using tissue strain imaging techniques and elastosonography. They basically work in the same way: a force induces a modification in a tissue that is closely related to its elasticity[1]. 

Tissue strain imaging can be divided into two categories: quasi-static and dynamic methods[2]. The dynamic methods are based on detection and tracking of shear waves resulting from mechanical vibration of tissue[3]. Two main categories can be identified (external and internal methods) based on the applied stimulus[4]. Internal methods [i.e., acoustic radiation force imaging technique (ARFI) and supersonic shear waves (SSW) elastography] involve selecting a region of interest (ROI) on a gray-scale map, after which an acoustic push pulse is aimed directly at it, inducing the generation of SSW[5]. 

ARFI imaging has been demonstrated in many clinical settings, using various transducers and beam sequences depending upon the application, with promising results. These include: abdominal imaging, cardiac imaging, vascular imaging, breast imaging, nerve imaging, prostate imaging, and monitoring thermal ablation procedures[6]. To date, the liver is the organ most frequently studied with the ARFI technique, especially to obtain a measure of fibrosis and cirrhosis[7]. In these sceneries, no particular debates have been reported.
CONTROVERSIES AND NEW TRENDS
Measures of the mechanical properties of the kidneys have given conflicting results. For example, the levels of renal shear wave velocity (SWV) reported in an Italian paper[8] are twice the levels obtained by a Turkish team[9] and a Chinese team[10] that used the same device (Acuson S2000). Moreover, Göya et al[9] reported that the more serious the renal damage, the slower the propagation of shear waves[11], in contrast to the results reported by Bruno et al[8] for older children. The explanation comes from understanding the factors which can influence ARFI measurements. 

There are various conditions that affect the variability of renal parenchymal measures, the main target of the investigations. They can be classified as intrinsic (depending on the patient), extrinsic (depending on the operator) and mixed (both intrinsic and extrinsic). These variables indicate some problems related to the technical approach and to the failure of standardized procedures. They make it difficult to have comparable results among different studies.

The first intrinsic factor is the age of the patients. Normal kidneys in healthy subjects showed variations of SWV values according to age[10]. Recently, kidney shear wave speed values assessed by ARFI elastography in “normal” patients were reportedly influenced mainly by age and gender, with lower values being obtained in older patients and in men[12].

Moreover, as well as other parenchymatous organs, the mechanical properties of the kidney depend on various conditions that alter its histology, mainly the amount of fibrosis in the renal parenchymal interstitium. Theoretically, the more ﬁbrosis and inﬂammation present in the parenchyma, the greater the ARFI measures should be. 

Various degrees of fibrosis depending on the cause of damage, the time elapsed since damage, the degree of anisotropy, and the level of vascular and urinary pressure may have an impact on SWV of the renal cortex[11]. Changes in intrarenal vascular structure and renal blood flow may have a greater influence on SWV values. Asano et al[13] showed that a decrease in blood flow affects SWV values in the kidneys more than the progression of tissue fibrosis. Gennisson et al[14], in pig models, showed that the intrarenal elasticity values varied with tissue anisotropy and with vascular and urinary pressure levels. In particular, parenchymal elasticity increased linearly with elevation of urinary pressure. Nephro-urological pathology is another condition that may influence results since it is responsible for changes in renal blood perfusion and urinary pressure[8]. Studies have shown that variability of measurements in the renal parenchyma is a real issue, whichever elastography technique is used[15,16].

Other variables, in addition to tissue conditions, such as measure setting and target of the measures (subcapsular, cortex and medulla) can affect results. Anatomical factors play an important role[17] as well because the kidney is a highly anisotropic organ with important differences when considering the cortex and the medulla[18]. When observing each renal segment, the collecting ducts and vasa recta are disposed perpendicularly to the capsule and constitute a pathway along which shear waves travel at different speeds. 

Physical factors include frequency of the probe, compression and distance from source to target. A lower frequency is related to lower frequency of the radiation force pulses and thus to a higher acoustic pressure with higher SWV[19]. However, greater compression gives higher SWV values because it gives a higher elastic modulus with greater SWV[20]. The distance from source to target is also important because for each frequency an optimal distance can be found where variability is minimum. Bota et al[12] showed that measurement depth negatively influences kidney shear wave speed values: the lower the depth the higher the SWV. 

Generally speaking, SWV is related to the strength of compression[20], the source to target distance (Figure 1), the orientation of the ROI[21] and, most important of all, anisotropy, which has great influence when dealing with kidneys. The kidney is a highly anisotropic organ[18], and the particular decubitus when evaluating patients (for instance lying prone or supine or in lateral decubitus) is able to alter results (Figure 2). 

Again, many factors can affect measurements and it is imperative to find an accurate technique in order to avoid mistakes and to obtain reproducible data. So the issue is to define a protocol for ARFI evaluation (as was done for the liver) able to minimize the differences between operators, and which includes standardization of the source to target distance, positioning of the ROI (avoiding the medulla or the dilated pyelo-caliceal system) and, of course, the patient’s decubitus. Moreover, in order to get comparable results, it is mandatory to have a standardized examination technique that clearly states that the operator should always exert the same compression on the kidney, with an ROI completely included in the cortex. The main axis of the US beam must be placed parallel to the pyramids in the segment of interest, always with the probe at the same angle, in order to minimize any effects of anisotropy[14]. 

CONCLUSION
Based on the findings cited above, the utility of ARFI analysis to predict only renal fibrosis or the progression of chronic kidney disease is of dubious value because other variables - blood perfusion and urinary pressure - can contribute to a given measure, even with a standardized method that can minimize intra- and inter-operator variability (patient position, probe frequency, ROI, compression, etc). Accordingly, the clinical significance of the measures obtained remains to be explored.
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Figure 1 Effects of different source-to-target distance. A: Distance 2 cm, SWV = 3.08 m/s; B: As the distance becomes greater (4.9 cm), the SWV decreases (2.40 m/s). SWV: Shear wave velocity. 
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Figure 2 Effects of anisotropy. A: Distance 1.7 cm, SWV = 3.55 m/s; B: Distance 2.2 cm, SWV 2.32 m/s. The SWV difference between the two measurements is greater than what is expected considering only the source-to-target distance. This is an effect of renal anisotropy and a consequence of an incorrect orientation of the ROI. SWV: Shear wave velocity; ROI: Region of interest.
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