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Abstract: Renal elastography is a real-time ultrasound-based imaging method that can potentially be used
in order to assess di�use diseases of native kidneys. In order to �nd a place in the clinical practice for renal
elastography, what is in�uencing the obtained results should be known. The kidney shear wave speed is
in�uenced by di�erent factors such as age, gender, measurement depth or urinary pressure. The relationship
with renal function and also with renal �brosis is di�erent across di�erent studies, with not all studies showing
an increase in renal sti�ness in more advanced renal diseases. However, the changes in renal blood �ow seem to
in�uence renal elastography, and a decrease in renal blood �ow could be the cause of the decrease in the shear
wave speed and could have a bigger in�uence on elastography compared to renal �brosis. This paper provides
a summary about the factors that seem to in�uence renal elastography and also regarding the limitations of
this method according to the published studies thus far.
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Introduction

Chronic kidney disease (CKD) has an increasing incidence and prevalence, and its progression is associated
with high morbidity, mortality and increased health costs [1]. Therefore, it is very important to early
diagnose CKD and to properly quantify the progression of the disease using di�erent markers (biomarkers,
histology, imaging).

Conventional ultrasound is used in order to assess the kidneys, but this method provides us with only a few
pieces of quanti�able information regarding renal size and parenchyma thickness, which both decrease with
the progression of CKD. Ultrasound also o�ers us some non-quanti�able data regarding the echogenicity of
the renal cortex, which increases due to the progression of �brosis in the advanced stages of CKD, when the
kidneys become sti�er.
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In order to feel the consistency of the di�erent tissues, we use palpation during the physical exam, a method
that is quite di�cult to perform on small kidneys. To obtain more detailed information that combines
palpation with the ultrasound image, we could use a new ultrasound-based method, namely, elastography.
This non-invasive method is already used in the clinical practice in the assessment of di�erent organs, such as
the liver—in both di�use [2,3] or focal lesions [4]—spleen [5,6], thyroid [7,8] or prostate [9].

Elasticity is an intrinsic property of a tissue that permits, after an initial stress, deformation, with a subsequent
return to the normal shape. According to the technology used, there are the following methods of measuring
the elasticity of tissues:

1. Strain Elastography (SE)

This method is based on manual compression and measures the strain or displacement of the tissue. The
method can be used only for super�cial kidneys, and particularly renal transplants [10].

2. ShearWave Elastography

This method basically measures the tissue shear wave speed or velocity (SWV). The SWV (expressed in m/s)
correlates with Young’s modulus (kPa), which is a measure of tissue sti�ness; thus, a sti�er tissue leads to a
faster SWV.

(a) Transient Elastography (TE) is based on controlled external vibration that generates shear waves. This
method is mainly used for assessing the sti�ness of liver tissue (Fibroscan). The use of TE in the kidneys
is di�cult, and very few studies have been published using this method because the heterogeneous kidney
morphology can a�ect the performed measurements [11].

(b)Acoustic radiation force impulse (ARFI) excitation is based on focused acoustic radiation force pushing
pulses that generate shear waves inside the organ. These shear waves propagate and are progressively attenuated
due to their absorption in the soft tissue, and their speed of propagation can be measured, resulting in the
SWV. The advantage of ARFI is based on the fact that the same transducer is used to generate shear waves and
to image their propagation, and it is integrated into a standard ultrasound system [12]. There are two types
of ARFI:

- Point shear wave elastography (pSWE). The result is an average value inside a region of interest (ROI). The
systems/machines that use pSWE are as follows: Virtual Touch Quanti�cation (Siemens S2000, S3000)
(Figure 1), and Elastography Point Quanti�cation (Phillips A�niti) (Figure 2).
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Figure 1. Renal elastography using a pSWE method: Siemens Acuson S2000TM ultrasound system using Virtual
TouchTM Tissue Quanti�cation (VTQ) application, software version 2.0 (Siemens AG, Erlangen, Germany), with a
4CI transducer. Results of kidney SWE are expressed in m/s.

Figure 2. Renal elastography using a pSWE method: Phillips A�niti ultrasound system using an Elastography Point
Quanti�cation system with a 4CI transducer. Results of kidney SWE are expressed in m/s.

- Shear wave speed imaging (2D-SWE). The information is reported as a color-coded map mosaic inside the
ROI. Systems that use this method are as follows: the 2D-SWE-SSI technique (Aixplorer) (Figure 3), and
2D-SWE-GE (General Electric) (Figure 4).
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Figure 3. Renal elastography using a 2D-SWE method: SuperSonic Imagine Aixplorer® ShearWave™ elastography
system with a SuperCurved™ SC6-1 transducer. Results of kidney sti�ness are expressed in kPa.

Figure 4. Renal elastography using a 2D-SWE method: Logiq E9- GE ultrasound system.

For the assessment of native kidneys, especially for di�use renal diseases, the last two mentioned methods
(pSWE and 2D-SWE) seem to be suitable and will be referred to in this article.



TimisoaraMed. 2021, 2021(1), 3 5

What Is In�uencing Renal Shear Wave Velocity?

Renal elastography (pSWE or 2D-SWE) should be performed with the patient in the lateral decubitus position
and being asked to stop breathing for a moment, in order to minimize breathing motion. The image obtained
is a normal ultrasound image, and there is the region of interest (ROI) superimposed on it, inside which the
kidney shear wave speed is measured (Figures 1–4). The ROI has a maximum depth of 8 cm and should be
placed in the mid-portion of the renal parenchyma. The result is displayed on the screen and is expressed
either in m/s or in kPa. When using a standardized approach of the native kidneys, the method proved to be
reproducible between observers [13,14].

The normal kidney shear wave speed measured at the cortical level of the kidneys is quite di�erent according to
di�erent studies and depending on the elastography system that has been used. Thus, for pSWE, the normal
values range between 2.15 and 2.54 m/s (for the VTQ system), while for 2D-SWE, they range between 1.23 and
1.54 m/s [15].

The kidney shear wave speed seems to be in�uenced by age, with a decrease in renal sti�ness in older subjects,
and also by gender, with men showing lower values compared to women [16,17]. Another in�uencing factor is
the measurement depth, with the kidney shear wave speed decreasing with increasing depth [15,18,19].

Another factor that could in�uence the SWV is the urinary pressure. There are some published studies that
addressed this topic, but the results are not consistent. In a study performed on 51 children with di�erent
degrees of hydronephrosis, the SWV was increased in the kidneys of a�ected children compared to controls [20].
In another study performed on 88 children, the SWV decreased with increasing grades of vesicoureteral
re�ux [21]. A third smaller study (37 children) using shear wave elastography was not able to discriminate
between obstructive and unobstructive hydronephrosis [22].

For the clinical practice, it would be of great importance to �nd out what pathological changes in kidneys
with chronic kidney disease in�uence the SWV. From the studies performed on the liver, it is known that
liver sti�ness increases with the progression of liver disease, due to �brosis. As the histological background
of chronic kidney disease is renal �brosis, it can be hypothesized that similar changes occur in the kidneys,
and therefore the progression of kidney disease should lead to an increase in the SWV. However, the studies
published thus far that compare elastography performed in patients with CKD with normal controls show
some interesting aspects.

There are studies that con�rm the initial hypothesis of signi�cantly increased SWV values in patients with
CKD compared to normal controls [23–27]. However, other authors do not con�rm these results and the
initial hypothesis (of the increase in renal sti�ness with the presence or progression of renal disease) [15,28,29].
Moreover, it has been shown that kidney shear wave speed values are signi�cantly decreased in patients with a
decreased glomerular �ltration rate (eGFR) [30–32]. Despite the statistically signi�cant correlation between
the kidney SWV and the eGFR that is mentioned in some studies, no signi�cant di�erences could be found
between the SWV levels in the di�erent stages of CKD, and the e�cient use of elastography in order to
di�erentiate between di�erent stages of CKD could not be proven yet [33,34].

The attempts made thus far to establish cut-o� values of the kidney SWV for the diagnosis of CKD are
mainly directed towards more advanced stages of CKD (stage G3). Thus, pSWE using the VTQ system had a
sensitivity of 67.4% and a speci�city of 67.8% in predicting an eGFR of <60 mL/min in patients with diabetic
kidney disease with a kidney SWV of 2.32 m/s or less [35]. More reliable results have been reported with
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another elastography system—2D-SWE from GE—which, for an SWE cut-o� value of 1.47 m/s or less, could
predict the presence of CKD, with a sensitivity of 89.2% and a speci�city of 76.9% [33].

The diagnostic accuracy of elastography is higher if the results of the kidney SWV are combined with other
elements. In a study of patients with diabetic kidney disease, it was shown that combining kidney SWV values
obtained using the Elast-PQ method with the urinary albumin/creatinine ratio and diabetes duration, based
on a logistic regression model, signi�cantly improved the accuracy of diagnosing early diabetic kidney disease
compared to the use of the predictors independently [36].

Correlation between Elastography and Histological Parameters

The surprising correlations mentioned above, such as the decrease in many of the published studies of the
kidney SWV in more advanced stages of renal disease, raise the question concerning whether there is a
relationship between elastography and histological changes at the level of the kidney, and if �brosis in�uences
elastography measurements.

Most of the studies that compare elastography with histological parameters were performed in renal transplant
recipients [9,37–43]. In native kidneys, there are studies using di�erent elastography systems (VTQ, Elast-PQ)
that show a statistically signi�cant increase in the kidney SWV in patients with more severe renal (glomerular
and tubulointerstitial) histological changes [22,44]. In a study performed using the 2D-SWE-SSI elastography
method, it has been shown not only that kidney sti�ness positively statistically signi�cantly correlates with
the degree of glomerulosclerosis and tubulointerstitial �brosis but also that patients with a lower kidney SWV
showed a better response to corticotherapy [45].

However, not all published studies show similar results regarding the relationship between kidney elastography
and histological changes. There is one study that shows no statistically signi�cant correlation of the
kidney SWV with the studied histological parameters (glomerulosclerosis index, tubular atrophy, interstitial
�brosis) [46]. In another study performed in living kidney transplantation donors, in whom elastography was
performed before nephrectomy and renal biopsies before implantation, there were no statistically signi�cant
correlations between the histological parameters (interstitial �brosis and tubular atrophy) and the kidney
SWV (although the kidneys with more pronounced interstitial �brosis had a non-signi�cant lower SWV) [16].

In a study performed on 163 patients with CKD and 32 healthy volunteers by Hu Q. et al., it was shown
that subjects with an impaired histological score showed a reduced kidney SWV [30]. Similar results were
reported in a smaller pilot study performed on patients with glomerulonephritis, in whom the presence of
tubulo-interstitial �brosis or of arteriolar hyalinosis was associated with signi�cantly decreased values of the
SWV [47]. In another study performed in patients with IgA nephropathy, it was shown that the kidney
SWV was signi�cantly lower in more severe diseases, but combining the kidney SWV with conventional
ultrasound features (renal length, parenchymal thickness, resistance index) improved the prediction of the
di�erent �brosis stages [48].

The lack of consistency between the di�erent results of studies that compared histology with elastography of
the kidney could be due to the heterogeneous patterns of histologic involvement in di�erent types of renal
disease (glomerular, vascular and tubulointerstitial). This could also lead to the conclusion that other factors
besides histological changes (renal �brosis) are involved in in�uencing the SWV at the level of the kidney.
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The Question of Renal Blood Flow

As the vascularization of the kidney is increased, it is possible that the SWV is in�uenced by renal blood
�ow [49,50]. There are experimental data available that emphasize this hypothesis. The increase in renal
pressure by cannulating an ex vivo kidney and introducing saline showed a signi�cant increase in renal
sti�ness measured using 2D-SWE (Aixplorer) [51]. Moreover, after ligation of the renal artery in experimental
animal kidneys, a decrease in the SWV is noted, while after ligation of the renal vein, an increase in the SWV
occurs [52,53].

These experimental data have been con�rmed in human kidneys as well. In a case report of a patient with
renal vein thrombosis, it was shown that the SWV was increased in the kidney with renal vein thrombosis
compared to the contra-lateral kidney [54]. A very important piece of evidence sustaining the renal blood
�ow hypothesis is the paper published by Asano et al. that shows that a low kidney SWV was obtained in
patients with a high brachial–ankle pulse wave velocity (PWV). This means that in patients in whom there is
a progression of arteriosclerosis in the large vessels (high PWV), the kidney SWV is low, probably explained by
the decreased renal blood �ow in these patients [47]. These results were con�rmed in another study performed
in patients with diabetic kidney disease that showed a negative, statistically signi�cant correlation between the
KSWS, on the one hand, and the PWV and aortic augmentation index, on the other hand [55].

It is possible that the relationship between renal blood �ow and renal sti�ness explains the results of a study that
showed that patients with a lower kidney SWV had a higher risk of bleeding after renal biopsy [56]. Another
study that is in favor of the hypothesis that renal hemodynamics in�uences renal sti�ness was performed by
Lee et al. on renal transplant recipients. The authors showed that in patients with a low kidney weight/body
weight ratio, in which an adaptive glomerular hyper�ltration occurs, the result is an increased kidney SWV [39].
In another study performed by Wang et al. in patients with gestational hypertension, characterized by renal
hypoperfusion, it was shown that a high blood pressure was associated with a low renal elasticity [57].

The relationship between the results of renal elastography and renal blood �ow has also been con�rmed using
two-dimensional time-harmonic ultrasound elastography, a method that combines 2D-SWE with the use of a
vibration bed generating continuous vibrations, thus permitting deeper measurements (13 cm) and obtaining
elastograms that cover a full �eld (the entire kidney and not just an ROI) [58]. Using this type of device,
Grossman et al. showed that in patients with glomerulonephritis (even in CKD stage 1), the kidney SWV was
signi�cantly lower compared to normal controls, and the negative, statistically signi�cant correlations with
the resistive index might indicate that renal blood �ow in�uenced the obtained results [59].

Thus, a renal blood �ow decrease could be the cause of the decrease in the SWV and could have a bigger
in�uence on the SWV compared to renal �brosis. Intrarenal blood �ow is decreased due to the progression of
�brosis, having opposite e�ects on the renal SWV, a fact that could explain why renal �brosis is not associated
with an increase in renal sti�ness in some of the cited studies (see Table 1) [30,46,47].
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Table 1. Main published studies of elastography in native kidneys.

Study Elastography
Method

Patient Population (Number, Type of
Subjects) Histology SWV in CKD *

Guo LH et al., 2013 [17] VTQ 64 CKD patients/
327 healthy subjects no decrease

Hu Q et al., 2014 [31] VTQ 163 CKD patients/
32 healthy subjects yes decrease

Yu N et al., 2014 [24] VTQ 120 diabetic patients/
30 healthy subjects no increase

Asano K et al., 2014 [49] VTQ 309 CKD patients/
14 healthy subjects no decrease

Wang L et al., 2014 [46] VTQ 45 CKD patients yes no relationship

Cui G et al., 2014 [23] VTQ 76 CKD patients yes increase

Bob F. et al., 2015 [32] VTQ 46 CKD patients/
58 healthy subjects no decrease

Samir AE et al., 2015 [26] 2D-SWE-SSI 25 CKD patients/
20 healthy subjects no increase

Bob F. et al. (2); 2015 [47] VTQ 20 CKD patients yes moderate decrease

Alan B. et al., 2016 [30] VTQ 76 coronary artery disease patients/
79 healthy subjects no decrease

Bob F. et al., 2017 [35] VTQ 80 diabetic kidney disease patients/
84 healthy subjects no decrease

Bilgici MC. et al., 2017
[28] VTQ 30 CKD patients/

38 healthy subjects—pediatric patients no decrease

Sasaki Y et al., 2018 [33] VTQ 187 CKD patients no no relationship

Yang X. et al., 2018 [25] VTQ
90 idiopathic nephrotic syndrome CKD
patients/
30 healthy subjects

no increase

Grosu et al., 2018 [29] Elast-PQ 102 CKD patients/
22 healthy subjects no decrease

Liu QY. et al., 2019 [36] Elast-PQ 69 diabetic kidney disease patients/
40 diabetic controls no increase

Hu Q. et al., 2019 [48] VTQ 146 IgA nephropathy patients/
39 healthy volunteers yes decrease

Grosu et al., 2019 [34] 2D-SWE-GE 42 CKD patients/
50 healthy subjects no decrease

Sumbul HE et al., 2020
[27] Elast-PQ 125 diabetic, prediabetic patients and

controls no increase

Yang X et al.2020 [45] 2D-SWE-SSI 120 idiopathic nephrotic syndrome—CKD
patients yes increase

Lee et al., 2021 [18] VTQ 73 (biopsies of kidney donors before
transplant) yes no (tendency to

decrease)

Leong SS et al., 2021 [44] ElastPQ 75 CKD patients yes increase

* The terms “increase” and “decrease” represent a statistically signi�cant change in the SWV in CKD compared to
healthy subjects, or in more severe CKD compared to less advanced stages.
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The Di�culty of the Use of Elastography in Kidneys

As shown in the presented studies, the results obtained using elastography in native kidneys for the assessment
of di�use diseases are quite heterogenous. Although the assessment, when using pSWE or 2D-SWE, has
certain advantages such as the fact that the image is obtained in real time, without a special prior preparation
of the subjects and without complications of the procedure, the use of elastography in the assessment of the
kidneys is more di�cult compared to the use in other organs.

First of all, the di�cult interpretation of the results is due to the architecture of the renal tissue, characterized
by a high degree of anisotropy, which has an impact on the measured kidney SWV [60]. Thus, it is important
how the ultrasound main axis enters the kidneys, either parallel to the renal pyramid axis, when the ROI is
established in the mid-portion of the renal parenchyma, or perpendicular to the renal pyramid axis, when
the ROI is established in the superior or inferior renal pole [51]. The shear wave speed obtained in the two
situations is di�erent. However, it has been proposed recently to bene�t from the anisotropy, to standardize
the variation in the SWE in the kidneys and to use the obtained anisotropic ratio as a diagnostic and monitoring
marker in CKD [61].

A problem of performing elastography in the kidneys is the fact that the dimension of the ROI is �xed at 1
cm. If the measurements are performed at the level of the parenchyma, the method will be di�cult to use in
patients with a reduced size of the parenchyma, namely, in patients with advanced CKD. Despite the fact that
apparently the sti�ness of the medulla is lower compared to that of the cortex [62], in practice, it is di�cult to
di�erentiate between the cortex and the medulla, also because of the size of the ROI.

It is important, however, to mention another aspect related to the particularities of renal elastography: the
importance of reverberation artifacts, which are common ultrasound artifacts and occur when a sound
pulse reverberates back and forth between two strong parallel re�ectors. Therefore, when performing liver
elastography, there is a recommendation to establish the ROI 1.5–2 cm beneath the capsule in order to avoid
these artifacts that lead to increased measured values [63]. Regarding renal elastography, because of the
architecture of the kidneys, it is di�cult to avoid reverberation artifacts, due to the necessity to establish the
ROI just beneath the renal capsule.

Another problem is related to the compression of the transducer. In a study published by Correas, it was shown
that the cortex sti�ness increases from 34 to 92 kPa after increasing the compression with the transducer [63].
In practice, it is possible that if the kidneys are super�cial, the di�erent applied transducer force, which cannot
be quanti�ed, could intervene, leading to di�erent SWVs.

Another limitation of this method is the fact that the di�erent methods that are available, and that have
been mentioned previously, come from di�erent providers, and no correlation tables are available in order to
compare the results obtained with di�erent transducers from di�erent manufacturers. A step towards a better
understanding of the di�erent systems would be an analysis of raw data. It has recently been pointed out in a
study performed by Richard Barr, who analyzed raw data of three di�erent machines (Siemens, Phillips and
Aixplorer), that in order to obtain more accurate renal sti�ness data from an elastographic system, improved
processing algorithms are needed [64].

Conclusion

Elastography is a real-time imaging method that could be useful in the assessment of the kidneys, with the
technique having a good reproducibility between observers and also showing a good technical performance
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for the measurement of renal parenchymal sti�ness [12]. However, despite this fact, there are multiple factors
that in�uence renal sti�ness results obtained with the di�erent elastography devices, such as age, gender,
measurement depth, urinary pressure, �brosis and, especially, renal blood �ow (Figure 5). This is why the
relationship between the kidney SWV and renal function is not completely established.

Figure 5. Kidney shear wave velocity (SWV) is in�uenced by multiple factors.

Considering these aspects, at the moment, no evidence-based recommendations can be o�ered for the use of
this method in native kidneys [11]. Therefore, more extensive studies are needed in order to establish which
factors in�uence the kidney SWV in patients with CKD, and thus to �nd the place and indication of renal
elastography in the clinical practice.
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