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Abstract: New diagnostic methods are required to diagnose renal mass. Thus, we assessed virtual tissue quantifi-
cation (VTQ) of acoustic radiation force impulse (ARFI) elastography in differentiation of renal solid masses. Forty-
two patients with renal masses were assessed by VTQ in terms of measurement of the shear wave velocity (SWV). 
The masses were divided into three groups. They were clear cell carcinoma (CCC) angiomyolipoma (AML), and 
pseudotumor. The differences among the three groups in SWV, as well as between masses and its surrounding pa-
renchyma, were investigated. Receiver operating characteristic (ROC) curve was plotted to evaluate the diagnostic 
performance. We found that the SWV among the three groups were significant different (F = 6.976, P = 0.003) and 
the SWV of pseudotumor (3.14 ± 0.75 m/s) was significantly higher than CCC (2.46 ± 0.45 m/s) and AML (2.49 ± 
0.63 m/s) (P = 0.007 and 0.001 respectively). There were no significant difference between CCC and AML in SWV 
(P = 0.719). For each group, there was no significant difference between the mass and its surrounding parenchyma 
(P = 0.693, 0.892, and 0.714, respectively). Between pseudotumor and CCC, the optimal cut-off value of SWV for 
differential diagnoses was 3.07 m/s; and the area under the ROC curve (AUC) was 0.78 (95% CI: 0.560 to 0.924) 
(P = 0.004), the sensitivity and specificity were 100% and 58.3%, respectively. Between pseudotumor and AML, the 
optimal cut-off value of SWV for differential diagnoses was 3.03 m/s, thus AUC curve was 0.786 (95% CI: 0.591 
to 0.918) (P = 0.002), the sensitivity and specificity were 100% and 58.3%, respectively. No significant difference 
was found between AML and CCC (P = 0.587) and the AUC was 0.562. To conclude, our results support that ARFI 
has potential value in differentiation between CCC and pseudotumor, or between AML and pseudotumor, however, 
it fails to make a distinction between CCC and AML.
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Introduction

Renal solid masses are being discovered at 
increasing rates due to the wide accessibility of 
modern high resolution imaging procedures [1], 
however, some of them are still difficult to be 
differentiated by imaging alone, so that at least 
43% patients underwent unnecessary radical 
nephrectomy for being diagnosed as malig-
nance incorrectly [2]. Therefore, renal tumor 
biopsy was recommended to differentiate renal 
tumor [3]. Though complications such as hem-
orrhage were rare, whereas can not be avoided 
completely [4].

A new technology called acoustic radiation 
force impulse (ARFI) imaging is able to provide 
shear wave velocity (SWV) values to quantify 
the tumors’ elasticity. ARFI uses a short-dura-
tion acoustic radiation force with a fixed trans-
mission frequency from probe to transiently 
deform tissues in the region of interest (ROI), 
resulting in shear-wave propagation away from 
it. The dynamic displacement response of tis-
sues in ROI is tracked by US and expressed as 
SWV. The quantitative implementation of ARFI, 
known as virtual touch tissue quantification 
(VTQ), is used to measure SWV, so that the tis-
sue’s mechanical properties can be estimated 
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The clinical investigation was conducted 
according to the principles expressed in the 
Declaration of Helsinki. This study was approved 
by the Ethical Committee of the Tenth People’s 
Hospital of Tongji University. Written informed 
consents and consents for publication of 
patient medical images were obtained from all 
patients. 

VTQ elastography

All patients were examined using an Acuson 
S2000 ultrasound system (Siemens, Mountain 
View, CA, USA) equipping with the VTQ function. 
The convex probes (4 C1, frequency range: 1-4 
MHz) and mechanical index of 1.7 were applied.

Patients were scanned in the prone position by 
a radiologist with a with 7 years’ experience in 
abdominal US and 2 years’ experience in renal 
ARFI. The transducer was applied with suffi-
cient couplant to contact the skin completely. 
Moreover, the image settings such as gain, 
focus, zoom, and depth were constantly adjust-
ed to obtain optimal images. Conventional 
transverse and longitudinal US images were 
obtained for each targeted mass. The maxi-
mum diameter and depth (from the ventral 
margin to skin) of mass were recorded for later 
analysis.

Subsequently, VTQ was performed to evaluate 
the elastic properties of masses on the long 

[5]. Generally, the stiffer tissues are, the great-
er is the SWV [6].

As a noninvasive, newly developed, inexpen-
sive, safe and convenient technique, ARFI 
showed a sensitivity 71.87% and specificity 
69.69% in assessment of renal parenchyma 
fibrosis [7] and showed advantage in differenti-
ating between malignant and benign lesions in 
thyroid (sensitivity 71.87%, specificity 88.4%) 
[8] and liver (sensitivity 71.8%, specificity 
75.0%) [9]. Therefore, it may have potential 
value in differentiating or characterizing renal 
masses. In order to prove this hypothesis, a 
prospective study was conducted.

Materials and methods

Patients

A total of 88 patients (38 women and 50 men; 
age range, 22-88 years; mean age 50.2 ± 38.2 
years) from January 2013 to November 2013 
underwent both US and VTQ examination from 
a total of 6346 consecutive adult patients in 
the single center of a university hospital. The 
88 patients were recruited for the following 
inclusion criteria: (1) Patients were detected to 
have solid masses on conventional US. (2) 
Patients agreed to be underwent VTQ. Among 
them, 46 patients were excluded for the follow-
ing reasons: (1) Maximum diameter of mass 
was smaller than sample ROI (10 mm×6 mm) (n 

= 4); (2) Mass was cystic or almost 
cystic (< 25% solid) (n = 2); (3) 
Mass was deeper than 8 cm ( n = 
4); (4) Patients failed to cooperate 
with the VTQ measurement (n = 6); 
(5) Patients were diagnosed as 
end-stage renal disease (n = 1), 
which could influence the values of 
SWV; (6) Mass had not confirmed 
by pathologist or clinician (n = 29). 
Finally, a total of 42 patients were 
enrolled in this study. 33 patients 
of them had a single mass in each 
and the remaining 9 had multiple 
ones. For patients with multiple 
masses, the most suspicious one 
was selected to perform VTQ. 
When no nodules were suspicious, 
the largest one was selected. The 
details of the patient selection 
flowchart were shown in Figure 1.

Figure 1. The flowchart of the patients’ selection. (US, ultrasound; VTQ, 
virtual tissue quantification; ROI, region of interest; CCC, clear cell carci-
noma; AML, angiomyolipoma; n, number of patients).
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axis dimension by the same radiologist. The 
ROI cursor should be placed on the solid por-
tion without any extra-mass tissues involved, 
usually at the center. When performing VTQ, the 
probe was placed on the body surface with light 
pressure. Patients were asked to hold their 
breath when VTQ was performed. When press-
ing the button labeled “Update”, the value of 
SWV was displayed on the screen automatical-
ly. The measurement was repeated at the same 
point for 7 times. The highest and the lowest 
values were eliminated and the rest 5 measure-
ments were analyzed. To evaluating the elastic 
properties of surrounding parenchyma, the ROI 
was moved to the surrounding renal tissue at 
the same depth and the same procedure was 
repeated. Non-valid measurement (expressed 
as X. XX m/s) was occasionally encountered. 
When it occurred, a repeated measurement 
would be carried out instead.

Reference standard

In all 42 patients, 19 were diagnosed by pathol-
ogist with specimens obtained from biopsy and 
nephrectomy. Among them, 12 were diagnosed 
as RCC, with subtypes of CCC (n = 11) and chro-
mophobe cell tumor (n = 1); 7 were diagnosed 
as benign tumors, with subtypes of AML (n = 6) 
and renal oncocytoma (n = 1). 

The remaining 22 masses were diagnosed on 
the basis of clinical data. The clinical diagnosis 
was confirmed when following conditions were 
satisfied: (1) Typical imaging findings on con-
trast enhanced CT or MRI. (2) No change in 
imaging features during a follow-up at least one 
year. (3) Consensus of two experienced radiolo-
gists who were not involved in US examination 
and were specialized in kidney imaging after 
reviewing all the clinical data. As a result, the 
23 masses were diagnosed as AML (n = 10), 

hypertrophied column of Bertin (n = 11), and 
duplex kidney (n = 2), respectively. 

According to their diagnosis, the 42 patients 
were divided into three groups: Group 1, CCC (n 
= 11); Group 2, AML (n = 16); Group 3, because 
the “tumors” were all formed by anatomic varia-
tions of renal parenchyma, they were defined 
as pseudotumor (n = 13). Besides that, renal 
oncocytoma (n = 1) and chromophobe cell 
tumor (n = 1) would be discussed as single 
case separately.

Statistical analysis

The statistical analyses were carried out using 
SPSS20.0 software package (SPSS Inc, 
Chicago, IL). P < 0.05 was considered to be sta-
tistically significant. The differences of SWV 
among different masses were analyzed with 
one-way analysis of variance (ANOVA), followed 
by Least Significant Difference test (LSD) test. 
Receiver operating characteristics (ROC) curve 
and areas under curve (AUC) were used to esti-
mate the diagnostic performance. The cut-off 
value was defined by considering the highest 
sum of sensitivity and specificity. Additionally, 
correlations between SWV and variables (age, 
depth, and maximum diameter) were analyzed 
with Spearman’s rank correlation coefficient in 
each group.

Results

The patients’ basic information and SWV of 
renal mass and its surrounding parenchyma 
were presented in Table 1.

Values of SWV of each group

Significant differences of SWV among the three 
Groups (F = 6.976, P = 0.003) were revealed. 
Multiple comparisons analyzed with the LSD 

Table 1. Influencing factors and SWV measurements

Group Diagnosis Age (yr)/gender Diameter 
(mm) Depth (mm) Mass SWV 

(m/s)
Renal parenchyma SWV 

(m/s)
1 Clear cell carcinoma (n = 11) 61.9 ± 7.0 (48-71)*

male 7/female 4
45.0 ± 23.8

(13-93)
5.07 ± 1.02

(4.1-7.6)
2.46 ± 0.45
(1.74-3.03)

2.23 ± 0.45
(1.50-3.11)

2 Angiomyolipoma (n = 16) 51.5 ± 12.7 (28-67)
male 7/female 10

23.5 ± 11.2
(13-45)

4.82 ± 1.24
(3.2-7.2)

2.49 ± 0.63
(1.78-3.07)

2.24 ± 0.50
(1.41-3.02)

3 Pseudotumors (n = 13)# 42.8 ± 15.6 (22-71)
male 6/female 6

23.9 ± 12.8
(15-52)

5.51 ± 1.17
(4.1-7.9)

3.24 ± 0.75
(3.14-3.94)

2.47 ± 0.60
(1.51-3.15)

/ Oncocytoma (n = 1)/
Chromophobe (n = 1) 

61, female 29 70 1.60 2.97

55, male 47 66 2.20 2.66
*: The data in brackets are the ranges of measurement data. #: Pseudotumors include hypertrophied column of Bertin (n = 11) and duplex kidney (n = 2).
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Figure 3. ROC curve of pseudotumors and AML.
Figure 2. ROC curve of pseudotumors and CCC.

showed that the SWV of pseudotumor (3.14 ± 
0.75 m/s, range 1.57-3.94 m/s) was signifi-
cantly higher than CCC (2.46 ± 0.45 m/s, range 
1.74-3.03 m/s) and AML (2.49 ± 0.63 m/s, 
range 1.78-3.07 m/s). The P value was 0.007 
and 0.001, respectively. There was no signifi-
cant difference between CCC and AML (P = 
0.719). For each group, there was no significant 
difference between mass and its surrounding 
parenchyma (P = 0.693, 0.892, and 0.714, 
respectively).

Influencing factors

Table 2 showed the correlation between SWV 
and other variables (age, depth, and maximum 
diameter) in each group, respectively. All the 
three types of masses had no correlation with 
variables, except for AML and its maximum 
diameter.

Differential diagnoses

Between CCC and pseudotumors, the optimal 
cut-off value of SWV for differential diagnosis 
was 3.07 m/s. The AUC was 0.78 (95% CI: 0.56 
to 0.924) (P = 0.004); and the sensitivity and 
specificity was 100% and 58.3% respectively 
(Figure 2).

Between AML and pseudotumors, the optimal 
cut-off value of SWV for differential diagnosis 
was 3.03 m/s. The AUC was 0.786 (95% CI: 
0.591 to 0.918) (P = 0.002); and the sensitivity 
and specificity was 100% and 58.3% respec-
tively (Figure 3). 

However, between AML and CCC, there was no 
significant difference (P = 0.587) and the AUC 
was 0.562, indicating the SWV had poor diag-
nostic performance in differentiating AML and 
CCC (Figure 4).

Discussion

Nowadays, solid renal tumors are increasingly 
detected incidentally in individuals without any 
symptoms [10]. Among them, renal AML is the 
most common benign mesenchymal tumor 
[11]. On the other hand, RCC is the most com-
mon malignant ones accounting about 80%-
90% of renal malignancy [12]. RCC has many 
subtypes such as clear cell carcinoma (CCC), 
tubulopapillary carcinoma, chromophobe RCC, 
and so on [13]. Among them, CCC is the most 
frequently reported. Pseudotumors are grouped 
into some kinds of renal anatomic variations 
that may mimic solid renal lesions, but are still 
formed by renal parenchyma essentially [14]. 
Routine methods to differentiate them usually 
rely on contrast-enhanced imaging modalities 
[15]. 

US is a traditional approach for detecting and 
characterizing above-mentioned three renal 
masses. Comparing to CT and MRI, US has 
advantages in efficiency, applicability and costs 
but its accuracy is lower than the latter two 
[16]. In recent years, new techniques such as 
real-time elastography (RTE) and contrast-
enhanced ultrasound (CEUS) have been used 
to improve the diagnosis of renal cell carcino-
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Figure 4. ROC curve of AML and CCC.

ma (RCC) [17, 18]. However, RTE is a semiquan-
titative method and has significant interobserv-
er variability. The interobserver agreement of 
RTE combined with ultrasound (κ = 0.25), is 
lower than ultrasound only (κ = 0.37) [19]. In 
contrast enhanced ultrasound (CEUS), RCC 
usually shows chaotic vascularization without 
typical vascularization patterns, presenting as 
48% hyperperfusion, 12% isoperfusion, 36% 
hypoperfusion and 4% nonperfusion in early 
phase [20]. Although latest study argued that 
CEUS was a highly sensitive and specific meth-
od for characterization of renal [21], however, 
patients have to face the risk from contrast 
agent injection. Biopsy is an invasive method to 
diagnose renal masses. Overall, it is a safe pro-
cedure, but still has complications such as peri-
nephric hemorrhage (accounting for 91% of all 
complications), gross hematuria (5%-7%), pneu-
mothorax (< 1%), and seeding of the needle 
track (0.01%). Some cases even require trans-
fusions or arterial embolization (1.5%) [22]. 
Hence, new diagnostic methods are still 
required.

ARFI is free of the risks mentioned above and 
has a better intra and inter-observer reproduc-
ibility comparing to static elastography. 
However, the experience of separating benign 
and malignant tumors is still limited [23]. By 
using ARFI, in the present study, for AML, the 
softer stiffness was reflected in the lower SWV 
in the present study. Histologically, the AML 
comprises of differing degrees of fat, smooth 
muscle and abnormal blood vessels; and each 
component may predominate or be virtually 
absent (Figure 5). It has been proven that 
lesions with more fibrous contents are poten-
tially stiffer than those with more vessels [24]. 
As a result, AML shows a lower SWV comparing 
to pseudotumors.

CCC also had a lower SWV, as shown in our 
results. Under microscopes, CCC is composed 

predominantly of cells containing clear cyto-
plasm, with the growth pattern of solid, tubular, 
or cystic. It has a characteristic delicate, 
branching vasculature and commonly has solid 
and cystic architectural patterns under micros-
copy [25] (Figure 6). D’Onofrio’s study on cystic 
lesion has proved that 0 or a low numerical 
value is always measured in fluid [26]. On the 
other hand, based on physical property of 
shear wave, it is mainly attenuated in fluids and 
is hardly to be measured. These tiny cystic com-
ponents of CCC may result in a lower value of 
SWV comparing to pseudotumors.

The most common renal pseudotumor is hyper-
trophied column of Bertin, resulting from two 
subkidneys which fail to fuse as usual but over-
lap together [27]. The overlap part of renal sub-
kidneys may be stiff for its high density, thus a 
higher SWV was encountered. However, as no 
direct pathology proof was obtained for hyper-
trophied column of Bertin in this study, further 
studies were needed.

The ROC manifested a fair accuracy of VTQ to 
differentiate between CCC and pseudotumor, 
and between AML and pseudotumor, respec-
tively. Although contrast-enhanced CT, MRI and 
CEUS can resolve the diagnostic dilemma effi-
ciently [13, 14], all of them need contrast agent 
injection, which have contraindication and 
associated risk of hypersensitivity. Therefore, 
VTQ can be indicated when the contrast-
enhanced techniques are not suitable or avail-
able. In addition, a relative lower SWV of onco-
cytoma and chromophobe was observed 

Table 2. Correlation between SWV and vari-
ables (presented as P-value)

SWV of different 
pathological diagnosis

Variables

Age Maximum 
diameter Depth

Clear cell carcinoma 0.620 0.201 0.131
Angiomyolipoma 0.334 0.015 0.310
Pseudotumors 0.095 0.966 0.147
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respectively, thus a softer stiffness is predict-
ed. However, as a single case, more evidence is 
needed to prove this. Unfortunately, however, 
CCC and AML can not be differentiated by VTQ 
at present stage because of their similar physi-
cal property, though their microscopic patho-
logical changes are different. And likewise, it 
seems that there are no differences in SWV 
between masses and their surrounding renal 
parenchyma. Thus the application of VTQ on 
renal masses may focus on differential diagno-
ses instead of detection of renal masses. 

Using VTQ to test stiffness of masses generally 
may not be affected by patients’ age, masses’ 
maximum diameter and its depth. However, for 
AML, it showed that the maximum diameter 
may be an influencing factor, because the con-
tents of AML are complex, only a part of them 
were sampled by the ROI, which hardly reflect-
ed total stiffness of AML. Moreover, fat content 
in AML is believed with no correlation with 

tumor size [28], the effect of other two compo-
nents should not be ignored. To eliminate 
tumors’ size effect, multi-spots sampling or a 
larger ROI may be necessary.

Some shortcomings of ARFI at its present stage 
should be pointed out. Due to the fixed ROI size 
(1 cm in length and 0.6 cm in width), ARFI does 
not apply to masses with maximum diameters 
smaller than 1 cm. Moreover, the fixed shape 
(rectangle) and depth limitation (< 8 cm) of ROI 
also restrict its application. When performing 
ARFI, patients need to lie in prone position and 
hold breath for a few seconds. Therefore, for 
patients with overweight or cardiorespiratory 
dysfunction, VTQ is rather difficult to be per-
formed. Finally, ARFI unfortunately is not an 
operator independent technique. Therefore, 
proper.

There were some limitations of this study 
should be mentioned. First, the sample size 

Figure 5. A 55-year-old man with CCC. A. VTQ was being performed on this CCC (white arrow); B. In the gross speci-
men of this CCC (white arrow), a cyst cavity with fluid run off was seen (red arrow); C. Microscopically, among cells 
with clear cytoplasm, many tiny cysts (thin red arrow) were seen.

Figure 6. A 45-year-old man with AML. A. VTQ was being performed on this AML (white arrow); B. Microscopically, 
on the background of abundant fat cells, scattered smooth muscle (black arrow) and abnormal blood vessels (red 
arrow) were seen.
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was relative small, and follow-up time was rela-
tive short. Second, some other types of masses 
had not been included in this study, e.g. com-
plex or atypical cystic tumors. Besides, some 
questions such as learning curve and the repro-
ducibility of VTQ had not been investigated yet. 
Thus, more studies should be carried on in 
future with larger patient population.

Based on above findings and extending from 
this study, it suggests that VTQ can effectively 
differentiate solid tumors from pseudotumors. 
However, it can not help differentiate the benign 
tumors from the malignant ones. There are no 
differences in SWV between masses and their 
surrounding renal parenchyma. When perform-
ing VTQ, SWV may not be affected by patients’ 
age, masses’ size and depth. For some large 
masses, the multi-spots sampling is recom-
mended. Generally speaking, ARFI has poten-
tial advantage for differentiating some renal 
solid masses, but still requires technological 
improvement.
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