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Abstract

Introduction: We evaluate the diagnostic performance of strain 
elastography to differentiate renal cell carcinoma (RCC) from angio-
myolipoma (AML).
Methods: Strain elastography was performed in 65 patients (mean 
age 55.5 years; range: 32–81) who had renal lesions (24 AMLs and 
41 RCCs) prospectively. Lesions were classified according to lesion 
size and histological subtypes. The strain ratios of the RCCs and 
AMLs were evaluated by a radiologist. The area under the curve 
and the cut-off point were used to assess diagnostic performance. 
Sensitivity, specificity, and positive and negative predictive values 
were obtained.
Results: In assessing the mean strain ratio, we divided the groups 
in 3 according to size: (1) <20-mm lesions; (2) 20- to 40-mm 
lesions; and (3) >40-mm lesions; the respective mean strain ratios 
were: 1.5 ± 0.5 (range: 0.06–5.92), 2.8 ± 0.4 (range: 0.17–9.92), 
2.7 ± 0.3 (range: 0.08–6.15). When RCCs and AMLs were com-
pared, there was a statistically significant difference in the strain 
ratio among the 3 groups divided per lesion size (p < 0.01). For 
the strain ratio, the mean ± standard deviation was 1.1 ± 0.1 for 
AMLs and 3.4 ± 0.3 for RCCs (p < 0.01). When lesion subtypes 
were compared, there was a statistically significant difference in 
the strain ratio between the AML and clear cell RCC (p < 0.01). 
Conclusions: For assessing renal lesions, strain elastography and 
strain ratio values may be useful in differentiating RCCs from AMLs.

Introduction 

Ultrasound (US) elastography is a new radiological modality. 
In conventional B-mode imaging, tissue hardness in real time 
is represented in colour. Because most malignant tumours 
are harder than benign tissues, benign and malignant tissues 
were differentiated significantly by this technique. In the 
literature, a good correlation between strain elastography 

and histologic analysis was reported, with high sensitiv-
ity and specificity for differentiation between benign and 
malignant masses in breast tissue.1 We hypothesized that 
evaluation of tissue elasticity might be useful for renal mass 
characterization. Tan and colleagues found significant dif-
ferences between strain ratios for angiomyolipomas (AMLs) 
and renal cell carcinomas (RCCs) (p < 0.01).2 The aim of 
our study, therefore, was to prospectively determine the 
diagnostic efficiency of sonoelastography for differentiating 
RCCs from AMLs.

Methods 

Study population 

There were 65 patients in our study population (28 men and 
37 women) who underwent US, including elastography of 
a renal mass, at our institution between March 2012 and 
February 2013. The mean age of patients was 55.5 ± 12.3 
(range: 32–81). The study population had various renal 
masses, including 41 RCCs and 24 AMLs. The RCCs were 
diagnosed by resection. The histopathological examination 
was performed by our pathologists. Histological subtype was 
clear cell carcinoma in 26 patients, papillary cell carcinoma 
in 7 patients, chromophobe cell carcinoma in 5 patients, and 
mix cell carcinoma in 3 patients. The 24 AMLs were diag-
nosed by presence of bulk fat on computed tomography (CT) 
and/or magnetic resonance imaging (MRI).3,4 This prospective 
observational study was approved by the Necmettin Erbakan 
University, Meram School of Medicine Hospital Institutional 
Review Board. All patients gave informed consent. 

Equipment and scanning 

One radiologist (SK) with 9 years of experience in conven-
tional sonography and 2 years in elastography carried out the 
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sonoelastography examinations. Patients experienced both 
B-mode and elastographic sonography in the supine and 
lateral decubitus position with a digital sonography scanner 
(Aplio XG, Toshiba Medical Systems, Tokyo, Japan) sup-
plied with strain elastography software and a convex 2.5-5 
MHz multifrequency transducer (Model PVT-375BT, Serial 
Number: FDA 11Y4472). All assessments were executed 
while patients’ held their breath after deep inspiration. After 
recognition of a target lesion on a B-mode US image, strain 
elastography was executed using the same probe. The probe 
was manually moved to compress and relax the underlying 
tissue. Both elastographic and B-mode images were dem-
onstrated at the same time as a two-panel image during the 
performance of sonoelastography. Only solid portions of the 
lesions were evaluated when determining the elastograph-
ic pattern. The elastogram was exhibited over the B-mode 
image in a colour scale: red (greatest strain, softest compo-
nent) and blue (no strain, hardest component) tissue. Green 
indicated average strain.5 Both renal lesions and normal 
surrounding tissue were comprised in the elastographic box. 

Data analysis 

The presence of fluid areas was noted, but only the solid 
portions of the lesion were evaluated when determining the 
elastographic pattern.6 One radiologist who was blinded 
to the pathologic findings or final diagnoses reviewed the 
static images, except for those of the 23 patients who were 
previously diagnosed as AML with CT. The strain ratio was 
measured by comparing the tumour (B) to the renal cortex 
for all renal lesions. The first region of interest (ROI) was 
placed in the renal cortex. The second ROI was placed in 
the renal mass.7 The radiologist noted the elasticity values 
in the ROI placed over the stiffest areas on the elastography 

image for renal cortex and renal mass. The strain ratio (A/B), 
reflecting the stiffness of the lesion, was then automatically 
calculated on the US machine (Fig. 1, Fig. 2).

Statistical analysis

Statistical analysis was performed using SPSS version 20 
software (SPSS Inc, Chicago, IL). The numerical variables 
were declared as either mean ± standard deviation or num-
ber (percentage), where appropriate. Subsequently, lesion 
size was divided into 3 categories: <20 mm, 20–40 mm, 
or >40 mm to assess the competence of this modality for 
various lesion sizes.8 We used the Mann–Whitney U test to 
analyze each lesion size category (for strain ratio and pathol-
ogy) and strain ratio (for gender). Kruskal–Wallis tests were 
conducted to compare strain ratio and the ordinal variables 
among the lesion size categories and lesion subtypes. The 
Mann–Whitney U test was performed to test the significance 
of pairwise differences using Bonferroni correction to adjust 
for multiple comparisons. Two-tailed p values <0.05 were 
considered statistically significant. We used receiver operat-
ing characteristics (ROC) curve analysis to assess diagnostic 
value of strain ratios for differentiation between RCCs and 
AMLs. When a significant cut-off value was observed, the 
sensitivity, specificity, positive predictive value, and nega-
tive predictive value were presented (Table 1). While evalu-
ating the area under the curve, a 5% type I error level was 
used to assess the statistically significant predictive value of 
the test variables. 

Results 

The descriptive data for strain ratios and lesion diameter are 
shown Table 2. The mean size for AMLs was 29.6 ± 5.3 mm 
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Fig. 1. A 65-year-old man with clear cell carcinoma in B-mode and elastography image.
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(range: 7–105, 95% confidence interval [CI] 18.51–40.62) 
and for RCCs was 54.8 ± 3.4 mm (range: 8–109, 95% CI 
47.92–61.70). There was a significant difference in tumour 
size between the RCCs and AMLs (p < 0.01). 

The mean strain ratio for AMLs was 1.1 ± 0.1 (range:  
0.06–1.90, 95% CI 0.83–1.38) and for RCCs was 3.4 ± 0.3 
(range: 0.08–9.92, 95% CI 2.80–3.90). When RCCs and AMLs 
were compared, there was a statistically significant difference 
in the strain ratio between the 2 groups (p < 0.01). 

The mean strain ratio for <20-mm lesions was 1.5 ± 0.5 
(range: 0.06–5.92, 95% CI 0.24–2.69), for 20–40-mm 
lesions 2.8 ± 0.4 (range: 0.17–9.92, 95% CI 1.88–3.73), and 
for >40-mm lesions  2.7 ± 0.3 (range: 0.08–6.15, 
95% CI 2.16–3.28). When RCCs and AMLs were compared, 
there was a statistically significant difference in the strain 
ratio between the 3 groups (p < 0.01). 

When lesion subtypes were compared, there was a statis-
tically significant difference in the strain ratio between the 
AML and the clear cell RCC (p < 0.01). When lesion size 
categories were compared, there was a statistically signifi-
cant difference in strain ratio between <20-mm lesions and 
20–40-mm lesions (p = 0.022).

When female and male genders were compared, there 
was a statistically significant difference in the strain ratio 
between the groups (p = 0.024). Using ROC analysis, the 
best cut-off value was 1.67. The area under the ROC curve 
was 0.935 with a 95% CI of 0.874–0.997 (Fig. 3). The num-
bers of true positives, true negatives, false positives, and false 
negative were 38, 20, 4 and 3, respectively.  

Discussion 

Strain elastography measures the degree of distortion of a tis-
sue under compression and is based on the principle that the 
softer parts of tissues deform more easily than the harder parts. 

Strain elastography in RCC and AML

Fig. 2. To estimate strain ratio on an elastography image, we placed the first region of interest (ROI) (A) in the renal 
cortex and the second ROI (B) was drawn in the neoplasm. The strain ratio was calculated automatically as an A/B.

Table 1. Statistical data in differentiating RCCs from AMLs 
with regard to strain ratios

Parameter
Optimal cut-off 1.67

Sensitivity (%) 91

Specificity (%) 87

Positive predictive value (%) 93

Negative predictive value (%) 83
RCC: renal cell carcinoma; AML: angiomyolipoma.

Table 2. The descriptive data for strain ratios and lesion 
diameter

Parameter Mean Median Mode SD Minimum Maximum
Strain ratio 2.55 2.18 1.95 1.82 0.06 9.92

Lesion diameter 45.88 43 43 26.19 7 109
SD: standard deviation.
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In recent years this technique has been successfully applied 
to breast lesions, prostate, pancreas, lymph nodes, thyroid 
gland, testes, and liver. Evaluation of deep tissues is more 
feasible, and this approach has been successfully applied 
in clinical studies to investigate intra-abdominal tissues.9-12 

Pallwein and colleagues13 found that strain elastography 
can help to detect prostate cancer and estimate tumour loca-
tion and size. Salomon and colleagues14 reported that elas-
tography could detect prostate cancer foci within the pros-
tate with good accuracy and had the potential to increase 
ultrasound-based prostate cancer detection. Zhang and col-
leagues15 showed that there was significant difference of 
strain ratio values between the benign and malignant pros-
tate lesions. Dudea and colleagues16 found that sonoelastog-
raphy definitely improved the detection of prostate cancer. 
Onur and colleagues17 showed that strain elastography might 
help differentiate benign and malignant liver masses. Tan 
and colleagues2 used strain elastography to evaluate renal 
tumours. Their results showed that strain elastography might 
be useful to differentiate AMLs from RCCs, by use of both 
elasticity patterns and strain ratios. 

On the contrary, in our study, we did not use elasticity 
patterns. We searched whether strain elastography was useful 
to differentiate benign from malignant renal lesions. We had 
a larger study population than in Tan’s study (65 vs. 47).2 
In our study, strain ratio values suggested a benefit method 
for differentiating renal benign and malignant lesions, with 
high sensitivity and specificity. Additionally, we found high 

numbers of true positives and negatives. We recommend this 
technique for patients with kidney lesions newly diagnosed 
on US as an incidental finding that can potentially be used 
to avoid requiring a follow-up CT or MRI. In addition, sono-
elastography may be used in place of CT or MRI to arrive at 
a diagnosis in patients with iodine-based contrast allergy, 
renal insufficiency, or urinary tract obstruction, which may 
be contraindications for contrast-enhanced studies. Grenier 
and colleagues anticipate that renal elastography is a new 
radiological method for characterization of renal masses and 
more experience is essential to differentiate benign from 
malignant renal lesions.18 

Our study has several limitations. First, there were signifi-
cant differences in size between the benign and malignant 
renal lesions; the performance of sonoelastography may not 
have been as high in 2 size-matched groups. Second, our 
study population was not a large group and not enough of the 
patients had histological subgroups; the diagnostic perfor-
mance of elastography may have varied with different histo-
logical subgroups of malignant and benign tumours. In addi-
tion, elastography itself has certain limitations. Elastography 
for pure cystic lesions does not give useful information, and 
the compression of the solid portion may be affected by the 
lack of strain of the fluid portion. Elastography in terms of the 
application of pressure to the probe has a relatively greater 
operator dependency, and strain values may change with 
different degrees of manual compression, as well as with 
the composition and structure of tissues.19,20 Furthermore, 
various factors, such as lesion size, depth, and density can 
affect the performance of elastography, and it can be difficult 
to achieve optimal image quality for every case.

Conclusion 

Our prospective study showed that strain elastography may 
be useful to differentiate RCCs and AMLs. Being a non-
invasive and low-cost imaging modality, US elastography 
may improve accuracy in the differential diagnosis of renal 
tumours.
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Fig. 3. Characteristic curve of strain ratio measurements in differentiating 
renal cell carcinomas from angiomyolipomas. ROC: receiver operating 
characteristics.
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