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Abstract
Objective: The aim of this study was to investigate the diagnostic 

performance of real time strain elastography for evaluation of solid renal 
masses.

Material and methods: Forty two patients who were incidentally 
detected solid renal masses underwent Real Time Strain Elastography. 
Strain index value was detected for each lesion by dividing ROI of lesion 
to ROI of adjacent renal cortex. Strain index values and color encoding 
patterns of lesions and renal parenchyma were obtained. Mean strain 
index values and color encoding patterns for benign and malignant 
lesions were compared. Also by using ROC curve, cut-off value was 
obtained and diagnostic performance of method was evaluated.

Results: Any statistically significant difference of mean ages of 
patients was not found. Mean strain index value of malignant lesions 
were significantly higher than benign lesions. When cut-off value 
for strain index ratio was taken 0.3, high diagnostic performance was 
obtained for differentiation of solid renal masses as benign or malignant. 

Conclusion: Real time strain elastography can be useful for 
differentiation of solid renal masses as malignant or benign.
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Introduction
Renal masses can be easily diagnosed by means 

of increased usage of imaging techniques. Renal cell 
carcinoma is the most seen malignant mass of kidney. It is 
nearly about 2% of all adult cancers. Renal oncocytoma and 
angiomyolipoma are the most common benign tumors of 
kidney. Renal cancers are usually diagnosed incidentally 
with ultrasonography (US) [1-3]. Then computerised 
tomography (CT) and/or magnetic resonance imaging 
(MRI) with contrast agent are performed. Conventionally, 
enhancing lesions in CT examinations are accepted as 
malignant and treated surgically. In one study, about 27% 
of enhancing small renal masses were found to be benign 
[4]. So, differentiation of lesions as benign or malignant 
is very important for management. 

There are some disadvantages of CT and MRI. High 
dose of radiation in CT examination, claustrophobia in 
MRI, renal effects of contrast agents in both techniques 
are some of these. In spite of definitive diagnostic benefits 
of percutaneous biopsy, some complications can occur 
such as bleeding and arteriovenous fistula that can be life 
threatening. Also tumor seeding is the other disadvantage 
of biopsy. Thus, another noninvasive methods are needed 
for differentiation of bening and malignant lesions.  

Real time strain elastography is a new technique 
which can assess tissue elasticity by manual compression 
and decompressions. Many papers which report the 
efficiency of elastography for solid lesions of breast [5], 
placenta [6] and salivatory glands [7] are available in the 
literature also for renal lesions [8,9]. In this prospective 
study we aimed to investigate the diagnostic performance 
of real time sonoelastography for evaluation of solid renal 
masses.

Material and methods
Patients and sonoelastography 
procedures

In this prospective study 42 patients who were referred 
to our institution for further evaluation of incidentally 
detected solid renal masses underwent sonoelastographic 
examinations. Obtained values of studies were compared 
with follow-up and histopathological results. Approval 
was obtained from the Ethics committee of our institution, 
written informed consent was given from participants.

Sonoelastographic examinations were made using 
US machine (General Elektric Logix E9; Milwaukee, 
WI, USA) and a convex probe (2.8-5 Megahertz) 
transabdominally in supine, right and left oblique 
positions. Examinations were performed by two observers 
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(M.K. ve F.T.) who had sonoelastography experience of 2 years. 
These observers had no clinical information and did not know 
about histopathological results. The patients didn’t eat anything 
at least 8 hours before examinations. Morphologic features 
of lesions such as size, shape, contour were examined in grey 
scale. Then sonoelastographic images were obtained by slight 
compression and decompression manually. Manual compression 
was accepted as sufficient, when at least 4 of 7 compression bars 
filled with green color. Mean examination time is five minutes 
for each patient. Cine mode was used to obtain and analyze 
images. RSE datas were formed by two observers in consensus. 
Firstly in grey scale, lesions were found, then ROI was placed in 
noncystic-noncalsific echogenic parts of lesions. Renal elasticity 
was displayed with a color overlay on B-mode sonography 
images ranged from blue (hard) to red (soft). Qualitative (M1) 
and semiquantitative (M2) methods were performed. In M1 
method, lesions were classified to patterns (P) from soft to 
hard in 4 categories. Red or red-green color togetherness was 
categorized as soft (P1). Lesions which have nearly 50% blue 
areas were categorized as mild hard (P2), which have much 
more 50% blue areas were categorized as medium hard (P3) and 
absolute blue lesions were categorized as very hard (P4) [7]. P1 
and P2 were accepted as benign and P3 and P4 were malignant. 
In M2 method, ROIs were placed in lesions and after renal 
parenchyma. Strain index value was detected for each lesions by 
dividing ROI of lesion to ROI of adjacent renal cortex. 

By using ROC curves, cut-off values were investigated. 
Values higher than cut-off accepted as malignant and others were 
benign. 

Comparison with histopathologic results
Sonoelastographic results were compared with 

histopathologic results. Pathologists had no information about 
RSE results. Lesions which were not evaluated histopatologically 
were accepted as benign if not changed in size at last 18 months 
follow-up. 

Statistical analysis
Statistical analysis was made with SPSS software 

(ver.16). Patient characteristics were shown with minimum, 
maximum, means, frequencies and percentages. Independent 
sample t-test was used for comparisons of homogenic variances 
(mean ages in genders, mean ages in benign and malignant 
lesions and difference of mean strain indexes in benign and 
malignant lesions). Diagnostic performance of strain ratios for 
differentiating malignity and benignity were evaluated by using 
receiver operating characteristic (ROC) curves. The significance 
level was set at 0,05.

Results
Patient characteristics

Mean age of patients was 58 (22-82). Mean age was 61 
in men and 55 in women (Table 1). There was no statistically 
difference in mean ages between genders. Mean age of malignant 
lesions was 62 and benign was 53. There was no statistically 
difference in mean ages between malignant and benign groups.

Table 1
Mean age of patients in malignant and benign 
groups are shown.

n=number

Group Mean n Standart Devi-
ation

Malignant 62,19 21 13,15
Benign 53,87 16 12,82
Total 58,59 37 13,49

Mean lesion size was 48 mm (benign lesions mean size 
40 mm and malignant lesions mean size 54 mm). There was no 
statistically difference in mean lesions sizes between malignant 
and benign groups.

Forty two (42) incidentally detected renal mass were 
examined. Six obese patients were excluded from study because 
of inadequate compression. In 3 patients who have multiple 
lesions, biggest ones of them were evaluated. One patient has 2 
different lesions, both 2 lesions were evaluated. Thus, 37 lesions 
were assessed (Figure 1). 

Patients incidentally detected solid renal mass

(n=42)

These lesions were clear cell RCC (n=19), TCC (n=1), 
chromofobe RCC (n=1), oncocytoma (n=1), angiomyolipoma 
(n=14) and hydatid cyst (n=1). Twenty-three (23) lesions 
underwent surgery and had histopathologic results. 20 of these 
were renal cell carcinoma (RCC), 1 was transitional cell carcinoma 
(TCC), 1 was oncocytoma and the other was AML. All malign 
tumors and one angiomyolipoma were histopathologically 
diagnosed. There was no minimal fat angiomyolipoma in our 
study. Other angiomyolipomas and hydatid cyst were assessed 
with follow-up and laboratory results. 

In M1 method 6 of 37 lesions (16.2%) were categorized 
as P1, 9 (24.3%) P2,19 (51.4%) P3 and 3 (8.1%) P4. P3 was the 
most seen pattern; 17 of these (89%) were malignant and 2 of 
these (11%) benign. The most seen pattern in benign lesions was 
P2 and malignant was P3. According to M1 method sensitivity, 
specificity, positive and negative predictive value for detecting 
malignity were found 95%, 87%, 90% and 93%.

In M2 method, 1 lesion (2%) was found harder than renal 
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cortex and 36 lesions (98%) were softer. Strain index values 
were between 0.4-1.1 (mean 0,63) in malignant and between 
0.1-0.9 (mean 0,28) in benign lesions. Statistically significant 
differences were found between mean values of them (p<0.001) 
(Figure 3). 

Highest strain index were detected in RCCs. This value 
differ between malignant and benign lesions significantly. 
According to M2 method, cut-off value was taken 0.3. For 
values bigger than 0.3; positive and negative predictive value 
for detecting malignant lesion were found 80% and 100%, 
sensitivity and specificity were 100% and 68.7% (p<0.001) 
(Figure 4). (Area under curve-AUC:0.899). For other values 
sensitivity and specificity that could detect benign lesions were 
68.7% and 100% (p<0.001) (AUC:0.899). 

 Elastographic pattern of AML in right kidney was 2 and 
strain index ratio was measured 0.2 (Figure 2).

Figure 2

Figure 3

Figure 4

Discussion
US is first but not only method for detecting and 

characterization of renal solid lesions especially tumors. 
Differentiation of malignant and benign lesions is nearly 
impossible in grey scale. There are some findings which were 
seen either malignant or benign lesions, so other methods are 
needed for diagnosis usually [10].

RSE is a recently developed sonographic technique for 
evaluating tissue elasticity by using softwares. RSE is needed 
manual compression and decompression versus shear wave 
elastography. For this reason, measuring the elasticity of visceral 
organs is difficult. Also RSE can not provide tissue elasticity 
value in kPa. 

In the literature, RSE could differentiate malignant lesions 
from benign ones in cervical lymph nodes and thyroid nodules 
[11,12]. The main idea was that; big nucleus-small cytoplasms 
cells are dominant in malignant tissues and tumors are getting 
harder as compared with normal tissues [13]. Researches in renal 
pathologies are firstly based on animal and in vitro laboratory 
studies [14-16]. 

Gallotti et al evaluated normal elasticity of upper 
abdominal viscera by using Acoustic Radiation Force Impulse 
(ARFI) technique. Shear wave in renal parenchyma was found to 
be very high (2.24 m/s) [17]. This means that renal parenchyma 
is very hard. Arda et al found that mean elasticity of renal cortex 
was 5.0 kilopascal (kPa). Renal pelvis elasticity was found 23 
kPa and elasticity of it was higher than cortex [18]. This result is 
compatible with results in study of Gallotti et al. 

Clevert et al. evaluated the effectiveness of contrast 
enhanced US and ARFI for no-etiology known renal tumors 
by comparing histological findings. In the study of 15 lesions, 
reference ROIs were put on parenchyma and measurements were 
made. Shear waves were found between 1.31 and 4.40 m/s; also 
measurements of lesion ROIs were found between 1.60 and 3.42 
m/s. Papillary tumors were found to be harder than parenchyma. 
In our study, 4 papillary RCC lesions’ lesion-parenchyma strain 
index values were higher, stiffness were lesser than kidneys; this 
was not compatible with their study. In the study of Clevert et al, 
shear wave rates of malignant lesions were reported to be close to 
rates in kidney parenchyma [19]. In our study most of malignant 
lesions were found to be softer than renal parenchyma, so these 
results of our study are compatible with this study. 

Clinical studies which were written about renal elasticity 
are mostly with ARFI and strain elastography, also a few newly 
studies with shear wave elastography [20,21]. 

Onur et al, by using strain elastography, found lower strain 
indexes in benign renal masses. Malignant lesions were found 
2,8 times stiffer than benign ones. They also compared RCC 
and AML lesions, then found significantly different elasticity 
between them [20]. In our study, malignant lesions were found 
2,2 times stiffer than benign lesions. Aydin et all, by using shear 
wave elastography, found that malignant tumors had minimal 
but not significantly higher elasticity values. According to them 
this can be possibly explained by using different US equipment. 
They also found that RCC lesions had higher elasticity-1,8 times 
stiffer-than angiomyolipomas. Also results of these study are 
compatible with our study. 

Also by using M1 method, sensitivity increases but 
specificity decreases, compared with M2 method. Specificity of 
M2 is higher for distinguishing benign lesions. RSE can be said 
useful for distinguishing benign lesions especially AMLs from 
malignant lesions. 

There are some limitations of this study. Firstly, number 
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of lesions are relatively small and variety of diagnosis decreases 
and effectiveness can be evaluated for some lesions. Secondly, 
strain index values can be measured but shear waves can not 
be measured directly and stiffness levels of tissues can not be 
measured as kPa. Because of this, stiffness in reference ROI 
can not be calculated numerically. Color scale evaluation which 
made according to differences of stiffness ratios of lesion and 
reference area can not be enough. The other one is, perfect 
compression and qualitative RSE examination is probable with 
holding breath. The other limitation is evaluation of lesions by 
only two observers. The most important limitation of this study 
is that some of the lesions has no histopathologic diagnosis. 
Because of this reason sensitivity and specificity of method can 
not be generated.

Conclusion
Real time strain elastography can be useful for 

differentiation of solid renal masses as malignant or benign. 
Strain index values of benign lesions are lesser than malignant 
ones. High diagnostic performance of sonoelastography is seen 
for benign-malignant differentiation of solid renal massses. Real 
time strain elastography must be performed after grey scale 
sonographic examinations for renal masses.
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