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Abstract: The aim of this study is to investigate if any correlation exists between strain elastography (SE) and
multiphasic computed tomography (CT) findings in Renal Cell Carcinoma (RCC) subtypes. This study investigated
any correlation existed between the SE findings and the tCT density values based on phase for the RCC subtypes.
The SE and CT was performed on 43 patients prospectively. The RCC were classified according to histological
subtypes. The strain indexes (SI) and mean density measurements of the CT were calculated. The mean age of the
patients is 57.4 (35-81) years. A positive significant correlation was detected between the renal parenchyma SE and
the renal mass SE values in the clear cell RCC subtype (p=0.004). Negative significant correlation was found
between the renal mass SE and SI in the papillary subtype (p=0.047). A negative significant correlation was
detected between the renal mass SE and the density values on the nonenhanced phase CT in males (p=0.019). There
is no significant correlation between SE values and density values obtained from the corticomedullary,
nephrographic and excretory CT phases. Significant correlation between the density values obtained in the
nonenhanced phase CT and the SE values was detected based on gender. It was seen that the SI values calculated by
evaluating the RCC mass with SE would be useful in subtype distinction.
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Renal cell carcinoma (RCC) constitutes approximately 2% of all cancer types, worldwide 1.
Recently, thanks to improvements in medical imaging methods, there has been an increase in the
ability to detect renal cell carcinomas incidentally2. The most common subtypes of RCC are clear cell,
chromophobe, and papillary carcinomas 3. Each of the subtypes has a different prognosis. It has been
reported that the clear cell subtype has the worst prognosis. Compared to other subtypes, clear cell
RCC has a lower five-year survival rate and a higher likelihood of metastasis 4. Different radiologic
methods, such as ultrasonography (US) and computed tomography (CT), are performed to image and
diagnose RCC5. US elastography is a radiologic modality that has begun to be used to diagnose
carcinomas. With the help of this method, the tissue stiffness ratio can be revealed in real-time on
conventional B-mode images. In the literature, some studies have shown that malignant tissues are
stiffer than benign tissues and this technique is effective in differentiating benign tissues from
malignant tissues6,7. The other radiologic modality that is used to diagnose RCC is multiphasic CT.
RCC subtypes can have different enhancement patterns on dynamic examination. For example, the
clear cell RCC subtype has higher vascularization than the papillary subtype 8. There is no study in the
literature that examines if any correlation exists between the SE findings, which are obtained using
elastography and mass enhancement patterns based on phase, and the findings that are obtained by
multiphasic CT for RCC subtypes.
The aim of this study is to investigate if any correlation exists between the strain elastography (SE)
findings and multiphasic CT enhancement patterns in RCC subtypes.
MATERIALS and METHODS
Study population
The study group comprised of 26 males and 17 females (total 43 patients) who underwent US imaging of a renal mass, including SE and multiphasic CT, at the authors’ institution between March
2012 and August 2013. The decision of the ethics committee was obtained. Signed consent form was
received from the participants. The mean age of the population was 57.4 ± 12.7 (range: 35-81 years).
The diagnosis was made by pathological study after total resection. The histological subtype was found
to be clear cell carcinoma in 32 patients, chromophobe cell carcinoma in 5 patients, and papillary cell
carcinoma in 6 patients.
International Journal of Academic Medicne and Pharmacy
www.academicmed.org

249

Equipment and scanning
Computed tomography
The multiphasic multidetector CT examinations were carried out
by same radiologist, with twenty years of experience in CT. Whole
patients were investigated using a 64-multi-detector CT scanner
(Siemens SOMATOM Sensation 64, Erlangen, Germany) with the
following scanning parameters: 1.5 mm slice thickness, 0.6 mm
collimation, 100 kV and 135 mAs, 1.4 mm increment, a gantry
rotation time of 0.33 s, and a pitch of 0.9. While the patient was in the
supine position, and the area from the diaphragm to the end of the iliac
bones was identified as the field of examination. A scout image was
acquired. Whole patients obtained approximately 100 ml of nonionic
contrast medium (Ultravist 300; Bayer Schering Pharma, Berlin,
Germany). The contrast medium was applied with a catheter placed in
the right antecubital vein. An automated injector executed the contrast
at a flow rate of 5 mm/sec. After the starts of the injection, the scan
was executed 20 seconds. Before the nonionic contrast medium was
given, first, the unenhanced phase was obtained, and then the
corticomedullary phase (40-55 seconds), the nephrographic phase
(90-120 seconds), and the excretory phase (approximately 7-8
minutes) were acquired. In the nephrographic phase, lesion sizes were
measured, and then in the unenhanced, corticomedullary,
nephrographic, and excretory phases, the densities were measured
respectively. Density measurements were made from circular ROIs
with an area of 10 mm2 in three separate regions of the renal lesion. It
was then calculated for renal mass attenuation as the average of these
values (Fig. 1-4). While measuring the density of the lesion, cystic,
calcified and necrotic areas within the lesion were avoided.
Strain elastography
Sonoelastography examinations were accomplished by one
radiologist with twenty years of experience in conventional
sonography and ten years of experience in elastography. A digital
sonography scanner (Aplio XG; Toshiba Medical Systems, Tokyo,
Japan) supplied with SE soft ware and a convex 2.5-5 MHz
multifrequency transducer (Model PVT-375BT, Serial Number: FDA
11Y4472) was experienced the patients by same radiologist both
B-mode and elastographic sonography in the supine and lateral
decubitus position. During breath holding after deep inspiration, all
evaluations were executed. A target lesion was identificated on a
B-mode US image, and then SE was carried out using the same probe.
The probe was removed to compact manually and release the
underlying tissue. During the sonoelastography, both the B-mode and

Figure 1. A 71-year-old man with clear cell carcinoma (arrows); standardized
multidetector CT protocol for measuring mean tumor attenuation with three
small 10 mm2 regions of interest in clear cell renal cell carcinoma.
(a) Unenhanced phase; (b) Corticomedullary phase; (c) Nephrographic phase;
and (d) Excretory phase.

elastographic images were exhibited as a two-panel image at the same
time. When determining the elastographic pattern, only the lesions’
solid portions were assessed. The elastographic image was
demonstrated over the B-mode image in a color scale: red indicated
tissue that experienced the greatest strain and had the softest
component and blue indicated tissue that experienced no strain and
had the hardest component. Green indicated tissue that had average
strain9. The elastographic region of interest (ROI) consisted of both
the renal lesions and the normal surrounding tissue. If there is a cystic
area within the lesion, it was noted. But only the lesion’s solid
portions were assessed when appraising the elastographic pattern. The
static images except for those of the 43 patients who were previously
diagnosed as RCC with CT were reviewed by one radiologist who was
blinded to the pathologic findings and the final diagnoses. The strain
rate was measured for all kidney lesions (B) by comparing the tumor
(A) with the renal cortex. First, the ROI was placed in the renal cortex.
Then, the ROI was situated in the renal mass. The elasticity values in
the ROI placed over the stiffest areas on the elastography image for
the renal cortex and the renal mass were noted by the radiologist. The
strain elastography index (SI:B/A), which reflected the stiffness of the
lesion, was then automatically calculated (Fig.2).
Statistical analysis
Using SPSS version 20.0 software (SPSS, Chicago, IL, USA),
statistical analyses were completed, and the data were showed as the
mean ± standard deviation. Normal distribution was analyzed with the
Kolmogorov-Smirnov test, and using the Mann-Whitney U test was
used for a comparison of the non-parametrically distributed variables,
while the independent Student’s t-test, the differences between the
two groups were tested for normally distributed variables. While
investigating the associations between normally/non-normally
distributed and/or ordinal variables, the correlation coefficients and
their significance were calculated using the Pearson’s/Spearman’s test.
The differences between the categorical variables were determined by
using the χ2- test. One-way analysis of variance was employed to
compare lesion size and CT density surrounded by the RCC subtypes.
Levene’s test was employed to evaluate the homogeneity of the
variances. The Mann-Whitney U test was performed to test the
significance of the pair-wise differences using the Bonferroni
correction to adjust for multiple comparisons. Kruskal-Wallis tests
were conducted to compare the differences in the CT density and
elastography findings among the pathological subtypes. Two-tailed P
values of less than 0.05 were received as being statistically significant.

Figure 2. In or der to calculate the str ain index on an elastogr aphy image,
the first region of interest (ROI) (A) was placed in the renal cortex. The second
ROI (B) was plotted to the renal mass. The strain index was automatically
calculated as an B / A
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Figure 3. Punctate distr ibution gr aphic that r eveals a positive significant
correlation between the renal mass strain elastography values and the renal
parenchymal strain elastography values in clear renal cell cancer

Figure 4. Punctate distr ibution gr aphic that r eveals a negative significant
correlation between the renal mass strain elastography values and the density
values obtained in the nonenhanced phase in males

RESULTS

METİN İÇİNDE FİG 5
BAHSEDİLMEMİŞ

Figure 5. Punctate distr ibution gr aphic that r eveals a negative significant
correlation between the renal mass strain elastography values and the density
values obtained in the nonenhanced phase in the right-sided masses

The obtained findings are summarized and the SE value and rate
obtained from the renal parenchyma and RCC lesion are shown in
Table.1. When the results are evaluated, a positive significant
correlation was found between the renal parenchyma and the renal
mass SE values and SI (respectively p=0.002 and p=0.004), There was
statistically significant relationship between SE values and SE index
and gender (respectively p=0,03 ve p=0,02). There was no significant
correlation between SE values obtained from the renal mass and RCC
subtypes (respectively p=0,62). The highest SI calculated from the
renal mass was obtained in the Clear Cell Carcinoma subtype and the
lowest SE was obtained in the Papillary RCC subtype. The highest SI
mean value was found in Clear Cell RCC, the lowest SI mean value
was found in the Papillary RCC subtype. In the Chromophobe RCC
subtype, the SI mean value was among the values of the other two
subtypes. Significant difference was found SI obtained from RCC
subtypes lesions (p˂ 0.01)(Table.1).
There was statistical difference between RCC subtypes in lesion
density measured in nonenhance CT (p=0.038). In the lesion densities
obtained in multiphasic CT, the mean density in papillary type RCC
was lower than the other subtypes and showed a difference (p=0.047).
In Clear Cell and Papillary subtype RCC, the increase in lesion
density that started in the corticomedullary phase increased further in
the nephrographic phase. In the excretory phase, this density was decreasing. On the other hand, in Chromophobe RCC, the increasing
lesion density in the corticomedullary phase decreased gradually in
the following phases (Table 1).

Table 1. The mean and 95% CI of the CT densityin phases and elastogr aphy findings in the RCC subtypes

Unenhanced (HU)
CM Phase (HU)

Clear cell RCC
Mean
95% CI
33,48±2,08 29,25-37,72
76,52±4,68 66,96-86,07

Chromophobe RCC
Mean
95% CI
33,80±2,56
26,70-40,90
84,60±18,51 74,21-135,99

Papillary RCC
Mean
95% CI
29±2,77
21,88-36,12
48,33±8,15
27,89-69,77

N Phase (HU)
Ex Phase (HU)
Prn SE (kPa)
Mass SE (kPa)
Lesion SI

83,84±3,57
63,16±2,34
0,12±0,02
0,06±0,01
3,29±0,37

69,40±8,56
56,40±6,43
0,07±0,02
0,05±0,01
2,32±0,82

63,67±10,02
57,33±7,87
0,08±0,02
0,06±0,01
1,98±0,81

76,55-91,13
58,26-68,06
0,07-0,16
0,04-0,08
2,53-4,06

45,64-93,16
38,54-74,26
0,01-0,13
0,01-0,06
0,04-4,59

37,91-89,42
37,11-77,56
0,01-0,14
0,02-0,1
0,11-4,07

RCC: Renal cell cancer; CI: Confidence interval; CT: Computed tomography, CM: corticomedullarry phase in enhanced CT,
Nephrographyc phase, Ex: Excretion phase, Prn SE: paranchimal strain elastography values, Mass SE: Renal mass lesion strain
elastography values, SI: Strain Index, HU: Hounsfield Unit, kPa: kiloPascal
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When CT and elastography were compared, a high level of
positive correlation was found between the SI obtained from renal
masses and the HU values obtained from nonenhanced CT (p=0.03)
(Figure 5).
DISCUSSION
The diagnosis of RCC can be made by sonographic mass
identification. The multiphasic contrast CT is used for mass lesion
characterization, showing the relationship with adjacent organs and
vessels, and for retroperitoneal imaging. Sonographic elastography is a
nonenhanced, easily performed technique that assesses the elasticity of
tissues. This technique can be performed with qualitative,
semiquantitative, and quantitative methods. Qualitative evaluation
shows color coded images representing tissue stiffness with different
colors. Semi-quantitative elastography shows color-coded imaging
features of tissues. In this method, stress index values are calculated in
response to the force induced in the tissues. Quantitative elastographic
techniques such as acoustic radiation force impulse imaging measure
the speed of shear waves generated from the force of acoustic
radiation in tissues. It saves the calculated tissue hardness by
converting it into numerical data.
The purpose of this study is to examine if there is significant
correlation in RCC subtypes between SE and multiphasic CT findings.
In the literature, some studies have investigated the density difference
of RCC subtypes on multiphasic CT10,11. We could not find any other
studies in the English-language medical literature comparing these two
techniques in terms of differences between the RCC subtypes.
There are successful studies about intraabdominal tissue
elastography in the literature12-14. Some of those studies have proven
that sonoelastography could be useful for differentiating
benign-malignant tissues, especially in the prostate and the liver 15,16.
Özkan et al, Orrlachio et al, Menzilcioğlu et al, Gao et al have
conducted studies on renal fibrosis and renal transplant rejection in
adult patients with the SE technique17-20. There are no studies on renal
malignancy with this technique. Most studies were done with Shear
Wave Elastography, Transtient Elastography and Acoustic Radiation
Force Impulse Elastography techniques. One of the reasons why we
use the SE technique, which is within our possibilities, is that it is
cheaper and easier to obtain than other sonoelastography techniques.
The SE values we obtained from renal masses are different according
to the mentioned studies due to the technique used. The stiffness of the
hard lesions is higher, thus the displacement and deformation is lower
in SE technique. So, the strain of hard lesions is lower, but the SI of
hard lesions is higher, because of the ratio 21. There was no significant
change in SI values among RCC subtypes. However, not many
studies have investigated this subject for renal masses. Tan et al’s
study predicted that real time SE could be decisive in the
differentiation of renal cell cancer and angiomyolipom22. Keskin et
al’s similar design study, in the distinction of RCC and AML diagnostic value of SI by grouping lesion size researched23. In this study, the
mean SI value in RCC was 3.4 ± 0.3, 1.1 ± 0.1 calculated in AML. In
this study, RCC was obtained close to these values in all subtypes.
These results support the results of previous studies 23.
We did not find any study investigating whether there is any
correlation between SE values and multiphase CT intensity values in
RCC subtypes. In our study, we detected a significant correlation
between the density values obtained in the nonenhanced phase, the
renal mass SE values and the SI. We did not find a statistically
significant relationship between the density values obtained in the
corticomedullary, nephrographic and excretory stages and SE values.
Our study has some limitations. The first is that we have a small
number of participants. The population participating in our study

could not be homogenized. For example, RCC Clear Cell Carcinomas
were more numerous than other subtypes. There was no sarcomatoid
subtype among the RCCs included in the study. In addition, there are
some limitations of the SE technique. Examination of deep tissue
lesions with SE made it difficult to evaluate in obese patients due to
the difficulty of external compression. To overcome this limitation,
the following renal masses were excluded: masses that were too deep
to localize and that could not be optimally compressed, especially
masses that required intercostal level compression. It may not be
possible to standardize the application of external compression among
operators in SE. To eliminate this limitation, all SE examinations in
our study were performed by a single experienced radiologist.
Conclusion
In our prospective study investigating the use of imaging
techniques in the differential diagnosis of RCC subtypes, it was seen
that the SI values calculated from the lesion would be useful. There
was statistical difference between RCC subtypes in lesion density
measured in nonenhanced CT. It has been concluded that two methods
are useful in subtype discrimination due to the significant connection
between nonenhanced CT and SI.
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