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ABSTRACT: To evaluate the performance of a combination of real-time strain elastography (RTSE) and
contrast-enhanced transrectal ultrasound (CETRUS) for prostate cancer detection. Patients with serum
prostate-specific antigen (PSA) levels of >4.0 ng/ml were prospectively enrolled between June 2014 and
December 2016. 153 prostate nodules diagnosed by conventional ultrasound were prospectively enrolled and
examined by CETRUS and RTSE before a biopsy. Multivariate logistic regression models were established for
CETRUS, and CETRUS combined with RTSE to diagnose prostate malignancy. The diagnostic performances
of CETRUS, RTSE, and their combined use were evaluated with the receiver operating characteristic (ROC)
curve. The multivariate logistic regression for CETRUS combined with RTSE showed that enhanced strength,
enhanced uniformity, and elasticity scores were the independent predictors of prostate malignancy. The area
under the ROC curve of CETRUS combined with RTSE (0.92140.023) was higher than that of CETRUS and
RTSE (0.8840.029 and 0.8040.038, respectively; both p<0.05). Moreover, the sensitivity, accuracy and negative
predictive value of CETRUS combined with RTSE were 92.1%, 86.2%, and 84.6%, respectively. The omission
diagnostic rate of CETRUS combined with RTSE (7.9%) was reduced. And the diagnostic accuracy of CETRUS
combined with RTSE was significantly higher than that of CETRUS and RTSE (p<0.05). While the diagnostic
accuracy of CETRUS was close to the RTSE, the difference was not statistically significant (p>0.05). The
combined RTSE with CETRUS approach significantly improved the sensitivity and overall accuracy for
correctly identifying prostate cancer.
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Histological examination of prostatic tissues and biopsies
is the only method of confirming the existence of prostate
cancer. Transrectal ultrasound (TRUS)-guided sextant
biopsies of the prostate is a common diagnostic procedure
for prostate cancer. Guided by TRUS, spatially distributed
biopsies (10 cores) are usually collected for the detection
of prostate cancer. However, the sextant biopsy approach

may miss up to 36% of cancers in glands smaller than 30
cm? and up to 64% of cancers in larger glands [1,2]. An
optimal systematic biopsy approach may require 12 to 14
cores [2,3] or even a saturation biopsy [4], but increasing
the number of cores have to be weighed against increasing
the risk of detecting benign diseases and the risks of the
biopsy itself [2,5].
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Several promising imaging techniques to identify
prostate cancer lesions accurately and to provide better
visual guidance for biopsy are under investigation. Real-
time strain elastography (RTSE) is a novel tool for
detecting cancer using the assessment of tissue elasticity
based on the fact that most solid tumors differ in their
consistency from the surrounding tissue because the cell
density is usually greater in cancer, leading to change in
tissue elasticity/stiffness [6,7]. Several groups have
investigated the accuracy of RTSE for the detection of
prostate cancer [8].

Contrast-enhanced transrectal ultrasound (CETRUS)
involves administration of micro-bubble contrast agents
to reveal critical and sensitive information on tissue
perfusion and blood flow. Micro-bubble contrast agents
enhance Doppler signal from regions with increased
microvessel density and can improve the detection of
prostate cancer [9,10]. CETRUS shows contrast medium
dynamics and tumor vessels [11]. Increased and rapid
contrast medium inflow, as well as increased wash-out,
has been reported for cancer [12]. CETRUS enables the
visualization of prostate areas with abnormal vascularity
and allows for targeted biopsy, which could improve the
positive rate of biopsies [10].

RTSE discriminates hard (solid tumor) from adjacent
soft tissue (benign tissue), while CETRUS reveals the
vascular pattern of micro-vessels. Therefore, both
CETRUS and RTSE allow targeted biopsy of possibly
cancerous tissues, i.e. those that are harder and/or more
vascularized. At present, there are few studies about the
combination of multiple ultrasound techniques for the
screening of prostate cancer. Therefore, the major goal of
the current investigation was to evaluate the performance
of combined RTSE and CETRUS approach for prostate
cancer detection. CETRUS enables the visualization of
prostate areas with abnormal vascularity. Adding this
information to current gray-scale and RTSE imaging
methods might improve the visualization and detection of
prostate cancer. We explored whether combined RTSE
and CEUS approach in a multiparametric setting would
improve cancer visualization before a biopsy.

MATERIALS AND METHODS

Study population

This study performed in Xuanwu Hospital Capital
Medical University between June 2014 and December

2016. One hundred and fifty-three eligible patients were
recruited; their characteristics and clinical data were

summarized in Table 1. The average age of patients was
70.147.6 (54-75), and the mean PSA levels were 20.748.9
ng/ml (4.2-53.1 ng/ml). Inclusion criteria were: 1) PSA
levels >4.0 ng/ml; 2) patients with peripheral zone lesions
shown on ultrasound. Exclusion criteria were: 1) patients
with severe cardiopulmonary dysfunction; 2) coagulation
function disorder; 3) history of allergy to any drug or
food; 4) treatment history of prostate cancer; 5) patients
with clinical diagnosis  prostatitis. The  diagnostic
accuracy of TRUS, RTSE, CETRUS, and
RTSE/CETRUS for prostate cancer of patients was
evaluated using the pathological examination of the
biopsy as the reference standard. The Ethics Committee
of Xuanwu Hospital approved the study protocol. All
participants signed an informed consent.

Table 1. Clinical and demographic characteristics of the
study population.

Characteristics Mean = SD
Age (years) 70.1£7.6
Prostate-specific antigen (ng/ml) 20.7+8.9
Prostate volume (ml) 53.27+28.34
Pathological stage N (%)
Gleason score

8-10 38 (24.8%)
5-7 43 (28.1%)
4 9 (5.9%)
Benign

Benign prostatic hyperplasia 27 (17.6%)
Inflammatory 24 (15.7%)
Prostatic intraepithelial neoplasia 12 (7.8%)

Transrectal ultrasound examination

A digital rectal examination (DRE) was performed before
the probe was placed into the rectum. Transrectal
ultrasound (TRUS) was routinely performed using an HI
VISION ultrasound system (Hitachi Medical, Tokyo,
Japan) with a 4-9 MHz probe (EUPV53W). Each patient
was scanned in the left decubitus position with buttocks
positioned at the fringe of the examination bed and knees
bent in the direction of the chest. On TRUS, hypoechoic
lesion of the prostate marginal zone was positive (Figure
1A).
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Figure 1. Ultrasonography of prostate cancer. (A) Transverse transrectal ultrasound (TRUS) image showing a round
hypoechoic lesion in the right posterolateral prostate gland (arrow). (B) Left: transverse real-time strain elastography (RTSE)
image showing a blue lesion (arrow) in the prostate base peripheral zone, with decreased elasticity. Right: grayscale ultrasound
images corresponding to elastography image. (C) The upper left: transverse contrast-enhanced TRUS (CETRUS) target lesion
(arrow); the upper right: grayscale ultrasound images corresponding to CETRUS image; the bottom: time intensity profiles
showed the target lesion increased intensity (red curve) compared with the adjacent peripheral zone tissues (yellow curve). (D)
Histopathological analysis (H&E staining) of the biopsy revealing cancer (Gleason score 6).

Real-time elastography

An HI VISION ultrasound system (Hitachi Medical,
Tokyo, Japan) with a 4-9 MHz probe (EUPV53W) was
employed to perform RTSE in this study. Scanning was
done in the left decubitus position, as described under

“Transrectal ultrasound examination” above. RTSE mode
was switched on, and the elastogram was displayed on the
monitor together with the grey-scale ultrasound images.
To visualize tissue elasticity, different compressibility
values are marked with different colors such as blue,
green, and red stands for hard, medium, and soft tissues,
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respectively. These images were stored and transferred to
a computer for further analysis (Figures 1B and 2). Images
were classified into five grades according to the
elastography grading standard by Kamoi et al. [13]. In
grade I, the whole prostate was green. In grade Il, lesions
were green-blue, but the green area represented more than
50%. In grade 111, TRUS had no hypoechoic lesions, but

Str. Ratio
Strain Ratio

JR:70 F.Rej6

SMHz

RTSE showed visible uneven blue area. In grade 1V, the
center of the lesion was green, but the periphery was blue.
In grade V, the entire lesion is blue. In this study, grades
I-1l were considered as negative, and grades IlI-V as
positive. The position of lesions using the anatomic
landmark of prostate and surrounding tissue was recorded.

Figure 2. Transverse real-time strain elastography (RTSE) image of patient with prostate hyperplasia. A typical elastogram (A)

and the corresponding B-mode image (B).

Contrast-enhanced transrectal ultrasound examination

CETRUS was performed using an IU-Elite (Philips
Healthcare, Best, The Netherlands) with an intracavitary
probe with a frequency of 4-8 MHz to assess contrast-
enhanced dynamics in the transverse plane of the
peripheral zone only. The micro-bubble based contrast
agent SonoVue (Bracco Imaging SpA, Milano, Italy) was
administered intravenously at a dose of 2.4 mL and was
flushed with 10 mL of saline. Then examination was
started after injection of the contrast agent and was

performed with a low mechanical index (MI) of 0.12. A
low MI reduces micro-bubble disruption so that the
contrast agent can reach the capillary bed to demonstrate
microvascularity. The dynamic storage will be stored
after the contrast. The QLAB quantitative software was
used to analyze the characteristic of the degree curve. The
following indicators were observed and recorded: (1)
enhanced strength (compared with the surrounding
normal glandular tissue), measured as high enhancement,
equal enhancement and low enhancement; (2) enhanced
uniform documented as uniform and uneven; (3) nodules

Aging and Disease * Volume 9, Number 3, June 2018

483



Chang Y., et al

Multiparametric ultrasound for PCA

as a function of time, recorded as earlier, equal to or later
than the surrounding prostate parenchyma; (4) nodular
peak time, measured into earlier, equal to or later than the
surrounding prostate parenchyma.

Image interpretation

A different sonographer who was not aware of the
CETRUS, RTSE data and pathological results analyzed
the baseline grayscale images of hypoechoic tumors.
Furthermore, two additional sonographers who were
blinded to the grayscale imaging and pathological results
independently reviewed all CETRUS and RTSE data
frame by frame on the scanner. When their evaluations
differed, the images were evaluated by a third experienced
investigator with 5 years of extensive CETRUS and RTSE
prostate experience. A consensus was reached for
CETRUS and RTSE image selection discrepancies.

Biopsy and pathological diagnosis

All patients underwent a TRUS-targeted biopsy of the
prostate using an 18-G needle. The prostate was divided
into six regions in the peripheral zone (Figure 3). Patients
without positive lesion underwent 10 cores biopsies.
Patients with positive lesion by the RTSE or CETRUS
combination underwent 10 cores biopsies and additional
two biopsies into suspicious lesions of the peripheral
zone.

Pathological analysis was performed by a specialized
prostate pathologist with >5 years of experience. Puncture
pathological diagnosis is divided into prostate cancer and
the corresponding Gleason score, benign prostatic
hyperplasia, inflammation, etc.

Figure 3. Prostate zone anatomy. Peripheral zone is divided into base, mid gland and apex at each site. Study did

not focus on inner gland.

Statistical analysis

SPSS 18.0 (IBM, Armonk, NY, USA) software was
employed for statistical analyses of data. Continuous
variables were presented as a mean =standard deviation

whereas categorical variable was illustrated as frequency.
Ultrasound contrast indicators of prostate nodules and the
elastic score of prostate nodules were used as independent
variables, with pathological results as a dependent
variable along with the logistic regression equation to fit
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the regression model. Then, to test and draw the receive
operating characteristic (ROC) curve, we calculated the
area under the curve and analyzed the effectiveness of
three methods of diagnosis. In every statistical analysis,
a p-value of less than 0.05 was considered to indicate a
significant difference.

RESULTS

A definitive diagnosis was formulated through
histopathological confirmation based on needle biopsy in
all patients included in this study. The study comprised 90
patients with prostate cancers (38 with Gleason score 8-
10, 43 with Gleason score 5-7, and 9 with Gleason score
4) and 63 patients with benign lesions (27 with benign
prostatic hyperplasia, 24 with inflammatory changes, and
12 with prostatic intraepithelial neoplasia).

CETRUS, RTSE and the combined diagnosis of prostate
hypoechoic nodules

Ultrasound contrast parameters and elasticity scores of
prostate nodules were used as independent variables.
Pathological results were used as dependent variables and
multivariate logistic regression analysis. The parameters
were defined in Table 2. Logistic regression analysis
showed that the regression equation was Logit (P) =-
4.396+3.414X1+3.794X2. CETRUS combined with
RTSE; the regression equation was as follows: the
regression equation is Logit P) =-
4.809+2.897X1+3.401X2+1.785X5; X1, X2, X5
represent enhanced strength, enhanced uniformity, and
elasticity scores, respectively. The regression equation
was statistically significant (2 = 18.014, 14.066, P
<0.05).

The results of the analysis show CETRUS, RTSE and
the combined diagnosis of prostate nodules by ROC curve

(Fig. 4): the area under the ROC curve of the combined
diagnosis (0.92140.023) greater than the area under the
ROC curve (0.8840.029,0.8040.038)  diagnosed
separately by CETRUS and RTSE.

The ROC curve showed that an elasticity score of
>3.5, which is the diagnosis of malignant nodules at the
cut-off point. CETRUS diagnosis of malignant nodules
was at a predictive probability cut-off point (p-value)
>0.65. CETRUS, RTSE combined with the diagnosis of
malignant nodules had a predictive probability cut-off
point (p-value) >0.70. The sensitivity, specificity,
exactness, positive projecting estimate and negative
predictive use of the above diagnostic approaches were
obtained. The diagnostic accuracy of the combined
diagnosis was 86.2%, which was significantly higher than
that of CETRUS and RTSE respectively (83.6%, 80.0%).
The diagnostic sensitivity was 92.1%, which was
significantly greater than CETRUS (79.2%) and had a
higher negative predictive value. Also, the group found
that the rate of missed diagnosis was significantly lower
than CETRUS diagnosis alone (7.9%, 20.8%), and less
than RTSE diagnosis alone (15.8%).

DISCUSSION

Based on the low sensitivity and accuracy of TRUS,
various ultrasound imaging techniques (e.g., RTSE,
CETRUS, and Doppler) have been introduced to optimize
the visualization of prostate cancer. Indeed, sensitivity
and specificity for prostate cancer detection may be
enhanced by adding functional tissue information to
structural tissue information [14]. The aim of this study
was to evaluate the performance of a combination RTE-
and CETRUS-guided biopsy for prostate cancer
detection. Results showed that the RTSE/CETRUS
combination had a higher sensitivity and accuracy than
CETRUS alone.

Table 2. Ultrasonographic risk factors for maligant prostate lesions.

ultrasound indicators variable assignment
enhanced strength Xy hyper-enhanced=0, hypo-enhanced or equal enhanced=1
enhanced uniformity X2 uniformity =0, ununiformity =1
the beginning of enhancement time X3 early in the surrounding organization =0
later or equal in the surrounding organization =1
the peak of enhancement time X4 early in the surrounding organization =0
later or equal in the surrounding organization =1
elasticity scores Xs 1~3 =0, 4~5 =1
Pathological Y benign=0, malignant=1
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Figure 4. CETRUS, RTSE and the combined diagnosis of prostate nodules ROC curve.

TRUS-guided systematic biopsies have a low
sensitivity. Grabski et al. [15] reported in a prospective
multicenter study that the detection rates of prostate
cancer were up to 41% by taking only six targeted cores
when using a computer-based analysis of the TRUS
signal. Simon et al. [16] reported prostate cancer detection
rates of 45% with systematic cores. These results are akin
to findings in the present study when using TRUS only.

Stark et al. [17] found that using CETRUS could
improving the diagnostic rate of prostate cancer. A
hypoechoic lesion on TRUS with plentiful regional flow
signals is not suggestive of prostate cancer. Some
previous studies [18,19] have suggested that more
advanced cancers tend to display more angiogenesis.
However, a clear relationship between histopathology and
production of vessels has not been seen. There were seven
and ten false positive CETRUS and RTSE biopsies,

respectively, probably because hyperplastic tissues often
appear as being hypervascularized on CETRUS [20].

Nygard et al. [21] showed that a positive RTSE was
an independent marker of high-risk of prostate cancer and
that RTSE-targeted biopsies improved the detection rate,
but without replacing systematic biopsies. Wang et al.
[22] showed that RTSE-guided biopsies improved the
detection rate of prostate cancer. Nevertheless, Junker et
al. [23] showed that using RTSE alone was limited by
cancer size and grade, small cancers and less advanced
lesions challenging to detect. Also, RTSE presents false
positives that could be due to surrounding tissues that are
compressed by a benign lesion, stones, calcification, or
inflammatory tissues, or to small strain or shift of tissues
induced by the operator.

The results of the present study are in agreement with
a previous study by our group that showed that the
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sensitivity, specificity, and accuracy of CETRUS for the
diagnosis of prostate cancer were higher than those of
TRUS and power Doppler ultrasound (PDU) [10]. When
compared with TRUS, the use of CETRUS and PDU
avoided a considerable number of unnecessary biopsies.
Nevertheless, there is still a rate of misdiagnosis with
CETRUS. The combined RTSE/CETRUS approach
investigated in the present study had a better sensitivity
and accuracy than CETRUS alone and could reduce the
rate of misdiagnosis of prostate cancer.

Also, the missed diagnosis rate was 7.9%, which was
lower than CETRUS (20.8%, 15.8%, respectively).
CETRUS combined with RTSE were used to diagnose
benign nodules can avoid misdiagnosis.

The results of this study show that multiparametric
transrectal ultrasound guided biopsy can significantly
improve prostate cancer of the positive detection rate,
reduce the need for unnecessary needle biopsy for the
diagnosis of disease and clinical treatment to provide a
more accurate objective basis. Because of the small
number of cases in this study, more cases and multicenter
studies are needed in later studies to confirm further that
more accurate and simple imaging methods are available
for early screening of prostate cancer.

However, in this study, the diagnosis of prostate
cancer and histopathological grade are from the biopsy
rather than the removal of pathological specimens, if the
surgical resection of specimens based on the study, the
results will be more reliable. Our study included only the
peripheral not the central area of prostate tissue. The
contrast and elasticity of the study were performed on
different instruments, and therefore, the targeted puncture
site was mainly determined by the anatomical landmarks.
Inevitably there is a deviation between contrast and
elasticity biopsy sites. Also, other approaches could also
be investigated, such as RTSE combined with magnetic
resonance imaging [24, 25].

In conclusion, this study analysis suggests that
combining CETRUS and RTSE is feasible and does
increase the diagnostic accuracy especially in the early
diagnosis of prostate cancer with the targeted biopsy
approach compared with CETRUS alone.

References

[1] Naughton CK, Smith DS, Humphrey PA, Catalona WJ,
Keetch DW (1998). Clinical and pathologic tumor
characteristics of prostate cancer as a function of the
number of biopsy cores: a retrospective study. Urology,
52:808-813.

[2] Bjurlin MA, Carter HB, Schellhammer P, Cookson MS,
Gomella LG, Troyer D, et al. (2013). Optimization of
initial prostate biopsy in clinical practice: sampling,
labeling and specimen processing. J Urol, 189:2039-

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2046.

Mariappan P, Chong WL, Sundram M, Mohamed SR
(2004). Increasing prostate biopsy cores based on
volume vs. the sextant biopsy: a prospective
randomized controlled clinical study on cancer
detection rates and morbidity. BJU Int, 94:307-310.
Stewart CS, Leibovich BC, Weaver AL, Lieber MM
(2001). Prostate cancer diagnosis using a saturation
needle biopsy technique after previous negative sextant
biopsies. J Urol, 166:86-91; discussion 91-82.

Zaytoun OM, Moussa AS, Gao T, Fareed K, Jones JS
(2011). Office based transrectal saturation biopsy
improves prostate cancer detection compared to
extended biopsy in the repeat biopsy population. J Urol,
186:850-854.

Krouskop TA, Wheeler TM, Kallel F, Garra BS, Hall T
(1998). Elastic moduli of breast and prostate tissues
under compression. Ultrason Imaging, 20:260-274.
Aigner F, Pallwein L, Junker D, Schafer G, Mikuz G,
Pedross F, et al. (2010). Value of real-time elastography
targeted biopsy for prostate cancer detection in men
with prostate-specific antigen 1.25 ng/ml or greater and
4.00 ng/ml or less. J Urol, 184:913-917.

Eggert T, Brock M, Noldus J, Ermert H (2010). [Rising
PSA level and negative prostate biopsy. Can prostate
elastography help?]. Urologe A, 49:376-380.

Tang J, Yang JC, Li Y, Li J, Shi H (2007). Peripheral
zone hypoechoic lesions of the prostate: evaluation with
contrast-enhanced gray scale transrectal
ultrasonography. J Ultrasound Med, 26:1671-1679.
Yang JC, Tang J, Li J, Luo Y, Li Y, Shi H (2008).
Contrast-enhanced gray-scale transrectal ultrasound-
guided prostate biopsy in men with elevated serum
prostate-specific antigen levels. Acad Radiol, 15:1291-
1297.

van Moorselaar RJ, Voest EE (2002). Angiogenesis in
prostate cancer: its role in disease progression and
possible therapeutic approaches. Mol Cell Endocrinol,
197:239-250.

Aigner F, Pallwein L, Mitterberger M, Pinggera GM,
Mikuz G, Horninger W, et al. (2009). Contrast-
enhanced ultrasonography using cadence-contrast pulse
sequencing technology for targeted biopsy of the
prostate. BJU Int, 103:458-463

Kamoi K, Okihara K, Ochiai A, Ukimura O, Mizutani
Y, Kawauchi A, et al (2008). The utility of transrectal
real-time elastography in the diagnosis of prostate
cancer. Ultrasound Med Biol, 34:1025-1032.
Kurhanewicz J, Vigneron D, Carroll P, Coakley F
(2008). Multiparametric magnetic resonance imaging in
prostate cancer: present and future. Curr Opin Urol,
18:71-77.

Grabski B, Baeurle L, Loch A, Wefer B, Paul U, Loch
T (2011). Computerized transrectal ultrasound of the
prostate in a multicenter setup (C-TRUS-MS):
detection of cancer after multiple negative systematic
random and in primary biopsies. World J Urol, 29:573-
579.

Simon J, Kuefer R, Bartsch G, Jr., Volkmer BG,

Aging and Disease * Volume 9, Number 3, June 2018

487



Chang Y., et al Multiparametric ultrasound for PCA

Hautmann RE, Gottfried HW (2008). Intensifying the
saturation biopsy technique for detecting prostate
cancer after previous negative biopsies: a step in the
wrong direction. BJU Int, 102:459-462.

[17] Stark JR, Perner S, Stampfer MJ, Sinnott JA, Finn S,
Eisenstein AS, et al. (2009). Gleason score and lethal
prostate cancer: does 3 + 4 = 4 + 3? J Clin Oncol,
27:3459-3464.

[18]  Rubin MA, Buyyounouski M, Bagiella E, Sharir S,
Neugut A, Benson M, et al. (1999). Microvessel density
in prostate cancer: lack of correlation with tumor grade,
pathologic stage, and clinical outcome. Urology,
53:542-547.

[19] Papadopoulos I, Sivridis E, Giatromanolaki A,
Koukourakis MI (2001). Tumor angiogenesis is
associated with MUC1 overexpression and loss of
prostate-specific antigen expression in prostate cancer.
Clin Cancer Res, 7:1533-1538.

[20]  Jiang J, Chen YQ, Zhu YK (2012). Quantitative study
of contrast-enhanced ultrasound contrast enhancement
in different parts of prostate cancer. Chinese Journal of
Ultrasonography, 21:977-981.

[21]  Nygard Y, Haukaas SA, Halvorsen OJ, Gravdal K,
Frugard J, Akslen LA et al. (2014). A positive real-time
elastography is an independent marker for detection of
high-risk prostate cancers in the primary biopsy setting.
BJU Int, 113:E90-97.

[22]  Wang R, Chen JJ, Hu B(2015). Transrectal real-time
elastography-guided transperineal prostate biopsy as an
improved tool for prostate cancer diagnosis. Int J Clin
Exp Med, 8:6522-6529.

[23]  Junker D, Schafer G, Aigner F, Schullian P, Pallwein-
Prettner L, Bektic J, et al. (2012). Potentials and
limitations of real-time elastography for prostate cancer
detection: a whole-mount step section analysis.
ScientificWorldJournal, 2012:193213.

[24]  Brock M, Roghmann F, Sonntag C, Sommerer F, Tian
Z, Loppenberg B, et al. (2015). Fusion of Magnetic
Resonance Imaging and Real-Time Elastography to
Visualize Prostate Cancer: A Prospective Analysis
using Whole Mount Sections after Radical
Prostatectomy. Ultraschall Med, 36:355-361.

[25] Manfredi M, Costa Moretti TB, Emberton M, Villers A,
Valerio M(2015). MRI/TRUS fusion software-based
targeted biopsy: the new standard of care? Minerva
Urol Nefrol, 67:233-246.

Aging and Disease * Volume 9, Number 3, June 2018 488



