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Introduction

Prostate cancer is the most common cancer in men in Germany with an incidence of about 
65,000 new cases per year [1].

Among the causes of death related to malignancies, prostate cancer is in third place. More than 
13,000 men died of prostate cancer 2011 in Germany [1].

The risk of developing clinically significant prostate cancer depends on age. The ten-year risk of 
developing the disease is < 0.1% for a 35-year-old man, while the risk for a 75-year-old man is just 
under 6% [1]. Overall, the lifetime risk for the disease is about 13%, the lifetime mortality risk is 
3.3% [1].

The increased life expectancy of the population and the improved diagnosis of prostate cancer, 
are the reason why the disease increased. In particular, the use of prostate-specific antigen (PSA) 
as a tumor marker has significantly increased the incidence [2]. 

The initial determination of the PSA value and the digital-rectal examination provide in many 
cases an initial indication of the presence of pathological changes in the prostate. If the findings 
are positive, the recommendations of the S3 guideline are, that the patient should undergo a 10 
to 12-fold assisted prostate biopsy under transrectal ultrasound control [3].

With the help of this biopsy technique, however, 19-52% of all tumors can be missed and their 
aggressiveness can be underestimated in comparison to the pathological findings (radical 
prostatectomy) or better biopsy methods (32- 50%) [4-7].

However, with increasing improvements in diagnostics,we will also detect low-risk tumors, 
which will not affect the survival of patient [8, 9].

With early targeted detection, prostate cancer can usually be detected at a localized stage 
[10], so that the patient has several treatment options to choose from. These range from active 
monitoring or focal therapy to an established curative therapy, e.g. radical prostatectomy and/or 
radiotherapy [11, 12].
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Conventional ultrasound imaging

Conventional transrectal ultrasound (TRUS) is the most commonly used urological imaging 
technique for assessing the prostate. TRUS is ideal for volume determination and facilitates the 
performance of randomized prostate biopsies. However, the conventional transrectal ultrasound 
has some limitation in detecting prostate carcinoma, since carcinoma foci are often low-echo, but 
can also be isoechogenic or hyperechogenic [13, 14] (Fig. 1-2).

Figure 1. Image fusion of the prostate: Suspected small low-echo lesion (yellow arrow) of the prostate in conventional 
B-image sonography and in MRI imaging a signal-lowered (hypointense) carcinoma suspected lesion in the peripheral 
zone on the left (red arrow). In the registered MRI image fusion, the prostate is recorded in the axial MRI plane.
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Figure 2. ‌MRI-ultrasound fusion of the prostate. Color-coded duplex sonography shows the superficial lesion with 
increased vascularization (yellow arrow). The left T2-weighted MRI image shows a signal-lowered (hypointense) 
lesion suspected of being carcinomatous (red arrow). 

This circumstance and the great dependence of the investigator examination [15] are probably 
the reason for the sometimes very contradictory results of the published studies. For example, the 
percentage of proven malignancy for low-echo lesions is given from 18 - 57% [16]. The sensitivity 
in these studies varies between 15 - 96 %, the specificity between 46 - 93 % [17-19]

Due to the limitations of conventional prostate ultrasound biopsy, a systematic biopsy will be 
used in contrast to targeted biopsy of other solid organs.
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Multiparametric magnetic resonance imaging (MRI) of the prostate:

Multiparametric MRI (mpMRI) is currently the leading imaging method for the detection and 
characterization of prostate cancer with a high diagnostic value. Especially in patients with 
previous negative TRUS biopsy and persistent suspected cancer MRI will be used [20-21].

Today, multiparametric MRI combines anatomical and functional data acquisition. The 
examination includes mainly of morphological T2-weighted imaging (T2w), diffusion weighted 
imaging (DWI) and dynamic contrast enhanced imaging (DCEMRI) [22].

The advantage of MRI imaging is the variety of image contrasts, which allows structural imaging 
and the assessment of different aspects of healthy and pathologically altered tissue. The high 
resolution T2w sequences are important for morphological imaging of the prostate because 
they provide the best representation of the zonal prostate anatomy and the capsule and allow 
assessment of tumor extension, especially extraprostatic growth [22-23]. 

For this reason, mpMRI can help to make the surgical decision for or against preservation of the 
neurovascular bundles prior to a planned radical prostatectomy [24-26].

Since 2012 guidelines are available for reporting MRI-findings [27]. PI-RADS (“prostate imaging-
reporting and data system”) classify individual lesions and summarize the findings according to a 
5-point scale (Table 1).

Table 1.  PI-RADS (Prostate Imaging Reporting and Data System) score: Definition of risk categories.

Meaning

 PI-RADS 1 Very low (clinically significant cancer highly unlikely)

 PI-RADS 2 Low (clinically significant cancer unlikely)

 PI-RADS 3 Intermediate (clinically significant cancer equivocal)

 PI-RADS 4 High (clinically significant cancer likely)

 PI-RADS 5 Very high (clinically significant cancer highly likely)
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MRI-fusion biopsy

In ourdaily setting we are using the Samsung RS85 V2.0 ultrasound system (Samsung Medison 
Co., Ltd) for prostate fusion.

In order to be able to perform MRI-ultrasound guided biopsy on patients who have been 
diagnosed with suspicious findings in an MRI examination, a so-called image fusion technique 
could be used. In this procedure ultrasound image and MRI images will be used and fused in real 
time (Fig.3). In addition to a systematic biopsy, this image fusion can be used to biopsy suspect 
areas in MRI imaging [28].

 

Figure 3. ‌The targeted MR ultrasound fusion biopsy (red and yellow arrows) revealed an acinar adenocarcinoma of the 
prostate (Gleason 3+4=7a). 
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For this image fusion technic a magnetic field generator, a corresponding transducer and 
patient sensor are required as hardware. In addition, suitable software must be installed on the 
ultrasound device. The transducer and patient sensor will be detected by a magnetic positioning 
system and the exact position of the sensor in examination room is calculated. For image fusion, 
DICOM data sets of all common cross sectional imaging techniques can be used. The DICOM data 
are loaded into the ultrasound system and the data sets will be registered in a second step. This 
image registration can either be performed manual or automatically based on or plane or volume 
imaging [29-31].

After a successful image fusion, the registered MRI images move simultaneously to the 
ultrasound plane. Optionally, the registered images can be viewed either in the overlay technique 
or in the side-by-side view. Conventional ultrasound tools such as color Doppler, Power Doppler or 
contrast-enhanced ultrasound can be integrated into the merged image [32-34].

After starting the prostate software anauto calibration algorithm is on the system available, 
this feature improve the detecting of the prostate shape and calculate automatically the prostate 
volume (Fig. 4). Additionally minor or major adaptation could be done manually (Fig. 5). 

 

Figure 4. ‌Auto calibration algorithm improves the detecting of the prostate shape (yellow arrows) and calculates 
automatically the prostate volume (38.90 ml).
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Figure 5. ‌Additionally minor (yellow arrow) or major (red arrow) adaptation could be done manually to calculate the 
prostate volume.

On the system a deformation correction algorithm could be used, this is a feature to improve the 
accuracy of registration by correcting deformed prostate shape when transducer is compressed 
the tissue during the procedure and it could be useful for targeted biopsy procedure (Fig. 6-9).
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Figure 6. ‌During the examination the probe compressed the prostate tissue (yellow arrow) and the result is a 
deformation of the prostate and a mismatch between ultrasound and MRI data (red arrow).

Figure 7. The deformation correction algorithm on the system could be used to improve the accuracy of registration 
by correcting deformed prostate MRI shape (red arrow) when transducer is compressed the tissue (yellow arrow) 
during the procedure.
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Figure 8. ‌During the examination the probe compressed the prostate tissue (yellow arrow) there is now a mismatch 
between the location of the prostate and the shape of the prostate in the MRI-image (red arrow). 

Figure 9. ‌Same patient as Figure 8. The deformation correction algorithm on the system improve the accuracy of 
registration by correcting the deformed prostate MRI shape (red arrow) when transducer is compressed the prostate 
tissue (yellow arrow). 
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In order to compensate a possible movement of the patient, a patient tracker is available which 
allows the patient to be repositioned during the intervention without having to re-register the 
MRI data.

The registration of ultrasound and MRI images in image fusion improves spatial orientation and 
suspicious focal findings can be better detected and biopsied in a targeted manner. In addition, 
this method allows an assessment of microvascularization in direct comparison to sectional 
imaging [35-37].

In clinical routine, this technique can be used for fusion biopsy of the prostate or after prostate 
intervention [38-43].

It takes less than 10 minutes to load the MRI data into the ultrasound system, register and 
perform the biopsy. During registration, the volume of the prostate is also automatically 
determined and the biopsy taken can be displayed in the 3D MRI data set. By using the auto 
calibration on the S-Fusion™ for prostate it supports a real-time auto calibration function that 
helps to perform more accurate and reliable procedures. The 3D modeling for prostate allows 
safe navigation and precise targeting during prostate biopsies created from MR data sets, and 
also provides a function to report the biopsy location in the volume (Fig. 10-14).

   

Figure 10. ‌The 3D modeling for prostate allows precise targeting during prostate biopsies based on the created data 
sets from MRI. It also provides a function to report biopsy location. Target lesion marked as a red sphere (yellow 
arrow) the already done biopsies are reported in the prostate model (red arrow).
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Figure 11. ‌S-Fusion™ auto calibration for prostate supports a real-time auto calibration function that helps to perform 
more accurate and reliable procedures. The system automatically detects the shape of the prostate (red arrows) and 
measure the prostate volume (32.6 ml). The target lesion is already detected in conventional B-image (yellow arrow).

Figure 12. ‌S-Fusion™ transfer the target lesion detected in conventional B-image (yellow arrow) into the 3D volume 
(red arrow). Additionally the prostate volume (32.6ml) is still visible during intervention.
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Figure 13. ‌The targeted MR ultrasound fusion biopsy (red and yellow arrows) revealed poor differentiated acinar 
prostate carcinoma (Gleason 4+4 = 8).

Figure 14. ‌The software for prostate image fusion allows precise targeting of the prostate biopsies based on 3D 
model. Target lesion marked as a red sphere in MRI and in conventional B-mode (yellow arrow). The already done 
biopsies are reported in the prostate model (red arrow).
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Summary

Up to now, the TRUS-guided 12-position prostate biopsy has been performed as gold standard 
to confirm the diagnosis of prostate carcinoma. This conventional method is quickly available 
and cost-effective. New clinical and technical developments in the field of magnetic resonance 
imaging (MRI) and targeted image-guided biopsy techniques have greatly improved the 
detection, localization and staging of prostate cancer in recent years [44-45].

The integration of multiparametric MRI (mpMRI), currently the best prostate imaging technique, 
into the biopsy procedure has led to a significantly increased sensitivity for the detection of 
clinically significant tumors compared to 12-time TRUS-guided biopsy [40, 46].

Siddiqui et al [40] were able to show in a published cohort of 1003 patients that MRI/TRUS fusion 
biopsies detect 30% more significant high-risk PCa (p<0.001) and at the same time 17% less 
insignificant PCa (p=0.002) than conventional biopsies. For the indication of rebiopsy, MRI fusion 
biopsy has convincingly demonstrated its importance in studies which involved several thousand 
patients [40, 47-51]. 
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