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S-Fusion™ for Liver

Liver Cancer 

Cancer is a disease in which cells in the body grow out of control. If a malignant tumor is starts being grown in liver, it is defined 
as liver cancer. Each year in the United States, about 24,000 men and 10,000 women get liver cancer, and about 18,000 men and 
9,000 women die from the disease. The percentage of Americans who get liver cancer has been rising for several decades, but 
may be beginning to level off. [Fig.1] Liver cancer is more common in other parts of the world than in the United States. [1]

Liver Analysis Solutions

Samsung Ultrasound System’s liver analysis solutions are able to track from the diagnosis to post-op follow-up. Among the 
stages, the S-Fusion™ can be used for the procedure such as ablation. Ablation is treatment that destroys liver tumors by 
heating them. These techniques can be performed in patients who have with a few small tumors and are improper case to 
operate general surgery.
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Figure 1. Number of new cases and deaths of liver cancer [2]

Figure 2. Samsung liver analysis solution for each stage of the liver disease



Conventional Liver Fusion 

Fusion imaging with ultrasound system is frequently 
used during interventional procedures like percutaneous 
local ablation therapy and biopsy. When the location or 
boundary of a tumor which is not visible in ultrasound 
images can be observed clearly in MR/CT/PET images, 
this technique is useful for accurate targeting. [Fig.3]
However, it is time consuming task and go through 
a many step for accurate registration even by skilled 
surgeon.  

* In the existing studies, the time required for manual 
fusion varies from 3.7 ± 2.1 min[6] to 13.3 ± 5.7 min[7]. 

An electromagnetic sensors (EM) which is attached on transducer senses the position and angle of the transducer in the 
magnetic field created by the transmitter. The correspondence between the ultrasound image and MR/CT image gets 
aligned and this process is called ‘registration’. After ‘registration’, the cross-sectional MR/CT/PET image corresponding to the 
ultrasound image gets displayed by utilizing the transducer position/angle information sensed.
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Figure 3. Ultrasound Image and CT/MR Image



S-Fusion™ for Liver

S-Fusion™ for Liver

S-Fusion™ enables simultaneous localization of a lesion using 
real-time ultrasound in conjunction with other volumetric imaging 
modalities.

Samsung’s auto registrations help quickly and precisely fuse the 
images with increasing efficiency and saving the procedure time. 

Auto Registrations

S-Fusion™ overcomes a weakness of conventional through providing auto registrations based on cutting edge 
technology. In details, it provides especially 4 way registration and it helps users to be easy to initial registration and save 
the procedure time in interventional and other advanced clinical procedures. [Fig.4]
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Figure 4. 4-way registrations



• Approximately 4 times faster initial registration
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• Positioning Auto
One-step initial registration is conducted by positioning the 
transducer in the patient’s solar plexus, as fiducial point, 
before patient scan. By automatically detect the fiducial in 
CT/MR, it enables to lock the orientation with US image.

• Matching Auto
Matching auto allows automatic initial registration by 
attaching external markers to the patient’s body before 
S-Fusion™ exam is processed. It enable users to respond 
flexible situation more easily. 



S-Fusion™ for Prostate

Prostate Cancer

Prostate cancer is the most common types of cancer among American males and the fourth most common cancer overall. 
[Fig.5] For diagnosis of prostate cancer, the 12-core systematic biopsy is performed, and, recently, the targeted biopsy 
is additionally performed by using MRI-TRUS (Transrectal Ultrasound) Fusion to improve accuracy. According to the 
reference [9], accuracy of the targeted biopsy, which is approximately 38%, is notably higher than that of the systematic 
biopsy, which is approximately 26%. Currently, the European Association of Urology (EAU) recommends that patients with 
a PI-RADS Score of 3 or higher [11] get tested by both the systematic biopsy and the targeted biopsy combined. 

Limitations of Conventional Prostate Fusion Imaging

By referring to ultrasound images and registered MR images, it’s possible to perform a targeted biopsy using MRI fusion.
Therefore, the accuracy of the targeting is affected by the accuracy of registration between TRUS and MR images. 
However, the prostate is an elastic organ and the pressure of the transducer may change its shape in real time, which 
is reflected only in ultrasound images.[Fig.6] This morphological change is a factor that decrease the accuracy of 
registration with MR images. Thus, this may lower the accuracy of tumor targeting.
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Figure 5. Number of new cases and deaths of prostate cancer

Figure 6. Before and after prostate deformation



S-Fusion™ for Prostate Biopsy

S-Fusion™ for Prostate allows efficient MRI-TRUS registration and ensure accurate targeting by advanced prostate 
fusion solution. Prostate Fusion Solution is a customized mode for prostate biopsy and, with the help of Samsung’s state 
of the art technology, it features auto prostate segmentation, prostate deformation correction, auto calibration, and 3D 
modeling for user convenience.

Auto Prostate Segmentation

• Clinical evaluation

In preparation for biopsy, the MR DICOM images (T2 weighted) of prostate are loaded and reconstructed to obtain 
the 3D volume data, and the MRI targeted biopsy is planned. In this process, the prostate auto segmentation feature, 
benefited from industry-leading technology, automatically segments a prostate boundary for each slice and combine 
them to obtain the prostate 3D volume and volume size. * (internal test result of Dice scores: 0.88 for RS85 v2.03 device) 
Users can manually modify prostate boundaries and add target markers to an area in the MRI image where lesions are 
suspected.[Fig.7]

In a relevant clinical study, prostate volume sizes from a total 
of 19 patients were measured using AP/Transverse/Longitude 
diameters in the prostate ultrasound test to confirm the 
clinical usefulness of prostate’s auto segmentation. Manual 
measurement of prostate volume by radiologists was 
45.2 ± 20.5ml and the prostate volume obtained by using auto 
segmentation was 44.1 ± 19.0ml. The measurements were within 
the allowed similarity range and thus clinically viable 
(p = 0.89, Wilcoxon-sign test). [Table1]
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Figure 7. Prostate boundary segmentation 
by auto segmentation

Table1. Auto and manual measurement of the prostate volume

Auto segmentation

Manual by Radiologist



S-Fusion™ for Prostate

Registration

In initial registration, the axial plane matching is performed. Users can control the trackball to move in-plane and out-
plane.[Fig.8]

Auto Calibration

S-Fusion™ for Prostate supports an automatic and real-time calibrating function that helps you perform more accurate 
and reliable procedures. The principle of auto calibration is to detect the boundaries of the prostate on TRUS and MR; the 
images result from respectively Auto prostate segmentation and finetune (calibrate) the matching between the images. 
[Fig.9]

Prostate Deformation Correction

Prostate deformation correction is based on deformation correction algorithm. It is a feature to improve the accuracy of 
registration with MR image by correcting deformed prostate shape when transducer is compressed during the procedure 
and it is useful for targeted biopsy procedure. [Fig.10]

Figure 8. Control the trackball to move horizontally

Figure 10. Registration with MR image by correcting deformed shape

Figure 9. Registration with MR image by finetuning the position of prostate



Feature map

Feature map

• Deformation correction algorithm (Rigid + Elastic Transform)
Deformation correction algorithm is a key part of the technology for auto calibration and prostate deformation 
correction. From each TRUS image and resliced MR image, the prostate feature map is created. The TRUS feature 
and MR feature map are rigid-registered to convert the registered prostate area in each map elastically. 
Then, the prostate deformation image caused by transducer movement is applied to the MR image. 

• Clinical evaluation
For 19 patients, discrepancies of registration before and after calibration on deformation were compared to 
validate deformation. The average registration error before calibration was 5.32 ± 2.61 mm, and 2.11 ± 1.37 
mm after calibration, notably reducing the registration error (p <0.0001, Wilcoxon-sign test). When results of 
clinical biopsies by specialists were compared, it was found that the hit rate of MRI targeted biopsy performed 
with the deformation feature was 44.7%, more than double of that of systematic biopsy. [Table2][Fig.11]
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Cancer positive by patient: 11/19 (57.9%)
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Systematic 50 228 21.9%
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Total
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67 266 25.2%

Table2. Comparison of systematic and fusion targeted biopsy Figure 11. Prostate deformation correction in clinical study


