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RATIONALE AND AIMS
Ultrasonography (US is the method of choice for performing interventional procedures since it is a real-time technique,
which does not use ionizing radiations, being accessible and cheap [1]. However, compared to computed tomography
(CT) and magnetic resonance (MRI), it has a lower contrast resolution, less panoramic field of view and is influenced by
the presence of gas, calcifications and obesity. Before performing a US-guided interventional procedure, the radiologist
usually consults a pre-acquired MRI or CT exam to learn the main spatial and morphological information of the target
lesion, keeping them in mind and then mentally exploiting them during the procedure. This process is normally
described as cognitive fusion [2].
Recently, new virtual US real-time fusion imaging technologies have been developed, implemented in the modern
FUJIFILM Healthcare ultrasound machines, which allow to simultaneously exploit the strengths of each radiological
method in real-time [3]. In particular, the US fusion imaging makes it possible to put beside or superimpose on the US
image a previously acquired MRI or CT, reconstructed instantaneously on the same plane of the ultrasound cone. In this
way the interventional radiologist during the procedure has at his disposal all the anatomical and morphological
information of the patient and of the target lesion, at the same time and on the same screen. This technique is therefore
essential to increase the conspicuity of lesions that are not clearly visible in B-mode, to increase the confidence of the
operator and to increase the chances of a successful procedure [4].
The implications of the US fusion imaging in interventional radiology are several [4–8]. It should also be remembered
that, although the advantages of the US fusion imaging are predominantly in the interventional sphere, it may still have
a role even in diagnostic or, for example, in ultrasound teaching.

TECHNOLOGY, MATERIALS AND TECHNIQUES
The US fusion imaging system developed by FUJIFILM Healthcare is called “Real-time Virtual Sonography” (RVS)
and is composed of:



a transmitter magnet (Figure 1) mounted on a
flexible stand and placed as close as possible
to the patient to create a magnetic field up to 76
cm away.



a magnetic sensor (Figure 2) applied to the
transducer by dedicated plates, in order to
constantly monitor in real-time the position and
orientation of the probe.



RVS software implemented in the US machine
for managing CT, MRI or PET-CT images for
real-time use of volumes acquired and
synchronized with the ultrasound image. The
RVS Software allows to import volumes in
DICOM format acquired by CT, MRI or PET-CT
in both pre- and post-contrastographic (arterial,
venous and delayed) phases.

Figure 1
The magnet mounted
on the flexible stand.

Figure 2
The magnetic sensor applied on the US transducer.
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The optional omniTRAX Active Patient Tracker (manufactured by CIVCO Medical Solutions), equipped with an
additional magnetic sensor, for the use of the Body Motion Tracking function (Figure 3a-3b). The device must be
positioned on the same anatomical landmark on the patient's skin (Figure 3c) both during the acquisition of the CT,
MRI or PET-CT exam and during the procedure. This device allows a rapid synchronization of the images and
allows the synchronism to be maintained between the images even if the patient moves or simply raises the
abdominal wall during the breaths.

Figure 3a
OmniTRAX Active Patient Tracker for CT
and PET-CT.



Figure 3b
OmniTRAX Active Patient Tracker
for MRI.

Figure 3c
OmniTRAX Active Patient Tracker applied to
the patient’s skin.

The optional VirtuTRAX device (Figure 4) for using
advanced needle tracking features. This device,
equipped with an additional magnetic sensor, must
be hooked to the needle and allows its constant
virtual monitoring in the space by the ultrasound RVS
system, which clearly reproduces it both on the
ultrasound image and on the CT or MRI image.

Figure 4
VirtuTRAX device (b) applied to the needle (a) with its
magnetic sensor (c).

The RVS software is also equipped with some advanced simulation and rendering functionalities specific for ablation
procedures. In particular:



The E-field Simulator function (Figure 5) provides a
simulation of the thermal energy distribution during
the radiofrequency ablation procedures, combined
with the real-time RVS function. In particular, by
setting in the system the length of the exposed part of
the electrode and the type of needle (bi-polar or
mono-polar), a color map superimposed on the
CT/MRI simulates the extension of the ablated area
allowing the operator to understand if he will go to
treat the entire lesion or if he risk to harm healthy
delicate structures.
Figure 5
The E-field Simulator function allows to estimate the
extent of the area that will be treated
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The 3D SIM Navigator feature (Figure 6) is included in the RVS package and completes its functions. The software
simulates the needle path within the US-fusion function. It is also possible to place multiple needles during ablation
procedures using 3D bodymarks from the CT or MRI volume.

Figure 6
The 3D SIM Navigator feature simulates the needle path during the ablation procedures.

During the use of RVS fusion imaging, all the features of a common US examination such as color Doppler or
elastography are preserved and can be used at any time to further increase the accuracy of the method. Even
contrast-enhanced ultrasonography (CEUS) can be easily performed during a fusion imaging examination.
The visualization of the C (coronal) plane in real time of the CT / RM mode, allows to verify the real position and insertion
angle of the needle respect to the lesion, useful especially in the case of treatment of large lesions where it is necessary
to insert multiple needles to be sure the lesion is completely ablated.

PROCEDURE I PLANNING
The US fusion imaging procedure always begins with a planning phase in which the DICOM images of the CT, MRI or
PET-CT exam are imported into the ultrasound system. Images can be imported from CD, from a USB drive or directly
from PACS. The possibility of importing multiple DICOM volumes of the CT, MRI or PET modality with different phases
of the exam with Contrast Media, allows the use of the venous phase where the intrahepatic vessels (hepatic and portal
vein) are clearly visible to improve the synchronization between the two modalities. This also allows performing the
comparison between the different methods of lesion behavior during the CEUS exam.
During the planning phase the target lesions to be treated should be marked. The lesion marker will appear both on the
US image and on the CT/MRI after the synchronization process. The planning phase can be performed in advance and
the planning file can be saved in the ultrasound hard disk to be opened later during the procedure in order to save time.

PROCEDURE I SYNCRONIZATION
Synchronization represents one of the most delicate phases of the procedure as it serves to guarantee the best possible
matching between the US images and the CT/MRI images, in order to increase the overall accuracy of the procedure.
Synchronization can be performed in two different ways:
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Using anatomical landmarks, like navel or xiphoid or
motionless internal structures (celiac trunk, superior
mesenteric artery origin, etc). Synchronization between the
images can be refined through the "registration point"
function which allows the immediate synchronization by
positioning a landmark on the CT/MRI image and on the
corresponding point on the US image. The "overlay”
function (Figure 7) helps to increase the precision of the
images matching.

Using the Body Motion Tracking system with the
OmniTRAX device the synchronization phase is automatic,
much faster and more precise, allowing also to reduce the
movements and breathing.

Figure 7
US/CT fusion imaging synchronization phase with overlay
funcion. The CT image is reconstructed in the corresponding
plane and superimposed to the US image (left). Color-Doppler
confirms the correct matching of the vessels.

PROCEDURE I PROCEDURE
When the synchronization is complete, the CT or MRI images follow the ultrasound perfectly and instantly, allowing the
radiologist to simultaneously exploit all the strengths of the different methods. The probe's movements correspond to a
real-time reconstruction of the CT/MRI exam on the same plane and in the same position. The target lesion is constantly
indicated by the marker positioned in the planning phase (Figure 8). If the VirtuTRAX device is in use, a virtual needle
corresponding to the real one is clearly displayed on the screen to accurately follow its progress and positioning. At any
time, is possible to switch from one contrast phase to the other (Figure 9), as well as from one MRI sequence to another,
if previously loaded in the planning phase.

Figure 8
The target lesion is a recurrence of hepatocarcinoma arising at the edge
of a previous ablation area, poorly visible at normal B-mode US. The
lesion is marked both at CT (left) and at US image (right). The two
images are perfectly matched.
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Figure 9
Recurrence of hepatocarcinoma in a cirrhotic liver. The marked lesion is
treated b radiofrequency ablation even if it is not clearly visible at normal
B-mode ultrasound, relying on the arterial CT phase two images are
perfectly matched.
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During the procedure all of the features of a common US examination can be used, such as color-Doppler (Figure 10) or
CEUS (Figure 11).

Figure 10
Color-Doppler used to avoid vessels during a US fusion-guided
radiofrequency ablation of a pancreatic adenocarcinoma, marked
both at CT and at US.

Figure 11
Contrast-enhanced ultrasonography performed during a US fusion-guided
procedure on a pancreatic body adenocarcinoma.

CONCLUSION
US fusion imaging is an innovative and revolutionary technology that represents a major step forward in the field of
US-guided interventional procedures. Its use makes it possible to increase the precision of US-guided interventions,
increasing operator confidence and patient safety. US fusion imaging is therefore an important extra tool that the
interventional radiologist has at his disposal to successfully complete some procedures that otherwise could not be
performed, especially when the B-mode US does not clearly show the target lesion and the delicate surrounding
structures to be preserved.
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