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Conventional cross-sectional imaging techniques [ultra-

sound, computed tomography (CT), magnetic resonance

(MR), efe.] have important roles in noninvasive diagnosis,
Abstract and in tumor treatment strategies. The techniques em-
ployed have different working principles, consequently
complementing each other with respect to the information
obtained. The combination (fusion) of two imaging tech-
niques was developed in recent years, defining the so-called
“hybrid techniques” or “fusion imaging”. Combinations of
anatomical imaging techniques (ultrasound with CT or MR
imaging), as well as associations between anatomical (CT
or MR imaging) and molecular (SPECT or PET) imaging
modalities are currently used in clinical practice.

Visualization of tumor angiogenesis can facilitate non-
invasive evaluation of tumor vascular characteristics to
supplement the conventional diagnostic imaging goals
of depicting tumor location, size, and morphology. Hy-
brid imaging techniques combine anatomic [ultrasound,
computed tomography (CT), and/or magnetic resonance
imaging (MRI)] and molecular (single photon emission
CT and positron emission tomography) imaging modali-
ties. One example is real-time virtual sonography, which
combines ultrasound (grayscale, colour Doppler, or
dynamic contrast harmonic imaging) with contrast-en- TECHNICAL ISSUES

hanced CT/MRI. The benefits of fusion imaging include

an increased diagnostic confidence, direct comparison ~ One example of fusion imaging is real-time virtual sonog-
of the lesions using different imaging modalities, more ~ raphy (RVS), a technique that enables the display of an

precise monitoring of interventional procedures, and re-  ultrasound B mode image and CT or MR images in real-
duced radiation exposure. time''. The system includes a magnetic positioning sen-

sor fixed on the convex-shaped probe of the ultrasound
© 2011 Baishideng. All rights reserved. scannet, for the creation of images with identical cross-
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Figure 1 The probe and the magnetic sensor are assembled with careful attention to the positions of the orientation marks.
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Figure 2 The left liver lobe ultrasound and computed tomography images
are visualized at the same time in real-time virtual sonography.

sections in real-time. This is done according to the posi-
tion and the angle of the probe in relation to previously
acquired CT and MR volume data. To be compatible with
the RVS module, CT examination must meet certain re-
quirements: (1) the volume data must be archived in the
DICOM format; (2) the slice thickness should be 3 mm
or less and image reconstruction the same; and (3) the CT
scan area must include the xiphoid process.

To display virtual images, it is necessary to transfer the
CT or MR data to the ultrasound machine®”. The magnet-
ic positioning sensor unit is carefully assembled, based on
the position of orientation marks. It uses a distal attach-
ment, which helps install the magnetic positioning sensor
on the probe, as shown in Figure 1. The magnetic sensor
detects the changes in location, direction, and rotation
of the probe during normal ultrasound scanning of the
patient. The transmitter (the instrument that produces the
magnetic waves) for the magnetic positioning sensor unit
is installed on the left flank of the patient. Using a probe
equipped with the magnetic sensor, a sagittal section of
the left hepatic lobe is then captured (Figure 2). The xi-
phoid process is usually chosen as a reference anatomical
point. In case of a mismatch between the ultrasound and
the virtual image (CT or MR), it is possible to readjust
and correct the mismatch during the exam. The adjust-
ment is made possible by freezing the CT/MR images on
a section with clearly visible anatomical landmarks, for
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Figure 3 A 65-year-old male patient with liver metastases. The workstation
monitor displays the ultrasound and computed tomography images in real-time.

example the portal vein bifurcation or the right kidney in
a longitudinal view, followed by identification of a similar
ultrasound image and continuation of examination”. The
wotkstation monitor displays two images: the ultrasound
real-time image and the virtual reconstructed CT/MR im-

age (Figure 3).

CLILINICAL APPLICATIONS

The founding principles of combining the ultrasound
image and the CT/MR images were based on several ob-
servations. In recent years, frequent imaging investigations
led to the discovery of small focal liver lesions, which can
be treated locally by ultrasound-guided radiofrequency
ablation (RFA) or other ablation techniques. However,
ultrasound exams are cannot always identify isoechoic

tumors, tumors recurring locally in areas treated with lipi-
odol following transartetial chemoembolization (TACE),
of tumors recurring in areas treated previously by RFA
or percutaneous ethanol injection (PEI) procedures’. In
addition, in ultrasound examinations, there ate a few dead
angles and it is difficult to examine the whole liver, espe-
cially in obese patients. Nodules that are pootly identified
on ultrasound are clearly visible on CT/MR. Howevet,
interventional treatment is easier to petform under ultra-
sound-guidance, while the exposure to increased doses of
radiation is also avoided. Thus, real-time virtual sonogra-
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Figure 4 Real-time virtual sonography of liver nodules with simultaneous
display of the contrast-enhanced magnetic resonance section and ultra-
sound images. 2D (A), Power Doppler (B), and contrast enhanced ultrasound
(C) vs the reconstructed corresponding image.

phy combines the imaging advantages of both techniques.
Several studies have already proved the feasibility of the
RVS module, especially for percutaneous RFA of poortly
visible or unidentifiable focal liver lesions during B-mode

Figure 6 Real-time virtual sonography showing multiple metastases, bet-
ter depicted on contrast-enhanced computed tomography as compared
5] with ultrasound. A nodule in nodule aspect is visualized with excellent correla-
sonography . tion on both contrast-enhanced magnetic resonance and real-time ultrasound.
The RVS module is compatible with B-mode (Figure
4A), color Doppler imaging (CDI) mode (Figure 4B),

and dynamic contrast harmonic imaging (D-CHI) mode mechanism of action is clearly different”. Likewise, liver

(Figure 4C)[8]. Therefore, RVS might have important clini- metastas§s that ar? poorly Visible in 2D ultrasound c.an
cal applications in the assessment of tumor angiogenesis. also be discovered in real-time virtual ultrasound, especial-
Hepatocellular carcinoma, a hypervascular tumor mainly ly if contrast-enhancement is used (Figure 6). Although,
supplied by hepatic arteries, shows a typical pattern in the combined use of contrast-enhanced images has not
contrast-enhanced ultrasound: arterial hypervasculariza-  yet been described in terms of accuracy for the positive

tion (Figure 5A) with washout in the portal venous duting and differential diagnosis of small focal liver lesions, RVS
the late phase (Figure 5B)"”. Real-time virtual ultrasound ~ might combine the advantages of both methods (ultra-
can reveal the contrast-enhanced ultrasound image in a sound and CT/MR).

similar way to contrast-enhanced CT/MR, although the For oncological patients, the tumor response to che-

(49

3ui;l::eng® WJG | www.wjgnet.com 51 January 7, 2011 | Volume 17 | Issuel |



Sandulescu DL et a/. Hybrid imaging techniques

motherapy is conventionally assessed by RECIST and
WHO size criteria, obtained during CT/MR follow-up'"”.
Anti-angiogenic treatments induce lesion necrosis with no
change in volume of the initial tumor; therefore, the use
of size criteria appear inappropriate. Several studies have
shown that the use of microbubble contrast agents can
detect changes in vascularization, by calculation of maxi-
mal perfusion parameters, such as peak intensity, time to
peak intensity, area under the curve, and slope coefficient

4 Thus, the simultaneous use of real-time

of wash-in
virtual sonography with dynamic contrast-enhanced ul-
trasound can be also employed. The method might allow
the quantification of tumor perfusion for eatly assessment
and quantitative monitoring of the efficacy of antiangio-
genic agents, based on changes in vascularity, even before

morphological changes become apparent[m].

LIMITS

RVS cannot be used in patients if CT/MR is contrain-
dicated (patients with known contrast medium allergies,
renal failure, or metallic implants). Another limitation of
RVS is that the technique does not always show the best
synchronization between ultrasound and CT/MR images,
although the discrepancy can be adjusted with careful
visualization of neighboring portal and hepatic veins in
most cases”. The use of the RVS module does prolong
the examination time; therefore, the clinical impact, in
terms of improved decision making, should be further
assessed. The technique adds the costs of CT/MR to the
costs of the contrast-enhanced ultrasound exam; thus the
cost-effectiveness of this approach must be evaluated in
future studies'”.

CONCLUSION

In conclusion, hybrid ultrasound imaging techniques now
play a pivotal role in diagnosis, staging, and follow-up dur-
ing treatment. During local ablation of focal liver lesions
hybrid ultrasound imaging allows better control of the
procedure and less radiation exposure.
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