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13.1 Development of Ultrasound

Fusion Imaging

The first examinations with an image fusion ultrasound (US)
with the CT, later also the MRI, were very time consuming
and could only be implemented with special additional US
navigation technology. The fusion technique on US devices
was initially only applicable to very experienced
investigators.

The next steps were to increasingly integrate the technol-
ogy into high-performance ultrasound devices and to make
the technology more readily available. The examination
times could be shortened significantly and advantages, such
as improved tumor detection and characterization, became
apparent in liver tumors. The faster and more precise the sys-
tems became, the more they were used to carry out targeted
punctures, biopsies, and especially ablative therapies and
transarterial chemoembolization (TACE), in order to plan
them and to monitor them in the follow-up.

The fusion techniques are expanding to more and more
indications and are regarded as the basis of automated navi-
gation procedures. Fusion imaging opens up new possibili-
ties for intervention planning, implementation, and control,
but also offers the opportunity to better assess remission or
progress in the follow-up of liver tumor treatment [1].

E. M. Jung (><)

Department of Radiology, University Hospital Regensburg,
Regensburg, Germany

e-mail: ernst-michael.jung @ukr.de

Y. Dong

Department of Ultrasound, Zhongshan Hospital, Fudan University,
Shanghai, China

e-mail: dong.yi @zs-hospital.sh.cn

13.2 Basics of Image Fusion

For a dynamic image fusion between ultrasound and a slice
image process in real time, a magnetic field generator and a
corresponding transducer sensor are required as hardware. A
magnetic location system enables the transducer sensor posi-
tion to be detected, and thus the exact spatial position of the
sensor in the room can be calculated. For image fusion, digi-
tal imaging, and communications in medicine (DICOM) data
sets of all common slice image methods (CT, MRI, PET-CT)
can be used. For this purpose, the DICOM data are loaded
into the ultrasound system and the data records are then reg-
istered manually using anatomical landmarks or automati-
cally based on image recognition features. After a successful
data fusion, the registered sectional image data move simul-
taneously to the sonographic sectional plane. Various presets
are optionally available, which optionally display the regis-
tered images in the overlay technique or in the side-by-side
view. The color-coded duplex sonography (FKDS), Power
Doppler (PD), or CEUS can be easily integrated into the
merged image. Thus, the simultaneous use of the CEUS and
the image fusion gives the possibility of a tumor-related
assessment of the microvascularization in direct comparison
to the contrast medium-enhanced CT or MRI [2, 3].

13.3 Clinical Application of Image Fusion

CEUS with image fusion enables the experienced radiologi-
cal examiner to dynamically record the tumor microvascu-
larization down to the capillary level. In addition to the
primary applications of image fusion in the context of diag-
nostics, targeted biopsies, drainage systems, radio frequency
ablation (RFA), microwave ablation (MWA), irreversible
electroporation (IRE), and chemoembolization (TACE) can
also be planned and carried out. New possibilities open up
for effective diagnosis and therapy of oncological diseases
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by integrating all image modalities on a modern ultrasound
device [1].

Currently, with the fast development of medical imaging,
the detectability of HCC in early stages has been signifi-
cantly improved [4]. Ultrasound is regarded as the first-line
real-time guidance imaging method for percutaneous abla-
tion. Due to some small or isoechoic HCC lesions in liver
cirrhosis background, or due to intervening factors such as
the bowel gas or diaphragm, various challenges may exist
during the real-time ultrasound guidance. By merging the
real-time images from ultrasound/CEUS with a previously
obtained CT/MRI, fusion imaging methods expands the fea-
sibility and success rates of ablation procedures [5-8].
Ultrasound has been improved in the detection and charac-
terization of focal liver lesions [4]. In addition, fusion imag-
ing method can also be used for real-time guidance of
intervention procedures. The reported success rates of
fusion-guided biopsies or CEUS-guided tumor ablation were
between 80% and 100% [3, 4, 9].

13.4 Contrast Enhanced Ultrasound
and Image Fusion

With modern ultrasound technology, contrast enhanced
sonography (CEUS) enables dynamic detection of micro-
vascularization at the capillary level. If sulfur hexafluoride
microbubbles (SonoVue®/Bracco) are used as ultrasound
contrast signal amplifiers, the oscillation of the microbub-
bles with a low mechanical index (MI) <0.2 and the cor-
responding contrast agent software can be used to
dynamically record liver blood flow and tumor vessels.

CEUS is becoming increasingly important for the detec-
tion and characterization of malignant liver lesions and
allows percutaneous treatment when surgery is not possi-
ble. CEUS imaging fusion with CT and MRI opens up fur-
ther options for targeted and modified tumor treatments
(Figs. 13.1 and 13.2).

With regard to planning, implementation and control, as
well as the follow-up, CEUS has already taken on a fixed
diagnostic role for detection and characterization of liver
tumors. The decisive advantage is that when using ultra-
sound contrast agents, repeated intravenous contrast agent
applications can be carried out without stressing the kidneys,
and moreover, there is no impairment of thyroid function.
CEUS, therefore, is particularly suitable in situations in
which the administration of contrast media on CT or MRI for
liver tumor diagnosis, intervention preparation, or control
after interventions is restricted due to contraindications con-
sidering contrast media. These application options are fur-
thermore also available for the fusion of CEUS with MRT,
CT, or PET CT [10-12].

13.4.1 CEUS Image Fusion with CT or MRI
for Intervention Planning, Treatments,
and Follow-Up

The possibilities to perform a fusion by existing CT or MRI
data in DICOM format stored on high-performance ultra-
sound devices are now available from almost all device
manufacturers. The tumor findings in CT or MRI can be
transferred to the real-time image in ultrasound. For CEUS,
malignancy criteria include irregular arterial hypervascu-

Fig. 13.1 Fusion CEUS and contrast enhanced MRI (ceMRI) in a case of irregular hyper-vascularized tumor of the right liver lobe for planning
interventional procedures. CEUS has a better resolution for the early arterial hyper-vascularization of the HCC on the right liver lobe
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Fig. 13.2 Fusion CEUS and contrast enhanced CT (ceCT) for planning interventional procedure in a case of a small tumor lesion in the center of
the right liver lobe with early irregular arterial hypervascularization

larization and an increasing wash-out in the late phase.
With CEUS, it is possible to compare the dynamic micro-
vascularization of the early arterial phase after 10-15 s
after i.v. bolus injection until to the late phase of 3—5 min.
Thus, before tumor treatment by surgery, or if this is not
possible by an ablative procedure or embolization, the
degree of dynamic hypervascularization and the exact vas-
cular relationship with the fusion CEUS for CT or MRI
could be performed.

In cases of difficult conditions, navigation systems facili-
tate a biopsy to histologically secure even small suspicious
tumor lesions. Targeted ablation can be facilitated under dif-
ficult angulated puncture conditions by the tracking systems
with global positioning systems (GPS) control. Initial stud-
ies on control after interventions show advantages of a CEUS
fusion with CT or MRI for early detection of tumor recur-
rences. In addition, a merger can enable targeted intervention
or ablation and contribute valuable information about the
location of the tumor herd, even if it is not or only partially
visible in the B-mode [2].

The use of this technique in combination with further sec-
tional imaging can result in new aspects or a modified tumor
treatment for the patient at tumor conferences. Whether addi-
tional examinations can really be avoided if existing CT or
MRI data sets are used would be an interesting cost aspect of
the fusion technology on the US device to be investigated.
However, the technology has so far been reserved for indi-
vidual centers and is only used for improved training and
educational purposes to learn targeted punctures and
drainages.

13.4.2 Diagnosis of Liver Tumors and
Fusion Imaging

The combination of CEUS and CT lends itself to the charac-
terization and detection of unclear liver foci and enables
improved detection and assessment of unclear focal liver
lesions. A “wash-out” of the liver lesion beginning in the
portal venous phase and increasingly in the late phase is con-
sidered a malignancy criterion in the CEUS; an increasing
contrast agent enhancement of the liver lesion characterizes
a benign lesion. The dynamic contrast agent effects of CEUS
can be optimally used by a fusion CEUS/CT if no contrast
agent can be applied for tumor detection in CT or if, for
example, the contrast is not optimal due to circulatory effects
or the contrast agent protocol does not show arterial (15—
45 s) or late phase (3—5 min). Fusion imaging can be used for
both, lesion detection and characterization, and finally sup-
ports consecutive therapy [2, 13].

Oncological tumor boards discuss whether surgery is pos-
sible or whether percutaneous interventional intervention
makes sense, e.g., TACE, RFA, MWA, or, if necessary, selec-
tive internal radiotherapy (SIRT). Image fusion of CEUS
with CT allows a reliable, highly specific post-interventional
evaluation of TACE success with good sensitivity and with-
out any further radiation exposure (Fig. 13.3). It can detect
residual viable tumor at an early stage, resulting in a close
patient monitoring or re-therapy [14].

Fusion imaging enables improved liver segment alloca-
tion and allows assessment of the vascular reference.
Interventions can be planned and post-interventional con-
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Fig. 13.3 Fusion CEUS and contrast enhanced CT (ceCT) for planning interventional procedure by ablation therapy using IRE in a case of tumor
lesions in the center of the right liver lobe with early wash-out in CEUS (arrows)

trols can be optimized. Intraoperatively, the removal of
smaller liver tumors <10 mm can be facilitated. A broad
intraoperative application is currently opposed to the techni-
cal effort.

Image fusion with volume navigation (V Nav) of CEUS
with ceCT or ceMRI frequently allows a definitive localiza-
tion and diagnosis of hepatic lesions in patients with primary
hepatic carcinoma or metastatic diseases. This might cause a
change of the therapeutic strategy in many patients with
hepatic lesions [15].

13.4.3 CEUS with Image Fusion for Performing
Punctures, Biopsies, and Drainage

Current developments in fusion imaging make it easier to
guide biopsy needles to the liver foci identified in other sec-
tional imaging methods using GPS-like navigation tech-
niques. If these lesions can partially not or hardly be
recognized in conventional B mode ultrasound (BMUS)

scan, with the GPS marking, the target lesion can be marked
with a target point in order to implement a targeted puncture
“in-plane” or “ex-plane.” This is particularly advantageous
for small and near-diaphragmatic tumor sites. If tumors are
clearly recognizable in the B-mode or by CEUS, the experi-
enced examiner will usually puncture them with puncture
sound probes or with freehand technique. In the same way,
GPS technology can also be used for inflammatory behavior
to place a drainage percutaneously [16]. An in vitro study
showed significantly less time needed for the simulated
interventions in all examiners when V Nav was used
(P < 0.05). Percutaneous biopsies and drainages, even of
small lesions involving complex access pathways, could be
accomplished with a high success rate by using 3D real-time
image fusion together with real-time needle tracking [13]
(Fig. 13.4).

With image fusion of CEUS with CT/MRI, accompanying
by the use of GPS navigation systems, small foci can be punc-
tured even in difficult locations (Fig. 13.5). If the tumor lesion
cannot be visualized by the fundamental B-mode, the location
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Fig. 13.4 Fusion CEUS and contrast enhanced CT (ceCT) for plan-
ning interventional procedure of an abscess on the right liver lobe using
GPS markers with a virtual tracking line for the puncture. Green point

is determined according to the contrast medium dynamics of
the tumor focus or is determined by using a marker [17].
CEUS can also be helpful for diagnosis of the type and for
the targeted puncture or ultrasound-controlled drainage of
suspected inflammatory fluids. Fine septal structures, which
are only reproduced by CEUS, within these fluid contents
allow a more targeted puncture to be performed on abscesses.
Diagnostic accuracy of complicated, inflammatory, or sus-
pected tumor cysts can be done in a targeted manner.
Differentiation of complicated cysts in suspected echinococ-
cus is much better, but so is the assessment of cystic tumors
with partial necrosis. A puncture needle or drainage can also
be used to make an exact representation of the drainage
access and its location using the smallest amounts of contrast
medium. For this purpose, less than 0.5 ml of ultrasound
contrast medium with saline solution was applied via the
drainage. This can also be used to evaluate connections to

in the center of the abscess. After successful placement of the drainage
contrast agent was applied into the drainage for visualization of the cor-
rect placement without complications

neighboring organs via fistulas. The percutaneous execution
of targeted biopsies, punctures, and drainages can also be
used in combination with fusion imaging.

13.4.4 Liver Interventions with the CEUS
Fusion: RFA, MWA, and IRE

Planning, implementation, and monitoring after ablation of
malignant liver tumors are of great diagnostic importance in
liver interventions. In the case of HCC or liver metastases,
MWA or IRE are used in addition to RFA, if no operation is
possible. With the imaging fusion, the localization of smaller
tumor sites for intervention planning and implementation
could be much easier (Fig. 13.6). Therapeutic outcomes of
RFA under CEUS added fusion guidance for HCC in corre-
lation to fusion with B-mode were also evaluated. Adding
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Fig. 13.5 Follow up after MWA of a tumor lesion of the left liver lobe using fusion US/CEUS with MRI. A target GPS marker is used for locating
the ablation defect. CEUS demonstrates an avascular defect after successful treatment

Fig. 13.6 Fusion CEUS and contrast enhanced CT (ceCT) for planning interventional procedure of a small tumor lesion on the left liver lobe
using GPS-markers with a virtual tracking line for the puncture. Green point in the center of the tumor lesion
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CEUS to fusion imaging was useful for improving the con-
spicuity of HCC inconspicuous on fusion imaging alone,
thus enabling successful percutaneous RFA with excellent
therapeutic outcomes [18].

Intervention planning includes the exact registration of all
tumor areas, their localization, and the relation to the liver
vessels, the capsule, and the diaphragm. The use of contrast
agent imaging enables dynamic detection of the liver vessels
and the tumor vessels. In the case of the ablative procedures,
treatment of the tumor lesion with a safety margin of >5 mm
in all planes must be achieved in accordance with the tumor
extent and localization (Fig. 13.7).

257

A prospective non-randomized study was performed to
evaluate CEUS-CT/MR fusion imaging for assessment of
treatment response in the ablation procedure. The cumulative
local tumor progression (LTP) rate and overall survival (OS)
rate were not significantly different between fusion imaging
group and routine CEUS group. However, for large lesions
(>3 cm) or lesions located close to major vessels, the cumu-
lative LTP rate was significantly lower in fusion imaging
group. Intraprocedural CEUS-CT/MR fusion imaging might
be a potentially efficient method in reducing LTP during
HCC thermal ablation, especially for difficult ablation liver
lesions [19].

Fig. 13.7 CEUS and Fusion CEUS with contrast enhanced CT after ablation therapies. Only using B-mode no decision is possible about success-
ful treatment. Only CEUS or fusion CEUS/CT could evaluate the success by clearly visualizing the defect margins
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Fig. 13.8 Fusion CEUS and contrast enhanced CT (ceCT) for planning interventional procedure by ablation therapy using IRE in a case of tumor
lesions in the center of the right liver lobe with early wash-out in CEUS (arrows)

The assessment of ablative procedures can be sonographi-
cally restricted during the intervention due to gas develop-
ment, but still offers the possibility of being available as
contrast agent imaging in the further course if the use of con-
trast agents in CT or MRI is limited by the kidney function.
In the case of ablative procedures, the RFA or microwave
needle must be unplaced in the case of larger tumors; here,
the fusion technique can be used in order to deliver the
untreated portion of the tumor to the therapy. The same
applies to the monitoring of an IRE (Fig. 13.8). In the IRE,
the main vessels that cross the tumor, especially the main
branches of the hepatic artery and the portal vein, are pre-
served, the tumor capillaries are switched off by the proce-
dure. CEUS has a very high diagnostic value in the success
control according to RFA, MWA, and IRE and is also suit-
able for further follow-up [8] (Fig. 13.9).

To compare the applicability of fusion imaging between
CT/MRI-CEUS fusion imaging and US-CEUS fusion imag-
ing in the assessment of treatment response during liver
tumor ablation. The applicable rate of US-CEUS fusion
imaging was lower than that of CT/MRI-CEUS fusion imag-
ing, because of some inconspicuous lesions in conventional
ultrasound. However, the registration success rate of
US-CEUS fusion imaging was higher than that of CT/
MRI-US fusion imaging, especially for patients with pre-
ablation surgeries or procedures. Both CT/MRI-CEUS and

US-CEUS fusion imaging are proved to be feasible means
for immediate evaluation of treatment response for liver ther-
mal ablation. US-CEUS fusion imaging showed distin-
guished advantages including convenience and a higher
success rate of registration [20].

In the hands of the experienced examiner, the image
fusion from the CEUS combined with the CT and MRI
examination preceding the intervention can be used for the
post-interventional follow-up. The image fusion of CEUS
with MRI or CT is also suitable for lesions not detectable in
the fundamental B-mode, but can be precisely localized by
CEUS fusion and can then be punctually targeted and abla-
tively treated using navigation systems. In a randomized
controlled trial, clinical application values of CEUS, CT,
MRI, and three-dimensional ultrasound-CEUS fusion imag-
ing techniques in the assistance of thermal ablation for HCC
were compared. All the three techniques are proved to be
feasible for intraoperative HCC thermal ablation [21].

In conclusion, ultrasound image fusion offers the poten-
tial for real-time imaging and can be combined with other
cross-sectional imaging techniques as well as CEUS, which
can facilitate the diagnosis and therapy control after liver
interventions. In addition to the primary applications of
image fusion in the diagnosis and treatment of liver lesions,
further useful indications can be integrated into the daily
work routine.
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Fig. 13.9 Follow up after MWA of an extensive tumor lesion of the right liver lobe using fusion CEUS and MRI. MRI findings are a combination
of an irregular ablation defect with central hemorrhage changes. CEUS demonstrates an avascular defect without active bleeding in the center

resonance imaging in detection of hepatic cellular carcinomas
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