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PERSPECTIVE

Real-time Ultrasound Fusion Imaging—Guided Interventions:
a Review

CPY Chien, KH Lee, V Lau
Department of Radiology, Queen Mary Hospital, Hong Kong

ABSTRACT

Ultrasound fusion imaging is a novel technique that allows the fused synchronous display of computed tomography or
magnetic resonance images during real-time ultrasound scanning. It has been widely applied in various ultrasound-
guided interventions to enhance lesion detectability, thereby improving procedural accuracy and safety. In this article,
we describe the current status and our institutional experience of the application of ultrasound fusion imaging in
hepatobiliary, renal, and musculoskeletal interventions. We also discuss techniques, challenges, and recommendations
for ultrasound fusion—guided interventions.
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INTRODUCTION

Ultrasound is a widely used imaging modality to guide
percutaneous interventional procedures due to its easy
accessibility, real-time capability, and lack of radiation.
During ultrasound-guided interventions, interventional
radiologists often localise the target lesion and carry
out procedures by cognitive fusion with reference to
the computed tomography (CT) or magnetic resonance
(MR) images. Despite advancements in ultrasound
technology, visualisation of the target lesion can be
difficult due to isoechogenicity with background
parenchyma, obscuration by gas/calcification-related
posterior acoustic shadowing, or attenuation of the
ultrasound beam in obese patients.'

Medical image fusion is defined as the registration and
overlaying of images from the same or different imaging
modalities. Ultrasound fusion offers the opportunity of
better localisation by displaying CT/MR images with
real-time ultrasound side-by-side in the same plane and
position.?* It improves the accuracy and confidence of
the interventional radiologists during procedures.?

Real-time ultrasound fusion—guided intervention has
gained popularity in recent years. Previous studies
have evaluated the clinical applications of real-time
ultrasound image fusion in different anatomical regions
including liver, kidney, pancreas, breast, prostate and
musculoskeletal system.>® Contrast-enhanced ultrasound
(CEUS) can be used as an adjunct to further increase the
sensitivity of lesion detection.’

In this review, we describe the real-time ultrasound
fusion imaging technique used in our institution, and
our experience of applications of ultrasound fusion
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imaging in hepatobiliary, renal, and musculoskeletal
interventions. We also discuss the challenges associated
with ultrasound fusion—guided interventions and provide
recommendations.

REAL-TIME ULTRASOUND FUSION
IMAGING TECHNIQUE

There are several tracking methods for ultrasound probes,
including electromagnetic, optical, and image-based.
In our institution, an electromagnetic tracking system
is used as the tracking method for ultrasound fusion—
guided percutaneous interventions (Figure 1). The
tracking system consists of a magnetic field transmitter, a
position sensor, and a position sensor unit. The magnetic
field transmitter, which is positioned next to the patient,
creates a position-varying magnetic field. This induces
electric currents in the position sensor mounted on
the ultrasound transducer. During ultrasound probe
movement, information regarding the magnitude of the
induced current in the position sensor, which changes
with the magnetic field strength, is transmitted back to the
position sensor unit of the ultrasound machine, enabling
tracking of probe position relative to the magnetic field
transmitter.

To start the fusion procedure, the CT or MR images
best depicting the target lesion and its anatomic
relationship are uploaded to the ultrasound system.
Next, coregistration—the process of overlaying real-
time ultrasound and CT/MR images—is performed
by using either external fiducial markers or internal
anatomic landmarks. External fiducial markers contain
position sensors, which allow automatic ultrasound
image fusion when placed to the body surface close to
the target organ when performing CT/MR. For internal

Figure 1. Electromagnetic tracking
system for fusionimaging technique.
(@ The magnetic field transmitter
is mounted on support stand next
to the patient. (b) The ultrasound
transducer with the position sensor
mounted on it, which is used for
registration and throughout the
intervention process.

Hong Kong J Radiol. 2021;24:116-24

117



Ultrasound Fusion Imaging

anatomic landmarks, plane and point registrations are
performed manually (Figure 2). Plane registration is
performed by aligning the ultrasound probe in the same
plane (usually the axial plane) as the uploaded CT/MR
images. Point registration is performed by marking
standardised anatomical landmarks within the target
organ/area (e.g., vessels, calcifications, cysts) manually
on both the ultrasound and CT/MR images. Finally, the
operator should check if accurate registration has been
achieved by scrutinising the region of interest, including
the target lesion and its surrounding anatomic structures.
The process of point registration can be repeated until
optimal registration is obtained. After coregistration, the
CT/MR images are displayed on the monitor side-by-side
with the real-time ultrasound images in a synchronous
manner and updated simultaneously according to the
change in position and imaging plane of ultrasound
probe.

To avoid registration errors, movement of the transmitter
and patient should be avoided after coregistration.
Therefore, a stable and comfortable body position
should be ensured to minimise patient movement. A
short time interval between the CT/MR examination
and the interventional procedure is also preferred to
minimise interval changes in anatomy. In our institution,
we usually perform the ultrasound fusion—guided
interventions within 1 to 2 months after acquisition of
the CT/MR images.

APPLICATIONS OF FUSION
IMAGING

Hepatobiliary Interventions

Common ultrasound-guided hepatobiliary interventions
include lesion biopsy, tumour ablation, and abscess

drainage. Deep, small and isoechoic liver lesions are
difficult to be visualised in ultrasound. Synchronous
visualisation of both real-time ultrasound and
corresponding CT/MR images improves diagnostic
and therapeutic accuracy. Park et al'® reported that
ultrasound fusion allowed accurate localisation of target
lesion in the cirrhotic liver and decreased false sampling
of pseudolesion in the background of coarsened
parenchymal echogenicity.

Tumours located near the hepatic dome are technically
challenging to ablate due to the deep location and
suboptimal ultrasound visualisation, resulting in
increased risk of thermal injury to lung and diaphragm
and incomplete ablation.'"'> Lee et al'* demonstrated
that ultrasound fusion with CT/MR images could reduce
false-positive detection for lesions <2 cm, and enhanced
lesion detectability of small hepatocellular carcinoma
for percutaneous radiofrequency ablation. Song et al'4
showed that fusion imaging improved the conspicuity of
hepatocellular carcinoma and feasibility of ablation of
tumours that were not identifiable on ultrasound alone.
The authors found that 26 out of 82 tumours poorly seen
on fusion imaging could still be ablated by placing the
electrode based on peritumoral anatomical landmarks.'*

In hepatobiliary fusion imaging, the images/sequences
best showing the target lesion is used for coregistration,
such as arterial phase for hypervascular mass and
portovenous phase for hypovascular mass on CT and
hepatobiliary phase on MR imaging. The common
anatomical landmarks used for registration include
vascular bifurcations, such as right hepatic vein—inferior
vena cava junction and portal vein bifurcation (Figure 3),
or non-index lesions, such as liver cysts.

Figure 2. Steps of ultrasound—-computed tomography (CT) coregistration. (a) Photograph showing plane registration performed by aligning
the ultrasound probe in the same axial plane as the CT of the kidney with patient in prone position in kidney examination. (b) Ultrasound
and (c) corresponding CT images showing point registration performed by marking the same anatomical point-bifurcation of the main renal
artery into the superior and inferior segmental branches (arrows).
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In our experience, fusion imaging improves the detection
of deep and small isoechoic lesions in the liver (Figure 4),
hence reducing sampling errors during biopsy. In
patients with hepatocellular carcinoma who have
previously received transarterial chemoembolisation,
ultrasound fusion allows more accurate localisation of
active residual or recurrent disease in the background
of echogenic parenchymal/tumoral lipiodol uptake
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(Figure 5). This technique also allows ablation of small
and difficult lesions to be done under real-time ultrasound
instead of CT guidance, potentially reducing radiation
exposure to patients and radiologists.

Pancreatic Interventions
The pancreas, especially the pancreatic tail, is often
obscured by overlying bowel gas on ultrasound owing

Figure 3. (a) Ultrasound and
(b) corresponding computed
tomography images showing point
registration performed by marking
the bifurcation of main portal vein
into the left and right branch of portal
vein (arrows) in liver examination.

Figure 4. Coregistered (a)
ultrasound and (b) venous phase
computed tomography images of
liver hilum lesion for biopsy (arrows).
The lesion was inconspicuous on
ultrasound image alone.

Figure 5. Coregistered (a)
ultrasound and (b) venous phase
computed tomography images of
a middle-aged female patient with
hepatocellular carcinoma post-
transarterial chemoembolisation
for radiofrequency ablation of the
residual tumour (white arrows).
The residual tumour was isoechoic
to the lipoidal stained region on
ultrasound images.
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to its retroperitoneal location. CT or MR are better
modalities for assessment of the pancreas and its
relationship with adjacent structures such as the stomach,
duodenum, portal vein, aorta, and celiac axis. Therefore,
combining ultrasound and CT/MR allows real-time
visualisation of the needle path and increases the
accuracy during interventions. Zhang et al'® reported that
applying ultrasound-CT fusion in percutaneous drainage
of walled-off necrosis was associated with fewer
complications and a higher success rate when compared
with ultrasound alone, resulting in shorter hospital stay
and lower costs. To the best of our knowledge, there is
no evidence on ultrasound fusion—guided interventions
of pancreatic tumours in the literature, likely because
the deep retroperitoneal location of the pancreas renders
percutaneous access difficult.

Renal Interventions

Ultrasound is good for discriminating solid renal
lesions from cystic lesions. However, it has limitations
in the detection and characterisation of solid lesions,
especially when the lesion is isoechoic to the renal
parenchyma.'® Up to 35% of small (<3 cm) renal cell
carcinomas are isoechoic to renal parenchyma on
ultrasound.!” Helck et al'® reported that ultrasound image
fusion improved the identifiability and assessment of
renal lesions compared with other modalities. Another
study found improved image-guided tumour ablation
in the ultrasound fusion-guided treatment of patients
with renal tumours, particularly for lesions <4 cm and
in patients with a solitary kidney, in terms of avoiding
surgical nephrectomy and preserving renal function.”
Andersson et al® reported improved outcomes with
ultrasound-CT fusion guidance compared with ultrasound
alone in radiofrequency ablation of small renal masses.

Inrenal ultrasound fusion, the patient is usually positioned
in the lateral decubitus or prone position. The images/
sequences best showing the target lesion are used for
registration, such as arterial and nephrographic phases on
CT imaging, or T1-weighted post-contrast sequences on
MR imaging. Standardised anatomical landmarks used
for registration include the bifurcation of the main renal
artery into the superior and inferior segmental branches,
or the confluence of the superior and inferior segmental
renal veins into the main renal vein. Stable non-target
lesions such as renal cysts or calcifications could also be
used for registration.

In our experience, ultrasound fusion imaging guidance is
particularly useful in the biopsy of isoechoic and upper
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pole renal lesions, which are difficult to localise on grey-
scale ultrasound (Figure 6a and b). Fusion imaging also
helps to target the most appropriate part of the cystic
lesion to be biopsied and to identify the best location
for electrode placement during ablation. In patients with
Von Hippel-Lindau syndrome, ultrasound fusion helps
to identify renal cell carcinomas for radiofrequency
ablation in the background of multiple renal cysts (Figure
6¢ and d). Furthermore, fusion imaging helps determine
the correct path for the needle, to avoid damaging the
renal vessels and pelvis.

Musculoskeletal Interventions

In addition to abdominal applications, real-time
ultrasound fusion imaging guidance is helpful in
various  musculoskeletal interventions, including
therapeutic injections and biopsy of mass and non-mass
lesions.>® Klauser et al® demonstrated the feasibility of
using ultrasound-CT fusion in therapeutic sacroiliac
joints injections in patients with chronic sacroiliitis,
obviating the need for repeated radiation exposure in
young patients with spondyloarthropathies who needed
repeated injections. Furthermore, Burke et al® reported
the use of ultrasound fusion in therapeutic injections of
the pudendal nerve, piriformis muscle, and sacroiliac
joints, as well as barbotage for calcific tendinopathy.

Fusion imaging complements ultrasound with augmented
anatomical details demonstrated on axial imaging,
thereby helping the operators plan the trajectory and
avoid critical structures such as neurovascular bundles
during soft tissue mass biopsy. Furthermore, lesions
poorly visualised on ultrasound, such as non-fatty
components of lipomatous tumours and areas of active
muscle oedema in patients with suspected myopathy, can
be targeted with confidence by side-by-side correlation
between real-time ultrasound and MR images. Van De
Vlekkert et al*! demonstrated that using MR to select
target muscle with active oedema for biopsy decreased
the false-negative sampling rate from 23% to 19%
in patients with suspected idiopathic inflammatory
myopathy. Lee et al® demonstrated the feasibility and
benefits of performing muscle biopsy under ultrasound-
MR fusion imaging guidance in the patients with
suspected myopathy, by sampling site of active muscle
oedema without significant fatty infiltration. Our
centre currently employs ultrasound-MR fusion when
performing muscle biopsy for suspected myopathy
(Figure 7), obviating the need for open surgical biopsy,
which is more invasive and creates a larger wound.
During the procedure, fat-suppressed T2-weighted
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images of the pelvis and thighs are used for image
fusion to target the area of active muscle inflammation.
Standardised anatomical landmarks for point registration
include the saphenofemoral junction, common femoral
artery bifurcation, and quadriceps tendon insertion at the
superior pole of the patella.
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Figure 6. Ultrasound-computed
tomography (CT) fusion images
of renal lesions. Coregistered (a)
ultrasound and (b) corticomedullary
phase CT images of the left upper
polerenalmass (arrows)ofa67-year-
old man who underwent biopsy.
The target lesion was isoechoic
with the renal parenchyma and at
high position in the kidney, and was
inconspicuous on ultrasound image
alone. Coregistered (c) ultrasound
and (d) corticomedullary phase
of CT images of a 44-year-old
man with history of Von Hippel-
Lindau syndrome who underwent
radiofrequency ablation of right
upper pole renal cell carcinomas
(arrows) with a background of
multiple renal cysts.

Figure 7. Coregistered (a)
ultrasound and (b) T2-weighted
magnetic resonance images of the
left thigh muscles and left femur (F)
showing high T2-weighted signal
intensity in the short head of bicep
femoris muscle (arrows) but normal
ultrasound appearance.

CONTRAST-ENHANCED
ULTRASOUND

There are additional benefits of CEUS in abdominal
imaging, including improved detectability and
conspicuity of liver and renal lesions.?”?** Because CEUS
allows real-time visualisation of contrast enhancement
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of the septum and nodules in cystic renal tumours, the
most representative part of the lesion can be identified
for biopsy or ablation.”> Meloni et al** demonstrated the
use of CEUS in percutaneous treatment of hepatic and
renal tumours, including immediate visualisation and
real-time assessment of the ablation results.

In our experience, CEUS is particularly useful when the
target lesion is small, isoechoic to the parenchyma, and
posteriorly located in the liver (Figure 8). Ultrasound
contrast can be injected during ablation screening for
tumour detection, as well as during the ablation process
(Figure 9). This further increases the interventional
radiologist’s confidence and accuracy when performing
ablation in inconspicuous lesions.

CHALLENGES AND
RECOMMENDATIONS

There are some possible technical limitations to
real-time ultrasound fusion imaging techniques.
First, ultrasound fusion may potentially prolong the
procedure time owing to the extra time needed for image
coregistration. However, in our experience, the image
fusion step is simple and usually takes <10 minutes.
Moreover, ultrasound fusion guidance decreases
the time needed for trajectory planning, alleviating
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the need for re-positioning of the needle or ablation
electrode. Thus, operator confidence and accuracy are
increased and procedure time is shortened. Second,
misregistration of images can occur owing to patient
movement, uncooperative breathing movements, and
tissue deformation by probe compression.” One study
showed that the mean maximum registration error
between real-time ultrasound and fused CT images was
11.5 mm.* To minimise image misregistration, plane
registration should be performed in the same imaging
plane as the CT/MR examinations; patient movement
should be avoided after the image coregistration; and the
operator should maintain a steady and gentle force on
the ultrasound probe throughout the procedure to reduce
the tissue deformation, which is particular challenging
in superficial lesions. Third, the time interval between
the CT/MR examination and real-time ultrasound
fusion—guided intervention can affect the accuracy of
coregistration owing to disease progression or change in
patient’s body habitus. Therefore, it is crucial to use up-
to-date CT/MR images for coregistration.

CONCLUSION

In conclusion, real-time ultrasound fusion imaging
is a useful tool in various interventional procedures,
including the abdominal and musculoskeletal systems.

Figure 8. Contrast-enhanced
ultrasound-magnetic resonance
fusion images of a patient who
underwent radiofrequency
ablation of a 1.8-cm segment
6 hepatocellular carcinoma
(arrows). Coregistered (@)
ultrasound and (b) portovenous
phase magnetic resonance
images of  segment 6
hepatocellular carcinoma. The
lesion was posteriorly located
and inconspicuous on greyscale
ultrasound. Compared  with
(c) greyscale ultrasound, the
lesion was more conspicuous
with early enhancement after (d)
contrast-enhanced ultrasound.
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It provides improved visualisation of the anatomy and
the target lesions by exploiting the strength of contrast
resolution of CT or MR and combining this with real-
time ultrasound imaging. This allows more precise
planning of needle paths, increases safety, and decreases
radiation exposure. In muscle biopsy, ultrasound fusion
imaging can be used to target the most inflamed tissue,
potentially increasing diagnostic yield and replacing
invasive surgical open biopsy. Future studies would be
helpful to explore new clinical applications of ultrasound
fusion imaging, such as its utility in diagnostic imaging
of other organs or during surgery.
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