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Thermal ablation (TA) procedures are effective treatments for several kinds of cancers. In recent years, several medical
imaging advancements have improved the use of image-guided TA.
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| 1. Introduction

With recent improvements in technology, fusion imaging (FI) techniques in image-guided ablations have become more
and more applied in clinical practice 23],

Image-guided thermal ablation (TA) is an effective treatment for several kinds of cancers. TA is considered a curative
treatment for hepatocellular carcinoma (HCC) comparable to resection, for liver metastases unresponsive to
chemotherapy, for local control of abdominal malignancies (non-functioning adrenal tumors, abdominal sarcomas, renal
carcinomas) and extra-abdominal malignancies (bone tumors and lung primary lesions or metastases).

For the ablation success, an essential prerequisite is an optimal imaging technique to maximize pre-procedure planning,
intraprocedural targeting, post-procedure monitoring and assessing the result achieved.

Ultrasound (US) is the most diffused technique for guiding percutaneous procedures since it does not require ionizing
radiation, is a real-time, low-cost, multiplane and largely accessible technique. However, US has a low contrast resolution
and a relevant number of malignancies cannot be utterly detectable on US, like hepatic or renal lesions B, A further US
limitation is for lesions located in the hepatic dome or behind lung shadow through an intercostal approach which could
not be easily identified for a safe and effective needle placement.

Contrast-enhanced Computed Tomography (CECT) and magnetic resonance imaging (MRI) have a high-contrast
resolution. However, these modalities require specific high-cost equipment, often need the use of intravenous contrast,
are burdened by a limited or absent real-time capability and have other specific limitations, like the scarce availability of
MRI equipment for intervention and the use of ionizing radiations for CECT.

Contrast-enhanced US (CEUS) can increase the visibility of small lesion, is a cost-effective technique, but require specific
operator experience and still is not widely used . Moreover, CEUS still could not overcome some of the limitations
described, such as the difficult lesion locations.

Developments in computer graphics and technology have permitted improvements in 3D image-processing techniques
and spatial resolution, allowing one to overcome the technical boundaries of FI and making possible its adoption in
everyday clinical practice.

| 2. Fusion Imaging Techniques

To understand the role of FI and future applications is essential to know fusion technique.

There are two possible image registration and fusion approaches: the “software” and “hardware” approach. In the
software approach, images are acquired on separate devices, imported into image-processing workstation and registered
and fused using dedicated software.

In the hardware approach, different images are acquired on a single device, which can provide multi-modality acquisition
and registered and fused with the integrated software [,



The FI process is typically a two-stage in which the different steps are first registration and then fusion of the previously
registered images [&l.

2.1. Registration

The first step is reformatting the primary and the secondary images in the same format. The second step is to transform
the secondary images set to spatially align it in three dimensions with the primary image set.

The transformations can be “rigid” or “non-rigid”. In rigid transformation, the distance between two points is always
constant, allowing only translation and rotation of the image set. In non-rigid transformations, selected sub-volumes within
the image set may be expanded or contracted, translations and rotations may be performed as well .

Non-rigid registration warps and deforms the original data; it may introduce wrong assumptions, so the operator has to be
careful to verify the accuracy when using this method 19, Rigid transformations may be either manual or automated,
otherwise non-rigid transformations cannot be implemented manually and are always automated.

2.2. Fusion

Image fusion, or co-display, is the integrated display of registered images. It can be achieved with the simultaneous
display of images side-by-side or overlaying the registered images displayed in different color tables. Registration and
fusion can be automated, semiautomated or manual, with different grades of user interaction. The automatic ones can be
organ-dependent or modality-dependent because there are no universal algorithms of fusion. The final step in the FI
process is to evaluate the accuracy of registration that can be performed by examining the position of fiducial patches or
anatomical landmarks 29,

| 3. Clinical Applications
3.1. Liver

Image-guided tumor ablation is a consolidated, locoregional treatment for HCC that provides good therapeutic outcomes,
optimal local tumor control and overall survival . Furthermore, TA is mini-invasive, effective and relatively low cost 22!,
FlI techniques are applied in tumor ablation because they improve hepatic lesions detection: small HCC have low
sonographic contrast and conspicuity than larger HCC; this limits US-guided ablation alone 13, The detectability of smalll
HCCs at US is based on tumor size and localization in the liver 4, FI overcomes US-limitations displaying real-time
synchronized TC/MRI images in the same plane of US, obtaining an increase in detection of small cancer (<2 cm) 3],
Moreover, Fl is useful in detecting atypical HCC because the combination of US and hepatobiliary phase Gd-EOB-DTPA
enhanced MRI is more sensitive than conventional CEUS 181161 Calandri et al. after an extensive review on such topic
gave their personal view on the collected data: to overcome small HCC reduced visibility, CEUS should be preferred in
case of hypervascular behavior as first choice guidance technique and FI left for hypovascular lesions or in case of
obstructed lesion visualization 21,

MRI and CT are both used as reference data set for FI; FI imaging with conventional US and liver CT/MR images
improves the detection rate of HCC of 45% and, therefore, the procedure’s feasibility after FI U8 However, some
studies have shown the superiority of MRI with hepatobiliary phase to CT images for the identifications and definitions of
hepatic lesions, especially in small lesions less than 1 cm . Nevertheless, very promising preliminary data are available
regarding US/Cone beam CT (CBCT) FI 29, It is technically feasible and appears to be an effective image guidance
modality for achieving correct targeting and ablation of small lesions not clearly visible at US (Eigure 1).



Figure 1. Case of a patient with liver metastases from renal cancer treated with microwave ablation (MWA). (A) Axial view
during portal phase of the preoperative contrast enhanced Computed Tomography (CECT) showing a 6 mm enhancing
lesion of segment | (white arrow); (B) Live multiplanar reconstruction of the same source CT (left side) using fusion
imaging (FI) with intraoperative ultrasound (right side). In both views target lesion is marked by a green spot while the
MWA needle is marked by two solid arrows in the ultrasound image (right). (C) FI during MWA of the lesion in the liver
segment |. Arrow points out the area of gas formation at the tip of the ablation needle. (D) An axial view of the CECT
control the day after the procedure. Arrow points out the area of ablation of the liver segment I.

This method bears the potential to overcome the major limitations of US/CT or US/MRI FI since CBCT is performed in the
Angio room with the patient in the desired position for ablation despite of TC or RM images pre-acquired days before the
procedure 29,

Imaging guided TA has an increasingly important role in the management of patients with liver metastases, Fl increases
the visibility of hepatic lesions than conventional US [21. A study of 58 liver metastases demonstrated that percutaneous
ablation of 18FDG-PET/CT positive liver lesion using Fl of real-time US and previous PET/TC images facilitates the
procedures that could be impossible and challenging with conventional imaging guidance 22. Contrasted-enhanced
PET/CT optimize procedural duration time, with a mean time for image fusion of 4.6 + 1.5 min and raise the overall
ablation accuracy with complete ablation in 82% of cases [231124],

Fl in the treatment of HCC has a role in complex cases defined according to literature as lesions located in a high-risk
location adjacent to critical structures and less of 10 mm from them and undetectable lesions on the B-mode US, with
99.4% of technical efficacy rate 2. Kim et al. reported a 25.3% of non-detectable hepatic lesions on pre-treatment
planning US, that, with Fl, have been treated by TA.

Huang et al. compared the clinical application of CEUS, an CT/MRI fusion with CEUS and three-dimensional ultrasound
CEUS. All three techniques are feasible, although FI is more appropriate for multiple tumors, risky tumors and ALBI grade
2 and 3 €,

FlI reduces the major complications during liver ablations giving an optimal view of the lesion and the surrounding
structures.

3.2. Kidney

TA is a proven treatment for small renal lesions; it offers the advantage of limiting the invasiveness and the mortality and
of preserving the renal function 23, Mainly, TA is useful in patients with a centrally located tumor, where surgery would
imply total nephrectomy 281271, The widely used imaging modalities for percutaneous ablation are CT and US. FI seems
the optimal guidance for his capability to merge the advantages of both techniques and overcome the weaknesses of
every modality 28129 The advantages of FI are identifying the isoechoic lesions and reducing major complications due to
a better field of view 2231,

US guiding for TA is widely used for real-time capability and the broad availability in interventional suites. While CT is
crucial to precisely evaluate the anatomical relationship between the lesion and surrounding organs. TA ideal setting is
hybrid US-CT/angiography suites 2.



Fl is used to co-register previous CT or CBCT and real-time US to perform tumor ablations. Assisted CBCT and US Fl are
effective, safe and feasible in TA, but only a few papers investigated the advantages and limitations of these techniques
[33]134](35] A case of a patient with renal tumor treated with the guidance of Fl is shown in Figure 2.

Figure 2. Case of a patient with left kidney clear cell renal cancer treated with microwave ablation (MWA). (A) Axial view
during delayed excretory phase of the preoperative contrast enhanced Computed Tomography (CECT) showing a 25 mm
intrarenal lesion (white arrows); (B) Fusion imaging (FI) of the same CT (left side) and intraoperative ultrasound (right
side). MWA needle is marked by two solid arrows on the right. (C) FI during MWA of the lesion. Arrows point out the area
of gas formation at the tip of the ablation needle. (D) An axial view of the control CT at the end of the procedure. Arrows
point out the resulting completely ablated area of the kidney lesion.

3.3. Lung

For diagnosis in many pulmonary diseases, percutaneous image-guided needle biopsy has proven to be a safe and
effective technique gaining a pivotal role in the diagnostic workflow 8. In addition, TA is increasingly used in the
treatment of cancer patients, particularly in slow progressing oligometastatic patients, where radiation therapy is not
feasible. CT is the most used imaging for lung biopsies and TA, but it does not allow the real-time visualization of the
needle. This issue can be overcome using CT fluoroscopy which is currently more and more used to guide percutaneous
biopsies and ablations of pulmonary nodules but is associated with significant radiation exposure both to the patient and
the operator and it is not available in all radiology services B4,

Another technique that has had an increasing role is CBCT that produces CT images with the possibility of real-time
fluoroscopy visualization. It offers greater flexibility in the orientation of the detector around the patient compared to the
closed CT gantry [8l,

Fl technique is recently applied to lung procedures since software algorithms were developed to register the
intraprocedural anatomic imaging with preprocedural PET/CT data. Some studies reported the experience of fusion
PET/CT-CBCT studying in guiding percutaneous biopsy of lung lesions compared with CBCT guidance 3839120 pET/CT-
CBCT-guided is feasible and safe as CBCT-guided biopsy with a lower number of non-diagnostic samples and false-
negative cases, with evidence of metabolic information provided by a prior PET/CT and a better quality of the samples
obtained with FI guidance (8. Systems that allow to guide a virtual needle on a pre-acquired lung CT have been
implemented to reduce the number of CT acquisitions required in lung procedures and to improve the non-axial approach
in CT guided lung ablations. A case of a lung nodule treated with microwave ablation is shown in Figure 3.
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Figure 3. Case of an oligometastatic colonic adenocarcinoma in a patient with a nodule in the upper lobe of the left lung
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treated with microwave ablation (MWA). (A) Axial view of the preoperative Computed Tomography (CT) scan confirms the
presence of a 4 mm nodule in the left upper lobe adjacent to the pleural profile. (B) Using electromagnetic virtual
navigation guidance, the skin entry point is selected and the MWA antenna is inserted. (C) Multiplanar reconstruction of



intraoperative CT scan along the needle long axis showing correct targeting of the lesion. (D) Control CT at the end of
MWA treatment showing complete ablation without complications.

3.4. Musculoskeletal

Fl has been recently applied also in the musculoskeletal field to guide biopsies and ablations.

FI difficulties should theoretically be minimal in musculoskeletal procedures since the bone is not a mobile structure
compared to other target organs. However, because of differences in patient positioning and potential patient’s
movements, the operator must look for any significant deviation during the procedure in usual practice 411,

Fl has been used to perform joint and perineural injections as described by Sartoris et al. which demonstrated that US
needle guidance with MRI fusion assistance allows for safe and effective injection of degenerative facet joint disease 42,
Furthermore, FI of real-time US and CT scans is feasible to guide needle insertion into the Sacro-iliac joint 431,

Several papers have focused on bone or soft-tissue biopsies 4. US fusion technique with previously obtained CT or MRI
data provides a high diagnostic yield and accuracy comparable to CT-guided biopsy. FI has the advantages of faster
scheduling and biopsies time and the procedure is more comfortable both for the operator and patient 241,

Garnon et. Al. demonstrated the technical feasibility and safety of combined FI and needle tracking under US guidance to
target bone lesions without cortical disruption ¥4, The authors highlight the mandatory use of a tracking device to confirm
the trocar tip’s exact location 441,

FI has also been tested in spine procedures. CT/US Fl was demonstrated to be feasible and safe in guided bone biopsy
of spinal lesions; this technique allows for continuous needle monitoring and image acquisition, avoiding the need for
repeated CT scans and decreasing the number of CT passes throughout the procedure with shorter lead times compared
to standard CT guidance [45]. A case of a bone ablation performed with the assistance of Fl is shown in Figure 4.
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Figure 4. Case of a patient with a breast cancer femoral neck metastasis treated with cryoablation. (A) Axial view of the

preoperative unenhanced Computed Tomography (CT) showing a lytic ovoid femoral neck lesion (white arrow); (B)
Intraoperative setting for fusion imaging (FI): ultrasound (US) system with automatic image registration of fused images
with previously acquired CT volume data sets (white arrow), a disposable locating device and sensor (white arrowheads)
and electromagnetic generator (white asterisk). (C) Live Fl with CT multiplanar reconstruction (right side) and US (left
side). With combined CT-US imaging the needle (white arrow) can be oriented along the major axis of the bone lesion
regardless the acoustic barrier. (D,E) A paraxial view and a coronal view along the needle length of the intraoperative CT
confirming correct positioning into the lesion. (F) Final control CT on coronal plane after cryoablation and cementoplasty.

3.5. Prostate

The transrectal US-guided biopsy technique (TRUSbx) was introduced nearly 30 years ago and it has been the standard-
of-care to either confirm the diagnosis or exclude the presence of disease 8. The major disadvantages of the TRUSbx
are the systematic sampling errors 42, These limitations have highlighted the need to improve the diagnostic information
gained by the invasive prostate biopsies and maximize the detection of significant prostate cancers (sPCa), while
minimizing the over-detection of insignificant diseases 8. To overcome this issue, growing evidence support the use of
multiparametric MRI (mpMRY) to perform targeted biopsies (TBx) 42 In fact, the gold standard of MRI-guided TBx is the
in-bore TBx in the MRI suite, which can accurately sample lesions of interest with direct image confirmation of needle
deployment within the target B9, This technique is associated with not negligible costs, limited availability and does not
allow for concurrent systematic sampling 29, The application of FI, combining mpMRI data with TRUS (MRI/TRUS fusion)
joins mpMRI images and the more comfortable US guidance. It demonstrated to be time and cost-saving while preserving



an adequate targeting accuracy 212 An additional key advantage of MRI/TRUS fusion is that TBx can be combined with
systematic biopsies, as recommended by the European Association of Urology (EAU) guidelines 2], Several commercial
software platforms have been developed to increase targeting accuracy that differ in both, technology (image acquisition
and tracking mechanism) and biopsy route (transrectal or transperineal) 28, TA is not routinely applied at prostate tissue,
but experiences are increasing in this field, which represents a very promising field of application of TA for the future 54
(351, A case of biopsies of a prostatic nodule visible on MRI is shown in Figure 5.

Figure 5. Case of biopsies of a magnetic resonance imaging (MRI) visible prostate nodule. (A) Parasagittal long axis view
of intraprocedural ultrasound fused with regions of interest from MRI. Target lesion has been segmented in MRI images
and is encompassed by the green line in the prostate volume (blue line). (B) Axial view of the target lesion (green line) in
prostate parenchyma (blue line) derived from MRI. A reference grid is superimposed to select the appropriate space for
needle placement. (C) A transperineal biopsy needle is then placed in the selected hole in the reference grid and
advanced into the target lesion.
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