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Abstract

Background: Currently, several treatment options are available for liver cancer depending on various factors such

as location, size, shape, and liver function. Image fusion is required for the diagnosis, intervention, and follow-up of
certain HCCs. Presently, mental fusion is the only way while diagnosing liver lesions by comparing the ultrasound (US)
image with the computed tomography (CT) image. Nevertheless, mental fusion is bound to have errors. The objective
of this paper is to study the present treatment options for hepatocellular carcinoma and review the present treatment
options, list out their potential limitations, and present a possible alternative solution based on the findings to reduce
errors and mistargeting.

Methods: This is a systematic review on the present treatment options for hepatocellular carcinoma, especially radio

wave ablation.

open-ended questions to further explore.

Results: [tis found that computer fusion is the possible alternative to the present mental registration.
Conclusions: Although computer fusion is the best alternative to use radio wave ablation, there have been a few
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Introduction

Liver disease is a leading cause of mortality; statisti-
cally, hepatic cancer remains the eighth-most and
fifth-most common malignancy in women and men,
respectively [1, 2]. Among those malignant neoplasms
of the liver, primary hepatocellular carcinoma (HCC)
and colorectal metastasis are the most frequent and
amount to 500,000 and 700,000 new cases per year,
respectively. Primary liver cancer is the sixth-most
common cancer in the world and the third leading
cause of death due to cancer, after lung and colorec-
tal; its incidence is the highest in Asia and Africa [3].
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Hepatocellular carcinoma is the most common type of
liver cancer, accounting for 75% globally [4].

Hepatocellular carcinoma (HCC)

HCC is the most common primary liver cancer [5].
The major risk factors for HCC include hepatitis B,
hepatitis C, chronic alcohol consumption, nonalco-
holic fatty liver disease, obesity, diabetes mellitus,
and aflatoxin. Other causes are increased iron over-
load, hereditary hemochromatosis, Wilson’s dis-
ease, primary biliary cirrhosis, alphal-antitrypsin
deficiency, and autoimmune hepatitis [6]. It occurs
more often in men than in women and is usually diag-
nosed in people 50 years or older, reaching a peak at
70 years [7]. HCC may be asymptomatic in the early
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stages, making it harder to diagnose [8]. As it grows,
it may cause right upper quadrant pain of the abdo-
men, feeling of a lump, nausea, loss of appetite, unin-
tentional weight loss, jaundice, swelling or bloating
of the abdomen, and easy bruising. The overall prog-
nosis for survival is poor, especially in symptomatic
patients. Survival length depends on the degree of
cirrhosis in the liver; cirrhotic patients have shorter
survival times and lesser therapeutic options. Por-
tal vein occlusion leads to even shorter survival [3].
A comparable number of patients die of liver failure
as they do from tumour progression. The course of
action for treating HCC depends on its size, number,
location of tumours, presence or absence of cirrhosis
and its extent, portal vein patency, and presence or
absence of metastatic disease [3].

In addition to primary cancer, the liver is also the
most commonly affected organ by metastasis. Among
liver metastasis, colorectal cancer is the most frequent
and accounts for 150,000 cases per year in the USA and
around 700,000 cases worldwide.
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Diagnostics and treatments

The treatment of HCC requires a multidisciplinary
approach, including hepatologists, transplant and hepa-
tobiliary surgeons, medical oncologists, interventional
radiologists, and palliative care specialists. While there
are several treatment options available for HCC, there
are only two possible curative options available—surgi-
cal resection and liver transplantation [9]. The two main
factors used for determining resection are tumour size
and liver function. The Milan criteria is used for checking
liver transplantation eligibility [10, 11]. Only about 5% of
HCC patients fit the criteria; most of these patients have
longer survival lengths and lower rates of recurrence
after the transplantation (Fig. 1) [12].

Liver transplantation

Liver transplantation is possibly one of the best curative
treatment options available for HCC. There has been an
improvement in the prognosis of HCC patients after the
introduction of the Milan criteria; 75% of patients had a
5-year overall survival rate and less than 15% had tumour
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recurrence [13]. Milan criteria for liver transplant are (a)
one lesion < 5 c¢m, (b) 2-3 lesions < 3 c¢m, (c) no extrahe-
patic metastasis, and (d) no vascular invasion.

Living donor liver transplant is done for (1) patients
that do not fit the Milan criteria, enabling them to
undergo the liver transplant, and for (2) patients that fit
the Milan criteria to decrease their wait time. It is used
as a life-saving procedure; however, it has a higher HCC
recurrence rate than a deceased liver donor. For patients
with very early-stage HCC or Child-Pugh A cirrhosis, i.e.
preserved liver function, a liver transplant is not as ben-
eficial as liver resection or ablation.

Surgical resection

Surgical resection is generally performed on certain
patients eligible for transplantation, leaving liver trans-
plantation for HCC patients with severely impaired liver
functions [14]. Surgical resection is preferred for patients
with a single nodule, good liver function, and no underly-
ing cirrhosis. This results in a narrow range of patients
eligible for the procedure, only Child-Pugh class A
patients. Although surgical resection has a good 5-year
prognosis, it has a high recurrence rate due to micro-
scopic vascular invasion [7]. Early recurrence occurs due
to local invasion and intrahepatic metastasis, whereas
late recurrence is mainly due to de novo tumour for-
mation. The surgical approach is chosen subject to the
availability and response to local ablative therapies like
radiofrequency ablation [15, 16].

Transcatheter arterial chemoembolization

Transcatheter arterial chemoembolization (TACE) is a
minimally invasive procedure used in interventional radi-
ology to block the blood supply to the lesion [17]. It is
done by injecting the chemotherapy through the catheter
directly into the artery supplying the tumour and then
plugging the artery with an embolus to get a targeted
effect. This spares the patient many side effects that they
would get in the systemic chemotherapy. TACE is the
chosen method of treatment for intermediate HCC; it is
used in case of unresectable HCC without microvascu-
lar invasion and some preserved liver function. It is con-
traindicated in patients with poor liver function as the
chemoembolization may worsen the hepatic function.
Patients with allergy to the dye, coagulopathy, severe
cytopenia, kidney impairment, or cardiac dysfunction are
also not advised to undergo TACE [18].

Systemic targeted therapy

Carcinogenesis occurs due to genetic modifications
affecting various signalling cascades resulting in
mutations that lead to uncontrolled cellular growth
[19]. There is also overexpression of certain signalling
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pathways such as vascular endothelial growth fac-
tor (VEGEF), epidermal growth factor, insulin-like
growth factor, Ras/MAPK, etc. Systemic therapy aims
to target these specific signalling pathways, limit-
ing systemic therapy [20, 21]. Nevertheless, HCC is
resistant to most chemotherapy and the application
of chemotherapy is limited due to the underlying liver
disease [14]. Sorafenib, a multi-kinase inhibitor, is
now approved for use against advanced unresectable
HCC, but its use in intermediate HCC treatment is
not clear yet [22].

In 15-25% of patients, these hepatic metastases are
uncovered with colon cancer, while hepatic tumours
are developed metachronously in 20-25% of patients
[23]. The 5-year survival rates for metastatic liver can-
cer are 5-8% if untreated and 35-58% if surgically
treated. However, only 10-20% of patients are fortu-
nate to get treated by surgical procedure, because of
the associated cirrhosis orientation complexity pre-
venting the surgery [24]. Thus, other potential alterna-
tive treatments are usually adopted such as radiation
therapy, chemotherapy, and ablation for those patients
by extrahepatic clinicians. Thermal ablation, being a
less invasive procedure, is now well preferred as one of
the curative treatments for early-stage HCC patients.
It is needless to say that every present ablation proce-
dure has merits and demerits, but recently, it is found
that radiofrequency ablation can be recommended as
the standard treatment for HCC, where surgery is not
suitable [25]; furthermore, it has relatively less compli-
cations [26].

Radiofrequency ablation (RFA)

Radiofrequency (RF) is an ablation method that uses heat
resulting in the formation of zones of coagulative necro-
sis [27, 28]. An alternating current (AC) is applied to the
cathode that is grounded on the skin. As a result, the ions
around the electrode vibrate aligning with the AC leading
to resistive tissue heating. This direct heating gets con-
ducted to the adjacent tissues through thermal diffusion.
Thus, both the indirect and direct heating results in the
final ablation [29].

RFA has been in use since last three decades [30]
and the clinicians (interventional radiologists) pre-
fer it over others in locoregional treatment. In small
lesions (size <3 cm), the RFA relatively needs lesser
sessions than percutaneous ethanol injection (PEI)
and has a higher rate of complete necrosis [31]. The
antitumour effect is influenced by tumour location,
blood flow, and tumour size. Moreover, it can also
be used as a bridge before the liver transplant or as a
palliative care method to prevent tumour progression
and extend survival length.
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Liver radiofrequency ablation

Certain measures are required to determine if RFA
is needed for early-stage HCC, such as tumour back-
ground, liver function, and patient’s performance status.
RFA is used as per the guidelines set by the Barcelona
Clinic Liver Cancer (BCLC) staging system in treating
patients with very early stage of HCC (stage 0 and stage
A). It has already been established that RFA can be used
for the patients with stage 0, Child-Pugh class A or B liver
profile, and HCC lesions < 3 c¢m [30]. It may be noted
that heat-based RFA is considered as the primary treat-
ment for the patients with liver dysfunction, who have
stage 0 or stage A HCC [32]. The following are some of
the indications of radiofrequency ablation: (a) usually
<3 cm lesions, (b) <3 cm tumour diameter, (c) colorec-
tal metastases isolated to the liver, (d) proximity to blood
vessels—heat sink effect if vessels are too close, and (e)
limited extrahepatic lesions, multiple lesions (diffuse and
sparring)—if all can be cured. RFA can lead to small abla-
tion zone size in a single treatment session. More patients
with HCC can be benefited from RFA if its indication
included increases in the sizes up to 5 cm [19].

Clinical and technical challenges of RFA
It may be noted that there are several complications,
where RFA cannot be used, for instance, haemorrhage is
one of them [30]. Patients with coagulopathies are usu-
ally excluded due to the risk of haemothorax or portal
vein thrombosis. The benchmark of the platelet count
for abnormal coagulability is set as <40—-50x10°/L and/
or INR > 1.5 [33]. Gastrointestinal perforation is another
major complication. Any history of biliary surgery
increases the risk of higher liver abscess. There is also a
chance of hepatic decompensation and liver failure. It
may cause thermal organ damage to nearby organs. The
rare biliary interventional procedures could also lead to
the formation of bacteraemia and sepsis [34]. RFA has
witnessed very little success while treating large tumours.
Additionally, the RFA is not suitable for the tumours in
highly perfused tissue regions because of the heat sink
effect, where there is poor conductive heating and lim-
ited cooling within perfusion-mediated tissues. As a
result, an undesirably high rate of local tumour progres-
sion is evolved in large tumours [32]. The following are
the contraindications of RFA: (a) tumour location <1 ¢cm
from main bile duct (delayed stenosis due to fibrosis),
(b) dilated intrahepatic bile duct, (c) anterior exophytic
lesion—tumour seeding, and (d) bilioenteric anastomo-
sis—could lead to fibrosis, hence, obstruction, unman-
ageable coagulopathies.

Despite the above, RFA has been popular; obtaining the
complete tumour necrosis and a disease-free margin of ~
1 c¢m is the primary objective of RFA [35, 36]. However,
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there are some technical challenges associated with RFA:
(1) there is a significant increase in lesion reoccurrence
[37], (2) there is a risk of increasing tumour seeding and
thermal injury of perihepatic structures [38, 39], and (3)
complex tumour location (e.g. diaphragm, colon, proxim-
ity to the biliary tree), portal hypertension, and obesity of
the patient; these can alter the results substantially [17].
The main reason of these may be linked to (1) the ina-
bility of drawing an appropriate safety margin along the
local tumour [38, 39] and (2) improper visualization of
the tumour in completing the tumour necrosis.

Role of computer vision
Computer vision and image processing are needed to
improve the visualization of the lesions that are complex
to identify with the human naked eye. Thus, computer
vision helps in 3 key aspects: (1) speed—helps complete
a task faster, (2) accuracy—helps obtain the outcomes
with better accuracy, and (3) urgency—whenever there
needs immediate attention. Various liver imaging modal-
ities such as ultrasound (US), computed tomography
(CT), and magnetic resonance imaging (MRI) are pro-
cessed to localize the lesion(s) in the input liver image.
US is considered to be the first line of imaging due to
its easy accessibility, real-time capabilities, and low cost.
Most importantly, it does not have any radiation hazard.
However, it has certain limitations: (1) it is equipment
and operator dependent and (2) image resolution is low.
Thus, other imaging methods such as CT and MRI are
considered to confirm the lesion site. Appropriate deline-
ation of tumour boundary is possible by a robust image
segmentation method [40-43]. The image segmentation
can also help set the appropriate safety margin.
Visualization is key in removing the liver lesions. Since
the imaging methods such as CT/MRI cannot be per-
formed during the actual intervention, the clinicians have
to depend only on the liver US images and mentally reg-
ister with the pre-operative CT images. However, image
fusion (by fusing two different imaging modalities) could
provide improved visualization of the liver lesions that
individual imaging modalities are incapable of, enabling
the radiologist\interventional radiologist to set a needle
route to the lesion, pinpoint the exact lesion location,
minimize mistargeting, and help in checking for recur-
rences [44, 45]. Sometimes, flexible physical 3D liver
models are built from the corresponding liver images
(CT\MRI) using robust computer vision algorithms for
procedural rehearsal [46, 47].

Image fusion

As discussed, US is usually the preferred method of
imaging because of many factors such as (1) it does
not have any radiation hazards, (2) it has real-time
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capability, (3) it is easily accessible, and (4) its cost is
low. The clinicians usually perform mental registra-
tion between pre-operative CT with intra-operative
ultrasound during US-guided interventional proce-
dures. This is quite challenging because the liver cannot
be scanned in the same planes like CT or MR images
[48]. In addition, the liver gets deformed and displaced
because of the patient’s breathing and heartbeats. Fur-
thermore, a lower resolution of US limits the visuali-
zation of small lesions, especially when they are sparse
(not focused). Air present in the lung parenchyma,
bones, hollow organs, calcifications (gallstones), or bil-
iary tract may limit the acoustic window and interfere
with the ultrasound. Sometimes, the lesions and their
margins are also not clearly evident in B-mode ultra-
sound in the case of inhomogeneous and cirrhotic livers
even after the contrast agent is injected. Thus, confu-
sion with cirrhotic nodules, poor conspicuity of the
target lesion, and poor acoustic window are bound to
happen [49]. Therefore, inappropriate intervention may
be resulted hurting the patient and wasting the effort of
the clinicians, para-medical staff increasing the coun-
try/hospital burden socially and economically. Citing
these problems, a sophisticated tool, Image Fusion, is
needed to facilitate the integration of the US images
with CT/MR increasing the visualization of lesions from
these imaging modalities, when applied alone [50]. The
fusion can efficiently combine the merits of the individ-
ual imaging modalities increasing the quality of visuali-
zation and improving the confidence of the clinician.
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Image fusion procedure

The image fusion procedure is described as follows: (a)
acquire the pre-operative CT/MRI of the liver lesion; (b)
segment the liver for localizing of the lesion [51-55]; (c)
take the intra-operative US of the liver; (d) perform image
fusion—convert the images into the same format and
spatially align the images; (e) image fusion is then per-
formed integrating the display of the registered images,
either side-by-side or overlay them; (f) determine the
needle route to the lesion; (g) augment the lesion on the
liver; and (h) perform radio wave ablation of the lesion
with a 5-mm safety margin. Hepatic and portal veins are
used as anatomical markers after dividing the liver into
segments. The specific anatomical landmarks for image
fusion and ablation are chosen based on the location of
the lesions.

Clinical applications

Image fusion helps combine various modalities of imag-
ing and compare them to one another which helps with
precise localization and characterization of the liver
lesion. This does not only help with diagnosis, but also
the intervention and follow-up, especially for lesions
with low conspicuity on B-mode ultrasound. It is used for
the following: (a) diagnosis and treatment of small liver
cancer, (b) evaluation of minimally invasive treatment
techniques—transcatheter arterial chemoembolization
(TACE) and radiofrequency ablation (RFA), and (c) early
diagnosis and treatment of new or recurrent liver cancers
or liver metastasis after surgery (Fig. 2).

HITACHI AA 850
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Fig. 2 CT-US image fusion of small hyper-vascular nodular recurrent HCC close to a previously ablated area [14]
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Potential challenges of image fusion and prospects
The imminence of mistargeting a lesion is one of the
main concerns in image fusion. This could be due to
two reasons: (1) the lesion is usually small in size or (2)
the adjacent pseudo-lesions are confused with a lesion
(regenerative nodules in a cirrhotic liver). Lesions may
also be missed due to their location (subphrenic or sub-
capsular areas) or poor conspicuity.

It is also challenging to synchronize a static image
(pre-operative CT) with a dynamic image (intra-oper-
ative US) due to the patient’s breathing motion affect-
ing the liver. The liver itself is also a dynamic organ
in the sense that the periphery expands more widely
than the core during the breathing cycle, including
translations and rotations. There are also fewer ves-
sels present in the periphery, making the image fusion
difficult due to fewer anatomical landmarks. The
patient may also be positioned differently during the
two imaging procedures.

Contrast-enhanced US (CEUS), which is the use of
ultrasound after injection of contrast media, may be used
in combination with image fusion to alleviate some of
the limitations since it has better conspicuity than the
B-mode US.

Image fusion aims to determine the spatial corre-
spondence between two image sets minimizing their
difference. For instance, there are a static image St(x)
and a moving image Mv(x); an optimal transform Tr(x)
is determined by the image fusion algorithm that min-
imizes the difference between St(x) and Mv(x). The
fusion algorithms can either be rigid or non-rigid; the
operations such as rotation and translation are uniform
in rigid image fusion so that all the pixel-to-pixel rela-
tionships remain equal even after the transformation,
whereas, in the case of non-rigid fusion (also called
deformable fusion), the pixel-to-pixel relationships
change keeping St(x) and Mv(x) aligned on the same
reference coordinate. However, a pixel in either image
set may not necessarily represent the same anatomical
structure. Thus, local distortions either due to self or
neighbouring dynamic organs\tissues or patient breath-
ing are bound to occur.

Several challenges can complicate the fusion accu-
racy; they are real-time fusion, tissues located in the
abdomen/thorax, and respiratory motion causing tissue
deformation. Furthermore, intra- and inter-fractional
anatomical variations in the image sets can cause dis-
similarities. The plain physiological changes such as
tumour growth, patient weight loss, bladder filling, etc.,
can cause soft tissue deformation. The image fusion
should not be dependent on the medical instruments in
the ultrasound images.
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Although the deformable fusion can manage most of
these challenges, it would certainly need high compu-
tational power and time that may affect the real-time
aspect. There are three key functionary blocks in a
deformable fusion: the deformation model, the optimi-
zation method, and the objective function. The similar-
ity definition between St(x) and Mv(x) is needed for the
objective function that can be feature-based, intensity-
based, or a combination of the two. The type of similar-
ity metric depends on the fusion accuracy desired and
the type of images along with the amplitude of misalign-
ment. The intensity-based objective functions are most
suitable for the single modality images, while the feature-
based objective function needs the image feature defini-
tion that is independent of image intensity. However, it
can be time-consuming and difficult to construct the
features while introducing intra- and inter-observer
dependencies.

From a medical standpoint, the real-time US-CT fusion
is certainly challenging, which is due to the fact that the
information in the modalities originates from different
physical processes and properties. The changes in the
acoustic impedance, various artefacts, and speckle noise
are all included in US images, whereas CT uses X-ray
attenuation. With regard to image quality, US images are
relatively limited with image information due to overly-
ing structures and subcutaneous fat or gas-containing
organs. Additionally, the US images are acquired in arbi-
trary planes.

The fusion outcome may be better visualized by
using augmented reality (AR), whereas there is a sub-
stantial drop in the cost incurred [56]. Although vir-
tual reality is another option, it is not appropriate to
be used since it isolates the clinicians from the sur-
roundings. AR has the ability to integrate real objects
with virtual ones in a real environment. Importantly,
since the virtual and the real objects are aligned and
run interactively, AR could be more advantageous for
image-guided systems. Thus, operating on HCCs could
also be made easier by using AR, where the lesion is
projected onto the patient’s liver at the exact location
and depth. We have provided a possible workflow as in
Fig. 3, which could be explored further. We believe that
this solution could improve the lesion visualization
indirectly reducing the patient’s exposure to radiation.
Furthermore, it could also be time- and cost-effective,
and much more clinically applicable.

The system overview can further be imagined as
shown in Fig. 4. This system aims at fusing pre-oper-
ative CT images with intra-operative US images for
hepatobiliary procedures in Interventional Radi-
ology with a complete visualization in augmented
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Fig. 3 Projection of CT-US image fusion in AR to highlight sparse lesions

reality (AR). As described in Fig. 4, the pre-operative
CT images of the same patient can be retrieved from
the picture archiving and communication system
(PACS) server and US images can be sent from the
ultrasound machine to the Image Fusion system in
real time. The Image Fusion PC can run a set of image
processing algorithms (including image segmentation
[40—43] and image registration [57]) rendering the pro-
cessed 3D images via augmented reality (AR) providing
an enhanced visualization to the clinician.

Figure 4 describes the hardware architecture of
the entire system. The system mainly consists of the
following major hardware components: fusion PC
(personal computer) is the core of the system. This
PC is responsible for communicating with all other
hardware components and running all software com-
ponents in it, including querying CT images from
PACS, receiving real-time ultrasound images from
the ultrasound scanner, running all image process-
ing algorithms, receiving scanner position via opti-
cal marker, and running AR rendering server to
render AR images via AR device. The PACS server is
responsible for storing DICOM CT images, whereas
the ultrasound scanner is responsible for acquir-
ing real-time ultrasound images of the patient and

sending those images to the fusion PC. Finally, Hol-
olens renders the processed images in augmented
reality. In this setup, the optical tracker tracks the
position of the body part being scanned in the 3D
space. The proposed system can certainly be helpful,
if some concerns are properly addressed: (1) most of
the ultrasound machines available in the hospitals do
not have provision to export raw data (videos), say to
the computer; (2) latency at the computer in receiv-
ing the raw data from the US machine; (3) accuracy
of real-time fusion; (4) privacy in using AR; and (5)
adaptation of an AR-based system by the clinicians,
who are not technology friendly.

Conclusion

Image fusion of pre-operative US and postoperative
CT/MRI increases the conspicuity of HCC that is not
visible on the conventional B-mode US. Integrating
two different imaging modalities further helps in dif-
ferentiating the true index of the tumour from nearby
pseudo-lesions or previous ablated zones. In this
paper, we have summarized and reviewed the exist-
ing treatments for hepatocellular carcinoma. We have
shown how this helps the clinicians in successfully



Dakua and Nayak Egyptian Liver Journal (2022) 12:30

Page 8 of 10

L]

] 1
N
g 1
>
o
US| E 1
mage| |  USImage DICOM Data = —
o Receiver Manager o
1
S Image | orimage E—
¥
Image Segmentation PACS Server

US Scanner

lSegmented Image

Image Registration and Fusion

Fused Image

A

Optical Marker Position Opt'ic.:al AR Rendering Rendering Frames
Position P Server ‘\
Tracker
Position

Optical Tracker

Fig. 4 lllustration of a possible solution

HoloLens

targeting the liver lesion and ablating it. Although
the technology for image fusion has come a long
way, there is still scope for further advancements in
the field. We have highlighted the potential limita-
tions and have presented some open questions for the
researchers. We believe that this review would help
the clinical researchers gain some technical knowl-
edge along with clinical ones.
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