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Abstract 

Background: Liver metastases are a common occurrence 

in metastatic illness and play a crucial role in determining 

treatment and prognosis. Various imaging methods, including 

ultrasonography, computed tomography (CT), magnetic reso- 

nance imaging (MRI), positron emission tomography (PET)/ 

CT, and PET/MRI, can be used for non-invasive evaluation of 

liver metastases. 

Aim of Study: This study aims to provide a comprehen- 

sive analysis of imaging results of liver metastases, focusing 

on the unique benefits and possible drawbacks of each imaging 

method. The significance of different imaging techniques for 

treatment, monitoring, and evaluation of liver metastases is also 

evaluated. 

Methods: The study involves a review and analysis of 

existing literature on imaging techniques for liver metastases. 

Imaging methods such as ultrasonography, CT, MRI, PET/CT, 

and PET/MRI are examined, and their strengths and limitations 

are discussed. 

Results: Both CT and MRI are considered suitable im- 

aging techniques for detecting early liver lesions, monitoring 

progression, and assessing treatment effectiveness. Multipara- 

metric MRI, in particular, has shown significant advancements 

in recent years, offering improved hardware, software, and spe- 

cialized contrast agents. MRI has demonstrated superior perfor- 

mance in detecting small-sized metastases and cases of hepatic 

steatosis. However, despite the higher sensitivity of MRI, CT 

remains the preferred approach for imaging liver metastases. 

Conclusion: CT and MRI are the primary imaging methods 

for liver metastases, with each having its advantages and limi- 

tations. While MRI has shown promising results, CT continues 

to be the preferred choice due to factors such as cost-effective- 

ness. Further research and discussions are necessary to address 

the economic implications of using CT instead of MRI for liver 

metastasis imaging. 
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Introduction 

THE liver is often affected by metastatic illness. 
Secondary lesions are far more prevalent than initial 
liver tumors, with a frequency that is about 18-40 
times higher [1,2]. The most common causes of liver 
metastases are colorectal carcinoma (40%), stom- 
ach cancer (20%), pancreatic cancer (20%), lung 
cancer (10%), and breast cancer (10%) [3]. Less 
common primary malignancies include neuroendo- 
crine tumors (NETs), gastrointestinal stromal tum- 
ors (GISTs), and renal cell carcinomas [3]. 

The range of possible presentations is extensive. 
Liver metastases often appear as several and distinct 
lesions, however they may also be solitary or, less 
often, appear as merged masses [4]. Colon cancer 
is most often linked with the single mass style of 
presentation. Occasionally, breast cancer metastases 
may spread extensively throughout the liver, resem- 
bling cirrhosis, especially after chemotherapy. 

Typically, solid liver metastases get their blood 
supply via arteries, which allows them to be cate- 
gorized as either hypovascular or hypervascular [1]. 
The primary category of hypovascular metastases 
include colorectal cancer (CRC), gastric cancer, 
breast cancer, and lung cancer [5]. In contrast, hy- 
pervascular liver metastases are often seen in renal 
cell carcinoma, particularly the clear-cell variety, as 
well as in NETs, melanoma, thyroid carcinoma, and 
GISTs. Breast cancer liver metastases may exhib- 
it both hypovascular and hypervascular character- 
istics. In addition, liver metastases may be cystic, 
originating from cystic primary tumors, such as 
ovarian carcinoma or mucinous cystadenocarcino- 
ma of the gastrointestinal tract and pancreas. These 
may also occur as a result of GIST, leiomyosarco- 
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ma, malignant melanoma, carcinoid, and pheochro- 
mocytoma [1]. Calcification may occur in mucinous 
adenocarcinomas originating from the gastrointes- 
tinal tract or the ovaries, as well as in breast, lung, 
renal, and medullary thyroid carcinoma [6,7]. 

Imaging plays a crucial role in the identifica- 
tion, description, and precise localization of metas- 
tases in patients with stage IV illness, particularly 
in the context of oncologic liver resection or local 
ablation. Selected individuals with oligometastat- 
ic illness undergo surgery and other interventional 
radiologic procedures. Stage IV colorectal cancer 
(CRC) is characterized by the presence of distant 
metastasis, which may be limited to a single organ 
or location (stage IVa) or might include several or- 
gans or sites, as well as the peritoneum (stage IVb). 
The last decade has witnessed a paradigm change in 
stage IV or metastatic CRC (mCRC) care, resulting 
to a dramatic improvement in overall survival for 
these patients, from less than 6 mo to over 2 years 
[6]. The success of treating individuals with oligo- 
metastatic liver disease may be largely attributed to 
the greater use of hepatectomy, the advancement of 
chemotherapy regimens, and the discovery of nov- 
el molecular targets and their inhibitors. Imaging is 
crucial in evaluating patients with mCRC as it aids 
in quantifying the quantity and locations of metasta- 
ses, determining whether surgery is possible, evalu- 
ating the effectiveness of systemic and liver-direct- 
ed treatments, and detecting medication side effects 
and disease relapses. 

Aim of work: 

This study seeks to provide a concise overview 
of each imaging technology and thereafter analyze 
their effectiveness in detecting, characterizing, di- 
agnosing, and evaluating treatment response for liv- 
er metastases. 

 

Medical Imaging Techniques 

Ultrasonography: 

Ultrasonography (US) is a secure, easily avail- 
able, and cost-effective method. However, there 
are significant limitations associated with this tech- 
nique, such as reliance on the operator’s experience, 
the patient’s body structure, their level of coopera- 
tion, and the presence of intestinal gas interposition 
[8]. The decreased effectiveness of this method may 
also be attributed to its restricted spatial resolution, 
which may result in the failure to detect tiny (<3- 
5mm), isoechoic, and deeply located metastases 
[1,8]. The usual sensitivity of ultrasound (US) in 
the United States for identifying liver metastases is 
around 69%. This sensitivity range is based on stud- 
ies that used a real gold standard, such as intraop- 
erative US or resection, with reported sensitivities 
ranging from 50% to 76% [1,9]. The sensitivity is 

likely to be reduced in individuals with lesions be- 
low the diaphragm, chronic liver disease, and severe 
fatty liver, which may be caused by chemotherapy. 
Furthermore, the uncertainty in segmental localiza- 
tion results in a deficiency in the ability to repro- 
duce findings, in contrast to computed tomography 
(CT) and magnetic resonance imaging (MRI). 

Metastases on ultrasonography have a varied 
appearance, however the majority have a spherical 
shape with either sharp or smooth edges. The echo- 
genicity of the shown objects varies, with some be- 
ing hypoechoic, some being isoechoic, and others 
being hyperechoic compared to the surrounding pa- 
renchyma. The hypoechoic pattern is the most often 
seen, accounting for 65% of cases [7]. Occasionally, 
a hypoechoic halo is seen in around 40% of cases, 
particularly when the lesion appears iso- or hyper- 
echoic (Fig. 1) [7]. Hepatic metastases of colorectal 
cancer (CRC) are usually well defined, solid, and 
show as dark areas with reduced echoes on Doppler 
ultrasonography. They also tend to have a decreased 
blood supply and may sometimes exhibit a peripher- 
al halo, resembling a “target” or “bulls-eye” pattern. 
The wide range of appearances makes it challenging 
to differentiate between benign and malignant tum- 
ors, resulting in decreased specificity [8]. 

CEUS has raised the sensitivity in detecting liv- 
er metastases. A research conducted by Kong et al., 
[10] examined 240 patients with liver metastases and 
found that the most prevalent pattern on contrast-en- 
hanced ultrasound (CEUS) was diffuse homogene- 
ous hyperenhancement followed by fast washout, 
with a prevalence of 55.4% and 96.2% respectively. 

Regarding CEUS, there are conflicting findings, 
mostly due to variations in operator proficiency and 
other technical variables. Bernatik et al., [11] dis- 
covered that CEUS accurately identified 97% of the 
lesions that were diagnosed by CT [8,11]. Piscaglia 
et al., [12] analyzed a cohort of 109 individuals diag- 
nosed with colorectal and stomach cancer. The study 
shown that Contrast-Enhanced Ultrasound (CEUS) 
significantly enhances the accuracy of detecting 
liver metastases, with a sensitivity of 95.4%, com- 
pared to conventional Ultrasound (US) at 76.9% and 
Computed Tomography (CT) at 90.8% [12]. Canti- 
sani et al., [8,13] shown that the use of contrast-en- 
hanced ultrasound (CEUS) significantly increased 
the sensitivity of ultrasound (US) from a range of 
67.4%-71.6% to a range of 93.4%-95.8%. However, 
Vialle et al., [14] found that the sensitivity of CEUS 
in identifying hepatic metastases from colorectal 
cancer was lower compared to CT (CEUS 64.5% 
vs CT 80.4%). Furthermore, due to the presence of 
many lesions in metastatic liver disease, evaluating 
each lesion would require administering repeated 
doses of ultrasonography contrast agent [7]. 
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Fig. (1): Ultrasound pictures showing the varying levels of brightness in liver metastases. 

 

The accuracy of hepatic lesion identification 
may vary depending on the ultrasound mode used. 
The evaluation of liver metastases using two-dimen- 
sional (2D) CEUS is limited due to its susceptibility 
to sampling mistakes, such as capturing the image 
of just one part and variations in perfusion across 
different planes. In contrast, three-dimensional (3D) 
CEUS imaging systems have the capability to 
capture the whole tumor, provide spatial details, 
and generate volumetric pictures. El Kaffas et al., 
[15] demonstrated that 3D dynamic CEUS outper- 
forms 2D dynamic CEUS imaging by minimizing 
sampling errors caused by variations in tumor per- 
fusion. Previous research has shown that there are 
no notable disparities in sensitivity between the two 
approaches [16]. However, the 3D CEUS enhances 
the visualization of the feeding arteries, perhaps 
aiding in the treatment of hypervascular liver me- 
tastases [16]. 

Computed Tomography: 

Advancements in cross-section imaging meth- 
ods, such as CT and positron emission tomography 
(PET)/CT, have significantly improved the early and 
precise identification of liver metastasis [17]. Multi- 
detector CT is a dependable method for identifying 
liver metastases and assessing the stage before sur- 
gery. It enables the collection of volumetric data and 
the creation of high-quality pictures in many planes. 
Additionally, it allows for the computation of liver 
volume and the generation of 3D models to aid in 
preoperative planning for tumor removal [3]. Com- 

puted tomography (CT) is a rapid and easily acces- 
sible imaging technique that provides high-quality 
images of the liver as well as the whole abdomen 
and chest. Additionally, CT may accurately detect 
diseases outside of the liver. The CT scan has a 
specificity of 77.3% and a sensitivity of up to 73.5% 
in detecting liver metastases [19]. 

Liver metastases often manifest as nodules with 
lower or similar density on unenhanced CT scans. 
These nodules typically have clear boundaries, 
however their shape may vary depending on their 
size [6]. Necrosis and cystic transformation may 
be seen, manifesting as a core region with reduced 
density. In addition, liver metastases might some- 
times exhibit substantial attenuation as a result of 
hemorrhagic content [3]. 

Dynamic imaging is essential, and its concept, 
perception, and assessment are comparable across 
CT and MRI (Fig. 2). The majority of liver metas- 
tases have reduced blood supply and may be most 
effectively identified during the portal venous phase 
(PVP), which typically starts about 60-80 seconds 
after the first injection. During this stage, the liver 
tissue is stimulated to increase in size and function 
due to the primary blood supply from the portal 
vein. Hypovascular metastases are seen as lesions 
that have lower density or attenuation relative to the 
surrounding liver tissue [1]. The typical presentation 
is a peripheral rim enhancement during the late ar- 
terial phase (LAP), which gradually diminishes to- 
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wards the center during the venous phase, creating 
a “target appearance” [5,6]. However, hypervascular 
metastases show early enhancement in the liver ar- 
terial phase (LAP), as seen by contrast in the portal 
vein and lack of contrast in the hepatic veins. These 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The PVP, or portal venous phase, is often regard- 

ed as the most crucial stage due to its high sensitiv- 
ity of 91.5% in identifying hypovascular metastases 
[21]. Nevertheless, there is still ongoing discussion 
over the most advantageous number and selection of 
acquisition phases, due to the possible hazards asso- 
ciated with increased radiation exposure [1]. Honda 
et al., [22] demonstrated that the use of a liver ac- 
quisition with volume acceleration protocol (LAP) 
enhanced the capacity to identify liver metastases, 
especially in lesions measuring less than 10mm. 
Nevertheless, another research conducted by Ferlay 
et al., [23] revealed that the inclusion of the LAP and 
delayed phases did not enhance the effectiveness of 
assessing CRC liver metastases when compared to 
using just the PVP. 

Based on current data, non-contrast-enhanced 
CT (NE-CT) provides only a little additional ben- 
efit compared to contrast-enhanced CT (CE-CT) in 
detecting and characterizing hypervascular metasta- 
ses. It seems that there is no benefit in exposing one- 
self to further radiation and increasing the amount 
of pictures for interpretation that come with NE-CT 
acquisition [24]. However, NE-CT may be beneficial 
as calcifications are detected in as many as 11% of 
liver metastases on the first presentation [25,26]. 

abnormalities may diminish and become of equal 
density with the rest of the liver tissue or exhibit 
varying levels of contrast washout in the portal ve- 
nous phase (PVP) and delayed imaging sequences 
[5,6,20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
CT is often used for abdominal imaging stag- 

ing; nevertheless, it is possible for liver metastases 
to go undetected. The CT detection rate of lesions 
reduces as their diameter decreases. Lesions meas- 
uring 10-20mm have an estimated detection rate of 
72%, whereas lesions smaller than 10mm have a 
detection rate of 16% [19]. Benoist et al., [27] shown 
that the incidence of undetected liver lesions dur- 
ing chemotherapy might reach up to 83%. A recent 
research found that liver metastases without ade- 
quate contrast enhancement, as well as subcapsular 
lesions, were more likely to be missed in situations 
of hepatic steatosis or when the examination was 
not specifically focused on identifying malignant 
tumors [17]. 

Research has shown that capturing images at the 
precise vascular phase of contrast and with a suf- 
ficient iodine content (300-400mg/mL) is crucial 
for enhancing the capacity to identify hypoattenu- 
ating metastases [28]. Nevertheless, it is shown that 
increased contrast concentration might have det- 
rimental effects on individuals with compromised 
renal function and may result in contrast-induced 
nephropathy. Given that patients often need several 
tests and prolonged follow-up periods, it is crucial 
to evaluate the potential harm of radiation exposure, 
which is a significant drawback of CT scans. The 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Phases of enhancement that are 

characterized by constant change and 

progress. 
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availability of dual-energy CT (DE-CT) scanners is 
increasing steadily. It requires obtaining several CT 
readings with different energy spectra. DE-CT uti- 
lizes the differential attenuation of tissues and ma- 
terials at various X-ray energy to distinguish tissues 
and materials in a more advanced manner compared 
to traditional CT [29]. 

A research comparing the use of DE-CT-driven 
low-keV virtual monoenergetic imaging to conven- 
tional linearly blended pictures found that the low- 
keV images enhanced the accuracy of measuring 
the extent of colorectal cancer liver metastases and 
increased diagnostic accuracy [30]. Furthermore, 
this novel approach enhances the precision of CT 
scans in distinguishing between liver abscesses and 
liver metastases, particularly in cases with hypovas- 
cular metastases, which is a frequently encountered 
clinical challenge. This approach has the potential 
to enhance the visibility of both hypervascular and 
hypovascular liver lesions, hence boosting the ac- 
curacy of CT scans in identifying metastases, par- 
ticularly in situations where there is also hepatic 
steatosis [31]. 

Magnetic resonance imaging (MRI): 

Multiparametric MRI is often used as a diagnos- 
tic method to address issues related to the assess- 
ment of liver abnormalities. Over the last decade, 
MRI has seen significant advancements, including 
improvements in both technology and software, as 
well as the introduction of particular intravenous 
contrast agents [3]. Technological advancements 
have the potential to enhance the quality of imag- 
ing in patients who are uncooperative, which is a 
major obstacle in MRI. Hence, while evaluating the 
efficacy of this imaging technology, it is crucial to 
take into account the latest advancements in the area 
of MRI and give preference to the most current re- 
search. 

MRI enables the assessment of anatomical and 
morphological characteristics, as well as the vis- 
ualization of functional processes. The ability to 
identify hepatic metastases is roughly 87% and has 
improved with the use of diffusion-weighted imag- 
ing (WI) and hepatocyte-specific contrast agents, 
achieving a sensitivity of 95% [21,26]. This technol- 
ogy greatly enhances the diagnostic effectiveness 
and precision in the approach to liver metastases. 
Multiple studies have shown that CT scans are less 
effective than other methods, particularly when it 
comes to identifying tiny liver lesions [32,33]. 

In contrast to computed tomography (CT), mag- 
netic resonance imaging (MRI) relies on non-en- 
hanced sequences to effectively identify and char- 
acterize liver metastases. Metastases often seem 
darker to the same intensity on T1-weighted imag- 
ing sequences and somewhat brighter on T2-weight- 
ed imaging [1]. Nevertheless, some liver metastases, 
particularly those originating from NETs and sar- 

comas, could have a modestly elevated signal on 
T2-weighted imaging (T2-WI). Furthermore, cyst- 
ic and necrotic metastases originating from ovari- 
an tumors, NETs, melanoma, and sarcomas might 
exhibit a significant increase in T2 signal strength, 
ranging from mild to marked [3]. In certain cases, 
liver metastases may exhibit intralesional bleeding, 
fat, or glycogen deposition, causing them to look 
hyperintense on T1-weighted images. Furthermore, 
it is worth noting that melanoma and mucinous ad- 
enocarcinoma metastases provide a strong signal 
on T1-weighted images as a result of their elevated 
melanocytic and mucin composition, respectively. 
At times, they may be seen as a target indication 
on T2-WI sequences, with a bright center indicating 
necrosis surrounded by a less intense ring of live 
tumor. The doughnut sign refers to the presence of 
a hypointense rim encircling a core of even lower 
signal intensity on T1-weighted images [1,6]. 

Diffusion-weighted imaging (DWI)-MRI en- 
ables the examination of the cellularity of lesions 
by using the movement of water molecules. Tissues 
that have a large number of cells, such as tumors, 
fibrosis, abscesses, and cytotoxic edema, have limit- 
ed diffusion [1]. The quantification of diffusion may 
be done using the apparent diffusion coefficient 
(ADC), where low ADC values indicate limitation. 
The reported range of ADC values is 0.94-2.87. 
However, there is a possibility of overlap between 
the ADC values of primary malignant hepatocellular 
lesions, such as hepatocellular carcinoma, and be- 
nign hepatic lesions [34]. In clinical practice, the as- 
sessment of DWI depends on subjective perception. 
DWI may have drawbacks because of its naturally 
limited ability to accurately depict spatial details, 
its low ratio of signal strength to background noise, 
and its tendency to produce artifacts, particularly 
when imaging lesions located behind the liver cap- 
sule or below the diaphragm. Kim et al., [35] found 
that DWI has a better sensitivity than CT (79% vs 
50%) in detecting tiny liver metastases (<1cm). Ad- 
ditional research has shown that diffusion-weighted 
imaging (DWI) is more responsive than unenhanced 
T2-weighted imaging (T2-WI), with sensitivity 
rates of 88%-91% compared to 45%-62%. This dis- 
parity becomes even more pronounced when focus- 
ing just on tiny metastases, with rates of 85% for 
DWI against 35% for T2-WI [36,37]. 

In order to accurately characterize liver me- 
tastases, it is essential to integrate both pre- and 
post-contrast sequences, as previously stated. Once 
the extracellular gadolinium-based contrast agent 
(GBCA) enters the liver via the portal vein and he- 
patic artery, it is disseminated throughout the extra- 
cellular interstitial space [1]. The intended outcome 
is to improve the visibility of tissues on T1-weight- 
ed images (T1-WI) by reducing the T1 and T2 re- 
laxation durations of nearby hydrogen protons. The 
recommended dosage for liver imaging is 0.1 mil- 
limoles per kilogram, given as a rapid injection at a 
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rate of 2-3 milliliters per second [38]. When compar- 
ing iodine-based contrast agents used on CT scans, 
we discover that gadolinium-based contrast agents 
(GBCAs) have a higher sensitivity and a larger abil- 
ity to enhance the image. GBCAs are deemed safe 
due to their lack of nephrotoxicity at approved dos- 
ages and lower incidence of acute responses com- 
pared to iodinated contrast agents. While some in- 
stitutions may still choose not to administer GBCAs 
to patients with renal impairment, it is important to 
note that class II contrast agents are seldom linked 
to nephrogenic systemic fibrosis. It is necessary to 
do a risk-benefit analysis for each individual [39,40]. 

In addition to chemotherapy, ablative treat- 
ments such as microwave ablation, transarterial 
chemoembolization, and radioembolization result 
in a low-density lesion on CT scans and a high T1 
signal / low T2 signal on MRI scans owing to coag- 
ulative necrosis [3]. Over time, these patches have 
a tendency to gradually decrease in size. The pres- 
ence of a prominent thick linear peripheral enhance- 
ment encircling the lesion or nodular enhancement 
may indicate the likelihood of recurrence. Partial re- 
sponse is indicated by a reduction in enhancement, 
whereas a full response or effective embolization is 
characterized by the lack of enhancement on CT/ 
MRI and a low T2 signal [3]. 

Conclusion: 

The liver is often affected by metastatic illness. 
CT and MRI are now the most effective diagnostic 
modalities for determining therapeutic response and 
follow-up. Research has shown that MRI is essen- 
tial and has a greater ability to detect and assess liv- 
er metastases. Thus, it is potentially the optimal im- 
aging modality for treatment planning before to and 
during neoadjuvant chemotherapy, and is widely 
regarded as the superior approach for detection and 
monitoring in several academic medical centers. 
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