Radiology

Baishideng Publishing Group Inc



/e World Journal of
Radiology

Contents Monthly Volume 16 Number 6 June 28, 2024

REVIEW

139 Imaging features and management of focal liver lesions
Kahraman G, Haberal KM, Dilek ON

168 Navigating nephrotoxic waters: A comprehensive overview of contrast-induced acute kidney injury
prevention
Theofilis P, Kalaitzidis R
MINIREVIEWS

184 Practical approach to linear endoscopic ultrasound examination of the gallbladder
Okasha HH, Gadour E, Atalla H, AbdEl-Hameed OA, Ezzat R, Alzamzamy AE, Ghoneem E, Matar RA, Hassan Z, Miutescu
B, Qawasmi A, Pawlak KM, Elmeligui A
ORIGINAL ARTICLE
Retrospective Study

196 Prediction of hepatic artery occlusion after liver transplantation by ultrasound characteristics and clinical
risk factors
Lai YT, Chen Y, Fang TS, Li ZY, Zhao NB

203 Predicting distant metastasis in nasopharyngeal carcinoma using gradient boosting tree model based on
detailed magnetic resonance imaging reports
Zhu YL, Deng XL, Zhang XC, Tian L, Cui CY, Lei F, Xu GQ, Li HJ, Liu LZ, Ma HL

211 Comparison between solid pseudopapillary neoplasms of the pancreas and pancreatic ductal adenocar-
cinoma with cystic changes using computed tomography
Ren S, Qian LC, Lv XJ, Cao YY, Daniels MJ, Wang ZQ, Song LN, Tian Y
Observational Study

221 Renal resistive index measurements by ultrasound in patients with liver cirrhosis: Magnitude and associ-
ations with renal dysfunction
Surya H, Kumar R, Priyadarshi RN, Surya Prakash S, Kumar S
CASE REPORT

232 Multisystemic recurrent Langerhans cell histiocytosis misdiagnosed with chronic inflammation at the first
diagnosis: A case report
Zhang ZR, Chen F, Chen HJ

uisnidenge VIR | https:/ /www.wijgnet.com I June 28,2024 | Volume16 | Issue6



World Journal of Radiology

Contents

Monthly Volume 16 Number 6 June 28, 2024

ABOUT COVER

Editorial Board Member of World Journal of Radiology, Xian-Li Lv, MD, Associate Professor, Department of
Neurosurgery, Beijing Tsinghua Changgung Hospital, School of Clinical Medicine, Tsinghua University, Beijing,
China. lvxianli000@163.com

AIMS AND SCOPE

The primary aim of World Journal of Radiology (WJR, World | Radiol) is to provide scholars and readers from various
fields of radiology with a platform to publish high-quality basic and clinical research articles and communicate
their research findings online.

WIR mainly publishes articles reporting research results and findings obtained in the field of radiology and
covering a wide range of topics including state of the art information on cardiopulmonary imaging, gastrointestinal
imaging, genitourinary imaging, musculoskeletal imaging, neuroradiology/head and neck imaging, nuclear
medicine and molecular imaging, pediatric imaging, vascular and interventional radiology, and women's imaging.

INDEXING/ABSTRACTING

The WJR is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), Reference Citation Analysis, China Science and Technology Journal Database, and Superstar Journals
Database. The 2024 Edition of Journal Citation Reports® cites the 2023 journal impact factor (JIF) for WJR as 1.4; JIF
without journal self cites: 1.4; 5-year JIF: 1.8; JIF Rank: 132/204 in radiology, nuclear medicine and medical
imaging; JIF Quartile: Q3; and 5-year JIF Quartile: Q3.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Xin-Xin Che; Production Department Director: Xu Guo, Cover Editor: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Radiology https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1949-8470 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
January 31, 2009 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Thomas J Vogl https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/1949-8470/ editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
June 28, 2024 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com https://www.wjgnet.com

63%9@ WJR | https://www.wjgnet.com 11 June 28,2024 | Volume16 | Issue6


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1949-8470/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:office@baishideng.com
https://www.wjgnet.com

K

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4329/ wjr.v16.i6.139

World Journal of
Radiology

World | Radiol 2024 June 28; 16(6): 139-167

ISSN 1949-8470 (online)

REVIEW

Imaging features and management of focal liver lesions

Gokhan Kahraman, Kemal Murat Haberal, Osman Nuri Dilek

Specialty type: Radiology, nuclear
medicine and medical imaging

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade B
Novelty: Grade B

Creativity or Innovation: Grade B
Scientific Significance: Grade B

P-Reviewer: El-Shabrawi MHF,
Egypt

Received: March 11, 2024
Revised: April 28, 2024

Accepted: May 22, 2024
Published online: June 28, 2024
Processing time: 107 Days and 4.1
Hours

Beienideng> VIR | https://www.wjgnet.com 139

Goékhan Kahraman, Department of Radiology, Suluova State Hospital, Amasya 05500, Tiirkiye

Kemal Murat Haberal, Department of Radiology, Baskent University Faculty of Medicine,
Ankara 06490, Tiirkiye

Osman Nuri Dilek, Department of Surgery, izmir Katip Celebi University, School of Medicine,
[zmir 35150, Tiirkiye

Corresponding author: Gokhan Kahraman, MD, Chief, Department of Radiology, Suluova State
Hospital, Maarif, Yunus Emre St No. 1, Amasya 05500, Tiirkiye.
gokhankahraman1@outlook.com

Abstract

Notably, the number of incidentally detected focal liver lesions (FLLs) has increa-
sed dramatically in recent years due to the increased use of radiological imaging.
The diagnosis of FLLs can be made through a well-documented medical history,
physical examination, laboratory tests, and appropriate imaging methods.
Although benign FLLs are more common than malignant ones in adults, even in
patients with primary malignancy, accurate diagnosis of incidental FLLs is of
utmost clinical significance. In clinical practice, FLLs are frequently evaluated
non-invasively using ultrasound (US), computed tomography (CT), and magnetic
resonance imaging (MRI). Although US is a cost-effective and widely used
imaging method, its diagnostic specificity and sensitivity for FLL characterization
are limited. FLLs are primarily characterized by obtaining enhancement patterns
through dynamic contrast-enhanced CT and MRI. MRI is a problem-solving
method with high specificity and sensitivity, commonly used for the evaluation of
FLLs that cannot be characterized by US or CT. Recent technical advancements in
MRI, along with the use of hepatobiliary-specific MRI contrast agents, have
significantly improved the success of FLL characterization and reduced unnece-
ssary biopsies. The American College of Radiology (ACR) appropriateness criteria
are evidence-based recommendations intended to assist clinicians in selecting the
optimal imaging or treatment option for their patients. ACR Appropriateness
Criteria Liver Lesion-Initial Characterization guideline provides recommend-
ations for the imaging methods that should be used for the characterization of
incidentally detected FLLs in various clinical scenarios. The American College of
Gastroenterology (ACG) Clinical Guideline offers evidence-based recommend-
ations for both the diagnosis and management of FLL. American Association for
the Study of Liver Diseases (AASLD) Practice Guidance provides an approach to
the diagnosis and management of patients with hepatocellular carcinoma. In this
article, FLLs are reviewed with a comprehensive analysis of ACR Appropri-
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ateness Criteria, ACG Clinical Guideline, AASLD Practice Guidance, and current medical literature from peer-
reviewed journals. The article includes a discussion of imaging methods used for the assessment of FLL, current
recommended imaging techniques, innovations in liver imaging, contrast agents, imaging features of common
nonmetastatic benign and malignant FLL, as well as current management recommendations.

Key Words: Focal liver lesions; Imaging; Ultrasonography; Computed tomography; Magnetic resonance imaging; Management
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Core Tip: The incidence of incidentally detected focal liver lesions (FLL) has risen significantly due to increased radiological
imaging use. While benign FLLs are more common, even in patients with primary malignancy, accurate diagnosis is
clinically significant. Non-invasive evaluation, such as ultrasound, computed tomography, and magnetic resonance imaging
(MRI), is common in clinical practice. MRI, particularly with hepatobiliary-specific contrast agents, has enhanced FLL
characterization, reducing unnecessary biopsies. Guidelines from the American College of Radiology, American College of
Gastroenterology, and American Association for the Study of Liver Diseases offer evidence-based recommendations for
optimal imaging and management. This article provides a comprehensive review of FLL, covering imaging methods, current
techniques and modalities, innovations in imaging, contrast agents, features of nonmetastatic benign and malignant FLLs,
and current management recommendations.
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DOI: https://dx.doi.org/10.4329/wjr.v16.i6.139

INTRODUCTION

The number of incidental liver lesions detected in asymptomatic patients has significantly increased as a result of the
increased use of imaging modalities[1]. Focal liver lesions (FLLs) are solid or cystic masses found in the liver, as well as
abnormal findings that can be distinguished from normal liver tissue. Therefore, the term "lesion" is preferred over
"mass" as it describes a broader range of abnormalities.

Most of the FLLs detected in non-cirrhotic livers are benign, even in patients with primary malignancies[2]. Managing
incidental FLLs, a common encounter for clinicians can be challenging. Even though the likelihood of them being benign
is higher, the accurate diagnosis and management of incidental FLLs hold significant clinical importance.

The accurate diagnosis of FLL is established through a well-documented, detailed medical history, physical exami-
nation, and radiological imaging. The evaluation of a FLL should begin with obtaining a detailed medical history. Factors
such as history of malignancy and renal function status that may affect the choice of imaging should be questioned, as
well as conditions that may help in the characterization of FLL. For instance, in patients with chronic liver disease, consid-
eration should be given to excluding hepatocellular carcinoma (HCC), while in patients using oral contraceptive pills
(OCP), hepatocellular adenoma (HCA) should be considered. Physical examination and appropriate blood tests such as
alpha-fetoprotein (AFP), cancer antigen 19-9, and complete blood count are important components that complement the
diagnosis.

In recent years, advances in imaging modalities have made radiological imaging sufficient for the characterization of
most FLLs, eliminating the need for biopsy in many cases. The liver is primarily evaluated noninvasively using
ultrasound (US), computed tomography (CT), and magnetic resonance imaging (MRI). Although US is often used as the
initial imaging method in many patients due to its non-ionizing nature, easy accessibility, and cost-effectiveness, its
sensitivity and specificity for FLL characterization are limited compared to CT and MRI[3].

Standardization of liver imaging is essential for diagnosis. Imaging performed with the appropriate technique helps
not only to provide lesion characterization but also to accurately evaluate the size, localization, and relationship of the
lesion with surrounding anatomical structures. Contrast enhancement patterns of the lesions are highly important in the
diagnosis of FLL. Therefore, CT and MRI studies of patients with both normal liver and chronic liver disease require at
least two dynamic imaging phases, including the arterial and portal venous phases[4,5].

In FLL characterization, alongside technological advancements in imaging modalities, the contribution of new contrast
agents is significant. Extracellular gadolinium MRI contrast agents are frequently used and aid in lesion characterization
with dynamic postcontrast imaging. Hepatobiliary-specific contrast agents (HSCA) are absorbed by hepatocytes, aiding
in the differentiation of hepatocellular lesions from non-hepatocellular ones. Gadoxetate disodium and gadobenate
dimeglumine are among the available hepatobiliary contrast agents[6]. One of the emerging imaging modalities is
contrast-enhanced US (CEUS). It has the potential to be useful in FLL characterization[7].

Despite the significant improvement in diagnostic accuracy due to technological advancements in imaging methods,
biopsy should be performed for FLLs that cannot be characterized radiologically. Core biopsy is preferred over fine-
needle aspiration in FLL biopsy because it allows both architectural and cytological evaluation[8].

Buissdenge IR | hittps://www.wjgnet.com 140 June 28,2024 | Volume16 | Issue6 |


https://www.wjgnet.com/1949-8470/full/v16/i6/139.htm
https://dx.doi.org/10.4329/wjr.v16.i6.139

Kahraman G et al. Focal liver lesions

For the approach, characterization, and management of FLLs, many studies and guidelines are available. American
College of Radiology (ACR) appropriateness criteria are evidence-based recommendations intended to assist clinicians in
selecting the optimal imaging or treatment option for their patients. ACR Appropriateness Criteria Liver Lesion-Initial
Characterization guideline provides recommen-dations for the imaging methods that should be used for the character-
ization of incidentally detected FLLs in various clinical scenarios[9]. American College of Gastroenterology (ACG)
Clinical Guideline offers evidence-based recommendations for both the diagnosis and management of FLL[10]. American
Association for the Study of Liver Diseases (AASLD) Practice Guidance provides recommendations on the prevention,
diagnosis, and treatment of HCC[11].

In this article, FLLs are reviewed with a comprehensive analysis of ACR Appropriateness Criteria, ACG Clinical
Guideline, AASLD Practice Guidance; and current medical literature from peer-reviewed journals. The article includes a
discussion of the approach to FLL imaging methods used for the assessment of FLL, current imaging techniques, and
protocols, innovations in liver imaging, contrast agents, and imaging features of common nonmetastatic benign and
malignant FLL, as well as current management recommendations.

LITERATURE SEARCH

A comprehensive literature search was conducted using the following search terms in the MEDLINE/PubMed and Web
of Science databases: "Hepatic/liver lesion," "hepatic/liver mass," "hepatic/liver tumor," "hepatic/liver cancer," "hepatic
hemangioma," "focal nodular hyperplasia," "hepatocellular adenoma," "hepatic cyst," "polycystic liver disease," "hepatic
hydatid cyst," "mucinous cystic neoplasm of the liver," "hepatic cystadenoma," "hepatic cystadenocarcinoma," "cholan-
giocarcinoma," and "hepatocellular carcinoma." The research was limited to articles written in English. The literature from
peer-reviewed journals was examined in accordance with the purpose of this review, and the most relevant and
informative articles focusing on the diagnosis and management of FLLs were included.

IMAGING MODALITIES AND PROTOCOLS

US, CT, and MRI are the primary imaging modalities for FLL evaluation. US is a non-ionizing, easily accessible, and cost-
effective imaging modality used as a surveillance method in patients with chronic liver disease. The disadvantages of the
US include its operator-dependency, the presence of conditions that may limit imaging quality, such as obesity, and its
limited sensitivity and specificity compared to other modalities.

Multiphase CT and MRI play a crucial role in FLL characterization. In multiphase imaging, liver images are obtained in
a series at specific time intervals following the administration of intravenous (IV) contrast. As a result, it is possible to
obtain the FLL contrast enhancement pattern, which enables lesion characterization. Both patients with normal liver and
those with chronic liver disease should have at least two dynamic imaging phases, including the arterial and the portal
venous phases, in their CT and MRI studies[4,5].

Non-contrast (pre-contrast) images obtained before IV contrast administration are used to compare with contrast-
enhanced images to evaluate whether the FLL is enhanced or not. Moreover, the diagnosis of features like calcification
and macroscopic fat content can be easily established with non-contrast CT imaging. Without non-contrast MRI images,
T1 hyperintense lesions, such as those containing blood elements or proteinaceous fluids, may mistakenly give the
impression that FLL is enhanced. Late arterial phase images are obtained 35-45 seconds after IV contrast injection[6]. In
this phase, the hepatic artery is significantly enhanced, while the portal vein is in the early enhancement stage. There
should be little to no contrast enhancement in the liver parenchyma. The importance of this phase is to detect
hypervascular tumors such as HCC, and neuroendocrine tumor metastases[12]. Portal venous phase images are obtained
60-75 seconds after IV contrast injection[6]. All hepatic vascular structures and the parenchyma should be enhanced in
this phase[13]. This phase aids in detecting hypovascular lesions, such as many metastases, and in evaluating character-
istics like washout, which is a feature of tumors like HCC[6,12]. Delayed phase images, when extracellular contrast agents
are used (for both CT and MRI), are obtained approximately 2-5 minutes after IV contrast injection[6]. This phase is used
for detecting slowly enhancing and fibrous lesions like cholangiocarcinoma (CCA) and confluent fibrosis, as well as for
evaluating washout[6,14]. The hepatobiliary phase is of great diagnostic value, which is discussed in more detail in the
contrast agents section.

Liver Imaging Reporting and Data System (LI-RADS) is a system that guides the management of liver lesions detected
in high-risk patients by stratifying HCC risks using a uniform lexicon[4]. LI-RADS technical recommendations for CT and
MRI are summarized in Table 1[4,6].

INNOVATIONS IN LIVER IMAGING

Accurate diagnosis of FLLs is crucial to improve patient outcomes, and imaging plays a significant role in this process.
Over the past few years, notable progress has been made in the field of liver imaging, marked by the emergence of novel
technologies and methods that enhance sensitivity and specificity. While these advancements are not yet widely
applicable in routine clinical practice, they hold promise for liver imaging.
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Table 1 Technical considerations for computed tomography and magnetic resonance imaging

cT MRI

Recommended Multidetector CT with minimum of 8 detector 1.5 Tesla or 3 Tesla

equipment rows
<5 mm axial reconstructed slice thickness Phased array multichannel torso coil
Dual-chamber injector with a saline flush Current-generation high-speed gradients

Dual-chamber power injector

Contrast injection >3 mL/s of contrast, > 300 mg iodine/mL 2-3 mL/s of gadolinium chelate

e 1.5 mL/kg of body weight

Required images Arterial phase (late arterial phase strongly Unenhanced T1-weighted in phase and opposed phase imaging
preferred over early arterial phase)
Portal venous phase T2-weighted imaging (fat suppression optional)
Delayed phase All contrast agents: Multiphase T1-weighted imaging, preferably using a

three dimensional sequence with <5 mm slice thickness

Pre-contrast imaging

Arterial phase (late arterial phase strongly preferred over early arterial phase)
Portal venous phase

MRI with extracellular contrast agents or gadobenate dimeglumine

Delayed phase (2 to 5 minutes after injection)

MRI with gadoxetate disodium

Transitional phase (2 to 5 minutes after injection)

Hepatobiliary phase (about 20 minutes after injection)

Suggested images Pre-contrast, for initial diagnosis and patients Multi-planar acquisition
treated with local-regional therapy

Multi-planar reformations Subtraction imaging
Thinner slices with section thickness <3 mm Diffusion-weighted imaging
1-3 hours hepatobiliary phase with gadobenate dimeglumine

Dynamic phases Bolus tracking or fixed timed delay is suggested Bolus tracking or fixed timed delay is suggested

Technical considerations for computed tomography and magnetic resonance imaging[4,6,10]. CT: Computed tomography; LI-RADS: Liver imaging

reporting and data system; MRI: Magnetic resonance imaging.

CEUS is a diagnostic technique that offers higher sensitivity and specificity in the detection and characterization of
liver lesions compared to conventional grayscale US. Contrast enhancement patterns of liver lesions are evaluated using
microbubble contrast agents. CEUS can be safely used in patients with renal disease for whom the use of contrast agents
in CT and/or MRI is contraindicated. There is no need for pre-evaluation of renal function with blood tests before CEUS
[15].

In recent years, advancements in CT technology have led to improved image quality, enabling the acquisition of
multiplanar images with lower radiation doses and contrast agents[16]. Dual-energy CT (DECT) is a novel CT technique
that utilizes two separate X-ray energy spectra, a high-energy spectrum at around 140 kV and a lower-energy spectrum at
80 or 100 kV. DECT can detect substances based on their different attenuation at various X-ray energy spectra. DECT has
been demonstrated as a technique that reduces artifacts, enhances lesion detection, and improves the characterization of
lesions in liver imaging[17]. Photon counting detector CT (PCD-CT) is one of the new CT techniques with detectors that
sort photons based on their energies. Its small detectors enable the production of images with minimal artifacts, high
spatial resolution, and lower radiation dose. PCD-CT has the potential to detect and accurately diagnose FLLs at low
radiation doses[18].

Magnetic resonance elastography (MRE) is a technique that quantifies the stiffness of tissues. It has a wide range of
applications for various types of tumors.

MRE, being highly effective in distinguishing normal liver parenchyma from liver fibrosis, contributes to the
assessment of cirrhosis, the most significant risk factor for the development of HCC. At the same time, it can provide an
accurate diagnosis of focal nodular hyperplasia (FNH) and liver malignancies[19]. Magnetic resonance spectroscopy
(MRS) is a technique with many clinical applications that assesses the concentrations of various metabolites based on the
chemical shift phenomenon. MRS can be used in conjunction with other sequences for the detection and characterization
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of liver tumors[20]. Diffusion-weighted imaging (DWI) is a method that measures the diffusion (Brownian motion) of
water molecules within a tissue voxel. DWI can be used to distinguish benign from malignant liver tumors and evaluate
treatment response. The combination of DWI and contrast-enhanced T1-weighted imaging enables the high-sensitivity
diagnosis of malignant liver lesions[21].

In the primary diagnosis of liver tumors, especially in well-differentiated HCC patients, fluorodeoxyglucose positron
emission tomography (FDG PET)/CT has low sensitivity. To overcome this issue, several radiolabeled fibroblast
activation protein inhibitor (FAPI) tracers are being tested in the diagnosis of HCC. Ga-FAPI PET/CT, with a sensitivity
similar to contrast-enhanced CT and MRI in detecting primary hepatic tumors, exhibits significantly higher sensitivity
than FDG PET/CT[22].

Optical imaging is an imaging technique that uses light to create detailed images of various materials. In the medical
field, images are created through the interaction of light with materials such as cells and tissues[23]. It has been
demonstrated that optical imaging can aid in achieving maximal tumor resection in liver tumor surgery by distinguishing
normal liver tissue from the tumor at the microscopic level[24,25]. Although it is not widely used due to its limited tissue
penetration, it has the potential to improve the diagnosis of FLL.

Early and accurate detection of cancer significantly improves the likelihood of successful treatment across various
types of tumors. This involves screening individuals at risk without symptoms and promptly investigating those with
symptoms. Artificial intelligence (AI) has the potential to enhance early cancer diagnosis. The medical use of Al has
become increasingly popular in recent years. Al can recognize specific lesion patterns by analyzing medical images,
thereby improving diagnostic accuracy, and reducing workload. In CT imaging, one of the primary methods for detecting
pancreatic cancer, about 40% of tumors smaller than 2 cm may be missed. Al has enabled the accurate differentiation of
pancreatic cancers smaller than 2 cm from normal pancreatic tissue in CT scans with acceptable sensitivity[26]. A
randomized trial comparing Al-assisted mammography screening to standard double reading demonstrated similar
cancer detection rates and significantly reduced workload[27]. The study by Zhou et al[28] has shown that Al can
accurately detect and classify FLLs. In this study, an Al algorithm used for the diagnosis of FLLs in CT images evaluated
a total of 616 FLLs. The algorithm successfully distinguished FLLs as benign or malignant and additionally provided
diagnoses such as HCC, hepatic cyst, and others. The algorithm achieved an overall accuracy of 82.8%, with an 82.5%
accuracy in distinguishing between benign and malignant tumors and a 73.4% accuracy in identifying the specific type of
tumor. The authors have stated that Al has the potential to assist physicians in diagnosing FLLs in their daily clinical
practice[28]. Although there is a need for more extensive clinical studies in this field, Al could be applied as a decision-
support tool in routine clinical practice in the future[29].

CONTRAST AGENTS

MRI contrast agents contain gadolinium chelates, whereas CT contrast agents contain iodine. Conventional extracellular
MRI contrast agents and CT contrast agents are distributed into the extracellular space and provide similar information
about the contrast enhancement of lesions. In contrast to extracellular MRI contrast agents, HSCAs not only show
extracellular distribution but are also taken up by hepatocytes via hepatocyte-specific molecular transporters, providing
valuable information in lesion characterization. There are currently two HSCAs in use: Gadoxetic acid and gadobenate
dimeglumine[6].

CT contrast agents, conventional MRI contrast agents, and HSCAs all exhibit extracellular distribution, allowing for the
acquisition of arterial (35-45 seconds), portal venous (60-75 seconds), and delayed phase (2-5 minutes) images. An
additional image is obtained in the hepatobiliary phase when HSCA is used. Gadoxetic acid has approximately 50%
hepatobiliary uptake, while gadobenate dimeglumine has around 3%-5% hepatobiliary uptake. Therefore, hepatobiliary
phase images are obtained approximately 20 minutes after IV contrast administration for gadoxetic acid and 1-2 hours
after IV contrast administration for gadobenate dimeglumine. In the hepatobiliary phase, the contrast uptake in a lesion
indicates the presence of functional hepatocytes connected to functional bile ducts. Liver parenchyma and hepatocellular
lesions are enhanced in the hepatobiliary phase, whereas nonhepatocellular lesions do not show contrast enhancement.
For example, FNHs show enhancement in the hepatobiliary phase because they contain both functional hepatocytes and
bile ducts. In contrast, lesions such as hemangioma, HCA, metastases, CCA, and dedifferentiated HCC, which do not
contain functional hepatocytes, do not show contrast enhancement. HSCA can also be used to diagnose pseudo-lesions
such as focal fatty infiltration[30].

APPROACH TO FLLS

The management of liver lesions that are detected in imaging studies conducted for other purposes can be challenging.
First, it is necessary to decide which imaging will be used for further evaluation of FLL, which cannot be characterized by
the initial imaging (Figure 1). ACR Appropriateness Criteria Liver Lesion-Initial Characterization guideline provides
recommendations for the imaging methods that should be used for the characterization of incidentally detected FLLs in
various clinical scenarios[9]. Among the initial procedures performed for the first time, US, non-contrast or contrast-
enhanced CT, or non- contrast or contrast- enhanced MRI are included. In most cases, contrast-enhanced MRI is
recommended for FLL characterization. In cases where MRI cannot be performed, multiphase contrast-enhanced CT is
recommended[9]. Variants and appropriate procedures are summarized in Table 2. The approach to surveillance in
patients with chronic HBV and cirrhosis, as well as the management of liver lesions detected in these patients are
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Table 2 Variants of incidental liver lesions and recommended appropriate imaging recommended by American College of Radiology

. e : Extrahepatic Underlying chronic liver P
Variants Initial imaging Size . P . ying Appropriate imaging
malignancy disease
Variant 1 us >1cm No No US abdomen with IV contrast
MRI abdomen without and
with IV contrast
CT abdomen with IV contrast
multiphase
Variant 2 CT (non-contrast or >1cm No No MRI abdomen without and
single-phase) with IV contrast
MRI (non-contrast) CT abdomen with IV contrast
multiphase
Variant 3 us >1lcm Yes No MRI abdomen without and
with IV contrast
CT abdomen with IV contrast
multiphase
Variant 4 CT (non-contrast or >1cm Yes No MRI abdomen without and
single-phase) with IV contrast
MRI (non-contrast) CT abdomen with IV contrast
multiphase
FDG-PET/CT skull base to
mid-thigh
Variant 5 us >1cm No Yes US abdomen with IV contrast
CT (non-contrast or MRI abdomen without and
single-phase) with IV contrast
MRI (non-contrast) CT abdomen with IV contrast
multiphase
Variant 6 us <lcm Yes No MRI abdomen without and
with IV contrast
Variant 7 CT (non-contrast or <lcm Yes No MRI abdomen without and
single-phase) with IV contrast
MRI (non-contrast) CT abdomen with IV contrast
multiphase
Variant 8 us <lcm No Yes MRI abdomen without and
with IV contrast
CT (non-contrast or CT abdomen with IV contrast
single-phase) multiphase

MRI (non-contrast)

Variants of incidental liver lesions and recommended appropriate imaging recommended by American College of Radiology[9]. ACR: The American
College of Radiology; CT: Computed tomography; IV: Intravenous; MRI: Magnetic resonance imaging; US: Ultrasound; FDG-PET: Fluorodeoxyglucose
positron emission tomography.

discussed in the HCC section of the article.

A biopsy can be used to establish the definitive diagnosis of FLLs that cannot be characterized with imaging. FLLs
identified through imaging or biopsy may require follow-up (e.g., HCA) or treatment (e.g., CCA). Some FLLs, such as
simple cysts, may not need follow-up or treatment. The last step is to choose the treatment methods for FLLs that are
required to be treated (Figure 1).

Imaging features of common benign and malignant FLLs are presented in Table 3.

Hepatic hemangioma

Hepatic hemangiomas are the most common benign tumors of the liver. Hemangiomas are tumors characterized by
blood-filled spaces lined with endothelial cells, supplied by the hepatic arterial circulation. The etiology is not fully
understood but it is believed to result from the dilatation of normally developed blood vessels. The increase in
hemangioma size is thought to be due to progressive dilatation[31]. Although it is more common in women, a clear
relationship with pregnancy or the use of OCP has not been established[32]. Hemangiomas are often asymptomatic and
detected incidentally. Hemangiomas can be seen in all age groups, but they are often detected in individuals aged 30-50
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Table 3 Imaging features of common liver lesions

us

CT (non-contrast)

MRI

Enhancement pattern (CT and
MRI)

Hepatic hemangioma

Focal nodular
hyperplasia

Hepatocellular
adenoma

Hepatic cyst

Polycystic liver disease

Mucinous cystic
neoplasm of liver

Cholangiocarcinoma

Hyperechoic
Well-defined
homogeneous

lesions with acoustic
enhancement

Rarely hypoechoic due to
hepatic steatosis

Difficult to detect (stealth
lesion)

Variable echogenicity

Heterogenous, well-
defined lesions

Highly variable
echogenicity

Anechoic, well-defined,
homogenous lesion

Multiple cysts with
features, resembling
hepatic cysts US findings
Solitary, well-defined,

multiloculated anechoic
lesion with septations

+ Septal/mural nodules
+ Calcification

Heterogenous

Bishideng® WIR | https://www.wjgnet.com

Hypodense well-defined
homogeneous lesion

Difficult to detect (stealth
lesion)

Hypodense or isodense well-

defined lesions

Well-defined heterogenous
lesion

+ Hyperdense if hemorrhagic

+ Hypodense if fatty

+ Calcification in areas of old

hemorrhage

Well-defined homogenous,
hypodense lesion

Multiple cysts with features,
resembling hepatic cysts CT

findings
Well defined heterogenous

lesion

+ Calcification

Heterogenous hypodense
lesion with capsular
retraction and parenchymal
atrophy

145

T1: Hypointense

T2: Markedly hyperintense

T1: Homogeneous isointense to

slightly hypointense with

hypointense stellate central scar

T2: Isointense to slightly
hyperintense

+ Hyperintense central scar

T1: Variable signal intensity
loss of signal

On opposed-phase if fatty

T2: Hyperintense

T1: Hypointense

T2: Hyperintense

Well-defined, homogenous
lesion

Multiple cysts with features,
resembling hepatic cysts MRI

findings

T1: Variable signal intensity

T2: Hyperintense

Arterial phase: Discontinuous,
peripheral, nodular

Enhancement

Portal venous and delayed phases:

Progressive

Centripetal filling
Hepatobiliary phase: Pseudo
washout

Arterial phase: Intense,
homogenous enhancement

Portal venous and delayed phases:

Isointense or slightly hyperintense
to the liver parenchyma

Hepatobiliary phase: Isointense or
slightly hyperintense to the liver
parenchyma

+ Central scar: Enhanced with
extracellular gadolinium contrast
agents, but not enhanced with
HSCA

Arterial phase: Intense
enhancement

No enhancement with contrast
agents

No enhancement with contrast
agents

+ Enhancement of wall/septations

T1: Heterogeneous hypointense Arterial phase: Peripheral,
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Variable echogenicity

+ Hypoechoic rim T2: Peripherally hyperintense  Portal venous and delayed phases:
and centrally hypointensite Progressive, persistent hetero-
geneous enhancement

+ Dilated intrahepatic bile  + Dilated intrahepatic bile
ducts ducts

+ Satellite lesions + Satellite lesions
+ Vascular encasement

Hepatocellular Variable echogenicity Early HCC, isodense, + T1: Variable signal intensity, +  Arterial enhancement
carcinoma hypodense if fatty loss of signal

Portal venous, delayed and
hepatobiliary phases: Washout

Progressed HCC, isodense or On opposed-phase if fatty
hypodense, occasionally
hyperdense

T2: Variable signal intensity,
typically moderately
hyperintense

CT: Computed tomography; MRI: Magnetic resonance imaging; US: Ultrasound; HSCA: Hepatobiliary-specific contrast agents.

Focal liver lesion

Imaging > Biopsy

Definitive diagnosis

Y Y

No need for follow-

Follow-up Treatment
up or treatment

Figure 1 Approach to focal liver lesions which cannot be characterized by the initial imaging.

years[31]. Right upper quadrant pain and fullness are common in patients presenting with symptoms. Less commonly,
patients may complain of nausea, early satiety, and dyspepsia. These symptoms may arise due to the mass effect of large
hemangiomas[31,33]. Rarely, patients may present with acute pain as a result of thrombosis or hemorrhage, or with
hemobilia due to a rupture into the biliary tract[34,35]. Giant hemangiomas can lead to Kasabach-Merritt syndrome
(thrombocytopenia, disseminated intravascular coagulation, systemic bleeding)[36].

Hemangiomas appear on US as hyperechoic, well-defined, homogeneous lesions (Figure 2). Hemangiomas can appear
hypoechoic in fatty liver due to a hyperechoic background[37]. Most hemangiomas have no blood flow on color Doppler
US[38]. CEUS increases the sensitivity and specificity of US in the diagnosis of hemangiomas. In the arterial phase, it
demonstrates peripheral nodular enhancement, following partial or complete centripetal filling[7]. Hemangiomas are
well-circumscribed lesions that are hypodense on non-contrast CT and T1 hypointense and T2 markedly hyperintense on
MRI. On contrast-enhanced CT and MRI, the presence of discontinuous peripheral nodular enhancement in the arterial
phase and progressive centripetal filling in the portal venous and delayed phases is typical for hemangiomas (Figures 2
and 3)[31]. Hemangiomas may not show enhancement in cystic, fibrotic, and thrombosed areas, and atypical imaging
findings may be seen. Fibrosis appears as hypointense on T2-weighted images[39]. Hemangiomas that appear as
hypointense in the hepatobiliary phase should not be confused with other lesions showing true washout[40].

There is no need for further evaluation of hepatic hemangiomas smaller than 3 cm that exhibit typical characteristics
such as a well-defined, hyperechoic appearance on US in patients without cirrhosis or extrahepatic malignancy. If these
criteria are not met, the lesions should be evaluated with cross-sectional imaging (contrast-enhanced MRI or CT)[33]. Due
to its higher sensitivity and specificity, MRI should be the first choice in diagnosing hemangiomas[41]. Because of their
vascular nature and the risk of bleeding, it is recommended to avoid biopsy[10]. Follow-up should be preferred over
biopsy in the management of small lesions with uncertain diagnosis[31].
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Figure 2 Hemangioma. A: Ultrasound shows a well-defined hyperechoic lesion (arrow); B: Axial T2-weighted magnetic resonance imaging (MRI) shows a
markedly hyperintense lesion (arrow); C: Axial T1-weighted MRI shows a hypointense lesion (arrow); D: Arterial phase T1-weighted MRI with an extracellular
gadolinium-based contrast agent demonstrates peripheral, nodular, and discontinuous enhancement (arrowhead); E: Portal venous phase T1-weighted MRI shows
continued progressive enhancement (arrowhead); F: Delayed phase T1-weighted MRI emphasizes these enhancement characteristics even further (arrowhead).

Treatment and follow-up of asymptomatic, small-sized hemangiomas are not recommended[10]. Some authors
recommend follow-up of hemangiomas larger than 5 cm at 6-12 months[42]. Surgery is not recommended for most
hemangiomas because they are usually asymptomatic and stable in their course. Surgical intervention may be considered
in cases of lesions larger than 10 cm, progressive increase in lesion size, symptomatic compression, life-threatening
complications such as intraperitoneal bleeding or Kasabach-Merritt syndrome, and patients with recurrent pain
complaints[10,43]. Surgical treatment of hemangioma includes hepatic resection, enucleation, hepatic artery ligation, and
liver transplantation[43]. Hemangiomas can also be treated non-surgically with procedures such as transarterial
embolization (TAE) and radiofrequency ablation (RFA)[44,45].

During the first six months of life, infantile hepatic hemangiomas usually show rapid growth, which is followed by
regression. While asymptomatic cases might not need any treatment at all, propranolol is frequently used as the first line
of treatment for symptomatic cases, particularly those that result in high-output cardiac failure. Embolization or surgery
may be considered if medical management proves to be ineffective[46].

Focal nodular hyperplasia

FNH is the second most common benign tumor of the liver[31]. Arteriovenous shunts, which are caused by damage to the
portal tract, lead to the development of FNH. Hyperperfusion resulting from arteriovenous shunts leads to oxidative
stress which stimulates hepatic stellate cells to produce the central scar[47]. FNH is more prevalent among women aged
30 to 40. Most FNH cases are incidentally detected, and they may present with symptoms in 20%-40% of cases[31]. The
most common symptom is abdominal pain[48].

FNH is referred to as a "stealth lesion" because it is difficult to detect on US, non-contrast CT, and MRI. A "spoke-wheel
pattern" of vascularity can be revealed by color Doppler ultrasonography[49]. Due to the strong and homogeneous
enhancement of FNH in the arterial phase, contrast-enhanced CT and MRI play a significant role in the diagnosis of FNH.
It becomes difficult to distinguish it from the liver parenchyma in the portal venous phase and delayed phase (Figure 4).
These imaging features are typical for FNH, and the diagnosis can be made with confidence[50,51]. The central scar with
a "spoke-wheel" appearance, seen in 50%-70% of FNHs, shows contrast enhancement in the delayed phase, unlike
fibrolamellar HCC[52]. Because of their different managements, HCA and FNH should be distinguished. HSCA can be
used as problem solvers in cases where a definitive diagnosis cannot be established. In the hepatobiliary phase, FNH
shows contrast enhancement, whereas HCA appears hypointense compared to the liver parenchyma, as HCA lacks
functional hepatocytes[53,54]. CEUS has a high sensitivity and specificity for the diagnosis of FNH[55]. On CEUS,
contrast enhancement is observed in the arterial and early portal venous phases, and the central artery can also be seen in
a "spoke-wheel pattern" in the arterial phase[56]. In ambiguous cases where a definitive radiological diagnosis cannot be
made, a biopsy should be performed. FNH and HCA can be differentiated from each other through immunohisto-
chemical analyses[57].
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Figure 3 Hemangioma. A: Axial non-contrast computed tomography (CT) image shows lesions in the right lobe (thick arrow) and left lobe (thin arrow) of the liver;
B: Arterial phase contrast-enhanced CT image demonstrates peripheral, nodular, and discontinuous enhancement of the lesions (arrowhead); C: Portal venous phase
contrast-enhanced CT image shows progressive enhancement patterns (arrowhead); D: Delayed phase contrast-enhanced CT image further highlights the
enhancement characteristics (arrowhead).

FNH cases are usually asymptomatic. Spontaneous rupture and malignant transformation are rare[58]. Therefore, they
do not require surgical treatment or follow-up. In patients diagnosed with FNH who wish to continue using OCP, annual
US follow-up for 2-3 years can be conducted. Surgery may be required only in symptomatic cases where the definitive
diagnosis of FNH is not established[10]. Due to the presence of large vascular structures around the lesion, enucleation is
preferred over hepatectomy[59]. TAE and RFA may be preferred over hepatic resection due to lower complications and
morbidity[60,61].

HCA

HCAs are the third most common benign tumor of the liver. They are generally solitary and are liver lesions with a risk of
bleeding. Differentiating them from other benign liver lesions is necessary due to the distinct approach to their
management. They are common in women in their 30 and 40 seconds[31]. Most of them are symptomatic. Approximately
35% of HCAs are incidentally detected[62]. They are more common in women using OCPs and especially in young men
using anabolic androgen steroids[63-65]. In addition, the risk of developing HCA increases in situations where
endogenous androgens and estrogens are elevated. These findings support a causal relationship between HCA and
hormonal abnormalities[66]. Other risk factors for HCA include metabolic syndrome, obesity, glycogen storage diseases
(Types 1 and 3), maturity-onset diabetes of the young type 3, and McCune-Albright syndrome[67-69]. They are typically
seen as well-defined masses in the right lobe of the liver. When they are multiple (> 10), the term “hepatic adenomatosis”
is used[70]. These lesions share similar characteristics with HCA and are managed similarly[31]. HCA has many subtypes
with distinct clinical and histopathological characteristics. These subtypes have different complications and risks of
malignant transformation. The most common molecular subtypes of HCA include HNFla inactivated HCA, B-catenin
exon 3-mutated HCA, B-catenin exon 7 or 8-mutated HCA, sonic hedgehog HCA, and unclassified HCA[62,71].

It can be difficult to distinguish HCA from other hypervascular liver tumors, and the imaging characteristics of its
subtypes can vary significantly. HCAs appear as heterogeneous lesions on US, with no specific echo pattern[31]. CEUS is
not as sensitive and specific as MRI in the diagnosis of HCAs and their subtypes[72]. HCAs are observed as well-defined
masses with strong peripheral enhancement in the arterial phase on contrast-enhanced CT. Hemorrhagic areas appear
hyperdense on non-contrast CT[73]. Non-contrast CT can demonstrate calcifications associated with prior bleeding in 5%-
10% of cases[74].

MRI is the best imaging modality for the diagnosis and subtype classification of HCA. In the HNF1lo inactivated HCA
subtype, diffuse and homogeneous signal dropout on opposed-phase T1 is observed due to intracellular fat. It shows
contrast enhancement in the arterial phase while demonstrating washout in the portal venous and delayed phases.
Inflammatory HCA appears hyperintense on T2, with peripheral contrast uptake continuing in the delayed phase with
extracellular contrast agents (Figure 5). A peripheral hyperintense rim (atoll sign) may be seen. Intracellular fat is rare[75,
76]. Intralesional bleeding is seen in up to 30% of cases[77]. p-catenin mutated HCA and unclassified HCA do not have
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Figure 4 Focal nodular hyperplasia. A: Axial T2-weighted magnetic resonance imaging (MRI)shows a slightly hyperintense lesion (arrow); B: Axial T1-weighted
MRI reveals a slightly hypointense lesion (arrow); C: Arterial phase T1-weighted MRI with a hepatobiliary-specific contrast agent shows homogenous enhancement of
the lesion (arrows); D: Portal venous phase T1-weighted MRI indicates the lesion is isointense (arrow); E: Hepatobiliary phase T1-weighted MRI shows persistent
peripheral enhancement of the lesion (arrow) with a hypointense central scar (arrowhead).

characteristic MRI features. B-catenin mutated HCAs typically do not contain microscopic fat. Since B-catenin mutated
HCA has a high risk of malignant transformation, attention should be paid to indicative findings for malignant transfor-
mation, such as an increase in lesion size, local invasion, and washout[78]. HSCA-enhanced MRI is particularly useful in
distinguishing HCA from FNH. While FNHs show contrast enhancement in the hepatobiliary phase, most HCAs do not
show contrast enhancement[53,54]. However, it should be kept in mind that some inflammatory and p-catenin mutated
HCAs may show contrast enhancement in the hepatobiliary phase on MRI with HSCA[79]. Although biopsy is the gold
standard method for diagnosis and subclassification of HCA, biopsy should be considered for cases where a definitive
diagnosis cannot be made by imaging due to the bleeding risk[31].

In the article published by Vernuccio et al[80], it is mentioned that most HCAs (78%) remained stable or resolved[80].
Nonetheless, HCAs are managed differently from other benign liver lesions due to the risk of bleeding and progression to
HCC[10,31]. Patients with HCA should avoid using OCP, hormone-containing intrauterine devices, and anabolic steroids.
Pregnancy is not contraindicated in cases of HCA smaller than 5 cm, and it is recommended to manage them with an
individualized approach[10]. The conservative approach can be considered in the management of HCA smaller than 5 cm
due to the low risk of bleeding and progression to HCC[10,81]. Even after discontinuing OCPs and anabolic steroids,
some HCAs can progress to HCC[82]. Therefore, it is recommended to have follow-up imaging every six months for at
least two years and then annually to assess lesion stability[10]. Patients with suspected HCC should be screened more
frequently with MRI, and the option of biopsy or surgical resection may be considered[82,83].

In the past, surgical intervention and lifelong follow-up were recommended for the management of HCA[84].
However, only about 15%-20% of HCAs require surgery, and different subtypes of HCA have distinct clinical character-
istics[85]. HCAs are vascularized tumors, and bleeding is a common complication. In a systematic review involving 1176
patients with HCAs, the overall frequency of bleeding was reported as 27.2%[86]. Since the vast majority of reported cases
of HCAs bleeding spontaneously are greater than 5 cm in diameter, resection or embolization is advised for HCAs
exceeding this size[10]. Due to the higher risk of malignant transformation in male patients and the p-catenin mutated
HCA subtype, resection should be considered[10,31,71]. Because inflammatory and sonic hedgehog HCA subtypes are
associated with obesity, overweight patients with these subtypes are advised to lose weight. In such cases, bariatric
surgery may be considered[87].

Due to the risk of malignant transformation, hepatectomy or segmental resection is preferred in the surgical
management of HCAs. TAE may be an alternative treatment method to surgery in selected patients. TAE can be used as a
preoperative intervention to reduce blood loss during surgery. However, the risk of malignant transformation after TAE
is not well understood[88]. RFA can be used as a treatment for residual or progressive tumors after surgery or as an initial
treatment[89]. Conservative treatment to maintain hemodynamic stability can help avoid the need for emergency liver
resection in cases of bleeding. In cases where bleeding cannot be controlled, options such as hepatic packing,
hepatectomy, embolization, and even liver transplantation can be considered[90,91].
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Figure 5 Hepatocellular adenoma, inflammatory subtype. A: Ultrasound shows a hypoechoic well-defined lesion (arrow) in the right lobe of the liver; B:
Axial non-contrast computed tomography (CT) image demonstrates a hypodense lesion (arrow); C: Arterial phase CT shows the lesion with homogenous
enhancement (arrowhead); D: In the portal venous phase, the lesion appears isodense to the surrounding liver parenchyma (arrow); E and F: Axial T1-weighted
images in opposed phase (E) and in-phase (F) show the lesion (arrow) with no signal drop on the opposed-phase image; G: Axial T2-weighted magnetic resonance
imaging (MRI) shows a hyperintense lesion (arrow). H: Arterial phase T1-weighted MRI with an extracellular gadolinium-based contrast agent demonstrates
heterogeneous enhancement (arrowhead); I: Portal venous phase T1-weighted MRI continues to show heterogeneous enhancement of the lesion (arrowhead) with
no washout.

Hepatic cyst

Hepatic cysts are benign liver lesions often found incidentally in imaging studies conducted for other indications. The
etiology of hepatic cysts is unknown. They are not considered as premalignant precursors. Hepatic cysts are more
common in individuals over the age of 40, with a higher prevalence in women[92]. They are not associated with OCP or
pregnancy. Patients with large-sized cysts may present with symptoms such as abdominal pain, epigastric fullness, and
early satiety. Bleeding, infection, rupture, biliary obstruction, or rapid growth in lesion size may cause symptoms[93,94].

Simple hepatic cysts appear as homogeneous anechoic lesions with well-defined borders and posterior acoustic
enhancement on US[95]. They are non-enhancing hypodense lesions on contrast-enhanced CT. On MR, they appear
hypointense on T1-weighted sequences and hyperintense on T2-weighted sequences (Figure 6)[96,97]. Symptomatic
cases, a high number of cysts (> 20), large size (> 4-5 cm), rapid increase in lesion size, irregular wall, septations, calcific-
ations, fenestrations, loculations, heterogeneity, solid components, or daughter cysts are not among the typical features of
hepatic cysts. In such cases, further investigation with CT or MRI is required[98].

Due to the lack of sufficient clinical studies on the management of incidentally detected asymptomatic hepatic cysts,
there are no evidence-based recommendations available. However, follow-up and treatment of hepatic cysts is not
recommended[10]. Intervention may be necessary in the case of bleeding, infection, rupture, or significant growth of
hepatic cysts. Simple aspiration is not recommended due to the risk of recurrence[99]. Surgical intervention may be
considered in symptomatic patients and in those with lesions where the need for histological diagnosis is necessary,
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Figure 6 Hepatic cyst. A: Ultrasound shows an anechoic well-defined lesion (arrow) with a single thin septation (arrowhead); B: Axial non-contrast computed
tomography (CT) image demonstrates a hypodense lesion (arrow); C: Axial contrast-enhanced CT image in the portal venous phase shows a hypodense lesion
(arrow) with no enhancement; D: Axial T2-weighted magnetic resonance imaging (MRI) shows a markedly hyperintense lesion (arrow); E: Axial T1-weighted MRI
shows a hypointense lesion (arrow); F: Axial T1-weighted MRI with an extracellular gadolinium-based contrast agent in the portal venous phase shows the lesion
(arrow) with no enhancement.

especially when malignancy cannot be ruled out[100]. Surgical treatments include open or laparoscopic cyst fenestration
(deroofing, unroofing, or marsupialization) and hepatic resection[101]. The laparoscopic approach has been reported to
have lower morbidity and reduced length of hospital stay compared to open surgery. Therefore, when available, a laparo-
scopic approach may be preferred[102]. Patients who are not candidates for surgery can be treated with cyst aspiration
followed by sclerotherapy using sclerosing agents such as alcohol[103]. The studies comparing aspiration and surgery in
hepatic cyst management are limited. ACG recommends laparoscopic fenestration for the treatment of symptomatic
simple cysts. ACG Clinical Guideline also states that the choice of treatment should be determined based on the available
resources, and the patient's preference[10].

Polycystic liver disease

Polycystic Liver Disease (PCLD), which has similar histopathological features to simple liver cysts, is characterized by
cysts that are typically numerous (usually > 20) and large[104]. PCLD is considered part of the clinical spectrum of
ciliopathies associated with mutations causing cholangiocyte ciliary dysfunction. Congenital hepatic fibrosis, choledochal
cysts, hamartomas, and Caroli disease are among the ciliopathies. The most commonly associated disease with PCLD is
autosomal dominant polycystic kidney disease (ADPKD)[105]. The most common extrarenal manifestation of ADPKD is
PCLD[106]. Although patients are generally asymptomatic, they may present with many complications such as infection,
hemorrhage, rupture, biliary, or gastrointestinal compression, extrinsic compression of the inferior vena cava, and even
portal hypertension[107-109].

The diagnosis of PCLD can be easily made through imaging, revealing multiple hepatic cysts (Figure 7). Although
there is no universally accepted criterion for the diagnosis of PCLD using imaging, a study has suggested that a diagnosis
can be considered for individuals with a positive family history and more than four hepatic cysts[110]. The differential
diagnosis of PCLD includes biliary hamartomas (von Meyenburg complexes) and Caroli disease. Compared to PCLD, the
cyst sizes in biliary hamartomas are smaller. The central dot sign, which indicates intrahepatic portal vein branches
surrounded by dilated bile ducts, is a significant finding in Caroli disease[111].

The treatment of PCLD is generally dependent on the presence of symptoms. Although there are a few reports on
medical treatment, its routine use is not recommended[10,112,113]. Typically, the determining factor in treatment is the
liver volume rather than the volume of the cysts. Treatment aims to reduce cyst volume, alleviate symptoms related to
mass effect, and decompress the liver[104]. Laparoscopic surgery is recommended as the treatment of choice[102]. Liver
transplantation may be considered for patients with refractory symptoms[114].
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Figure 7 Polycystic liver disease. A: Axial non-contrast computed tomography (CT) image demonstrates multiple hypodense lesions (arrowheads); B: Axial
contrast-enhanced CT image in the portal venous phase shows multiple hypodense lesions with no enhancement (arrowheads); C: Axial contrast-enhanced CT
image in the delayed phase demonstrates multiple hypodense lesions with no enhancement (arrowheads); D: Coronal contrast-enhanced CT image in the portal
venous phase shows multiple hepatic (arrowheads) and renal (arrows) cysts.

Hepatic hydatid cyst

Hydatid disease is caused by the larval stages of cestodes belonging to the genus Echinococcus. Echinococcus granulosus
and Echinococcus multilocularis, respectively, lead to cystic echinococcosis (hydatid cyst) and alveolar echinococcosis. The
diagnosis and treatment of cystic and alveolar echinococcosis are distinct[115]. In this article, cystic echinococcosis, which
is more common than alveolar echinococcosis, is discussed.

Hepatic hydatid cyst is an endemic disease caused by Echinococcus granulosus, leading to significant public health
problems in many countries[116]. The ingestion of eggs of Echinococcus granulosus leads to the development of oncos-
pheres, which primarily settle in the liver and lungs through the vascular and lymphatic systems[117].

Hepatic hydatid cysts are generally asymptomatic. As the size of the cysts increases, they can lead to symptoms. Cyst
rupture or secondary infection may lead to acute pain. Cyst rupture can also lead to peritonitis and even shock by
inducing an allergic reaction. Rarely, cysts may open into the bile ducts, presenting with jaundice and cholangitis[117-
119].

US is the primary modality used for the diagnosis of hydatid cyst. On US, hydatid cysts initially appear similar to
simple hepatic cysts. In the later stages, the cyst wall begins to thicken and calcify, and daughter cysts develop around the
periphery of the main cyst (Figures 8 and 9). The water lily sign, which refers to floating membranes following the
complete detachment of membranes within the cyst, is a specific sign of a hydatid cyst (Figure 8). Several classifications
have been developed to determine the treatment strategy for hydatid cysts. The classifications are based on features such
as calcifications, daughter cysts, detachment of the membrane, and heterogeneous components. The World Health
Organization (WHO) classification based on US findings has replaced the older Gharbi classification for hydatid cysts
(Table 4)[120-122].

In the case of a suspected hydatid cyst on US, it is necessary to evaluate it further with CT or MRI[123]. CT and MRI are
more sensitive modalities than the US for the diagnosis of hydatid cyst. CT and MRI better demonstrate the presence of
daughter cysts, extrahepatic involvement, recurrence, and complications such as peritonitis, and rupture[124]. CT can
demonstrate better calcifications, while MRI is the preferred modality for evaluating the relationship of lesions with the
bile duct[125]. Hydatid cyst lesions do not show contrast enhancement. Particularly in lesions with a heterogeneous
pattern (Type IV/CE4), the presence of internal contrast-enhancing components should rule out a diagnosis of hydatid
cyst[117].

There is no best option for the treatment of hydatid cysts due to the lack of sufficient studies comparing treatment
efficacy. The treatment of hydatid cysts depends on various factors, including the type, location, and size of the cyst,
accompanying complications, symptoms, available medical resources, and patient preferences. Treatment recommend-

ations of the WHO-Informal Working Group on Echinococcosis (WHO-IWGE) according to cyst types are stated in
Table 5[115].
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Table 4 Classification of hydatid cyst and imaging features

Gharbi WHO- US findings CT findings MRI findings
IWGE
Typel CE1 Unilocular cyst with wall Well-defined hypoattenuating T1 hypointense
cyst
Hydatid sand Perceptible wall with mild Very T2 hyperintense
delayed enhancement
Snowstorm sign No internal enhancement Perceptible wall with mild delayed enhancement
No internal vascularity No internal enhancement
Type3 CE2 Multilocular, multiseptated cyst Multivesicular multiseptated cyst ~Multivesicular multiseptated
Honeycomb sign Hypoattenuating daughter cysts T2 hyperintense daughter cysts
Daughter cysts No septal enhancement No septal enhancement
Type2 CE3 Cyst with detached membrane, Heterogeneous Heterogeneous
water-lily sign (CE3a)
Cyst with daughter vesicles in a High-attenuating internal content T2 hypointense detached membranes
solid matrix (CE3b)
Detached membranes No internal enhancement
No internal enhancement
Type4 CE4 Cyst with heterogenous content Solid appearance T2 iso- to hypointense
No daughter cysts No daughter cysts No daughter cysts
Ball of wool sign Avascular Avascular
Type5 CE5 Thick calcified wall Capsular and/or central calcific- ~ Very hypointense wall and intermediate to low internal

ations

Complete calcification

signal intensity on T2-weighted images

No internal enhancement

No internal enhancement

Classification of hydatid cyst and imaging features[119,121]. CT: Computed tomography; MRI: Magnetic resonance imaging; US: Ultrasound; WHO-IWGE:

World Health Organization Informal Working Group on Echinococcosis.

Among the treatment options for hydatid cysts are antihelminthic drugs, percutaneous treatment, and surgery. The
drug of choice for the treatment of hydatid cysts, either alone or in conjunction with percutaneous treatment, is
albendazole[126]. Puncture, aspiration, injection, and re-aspiration (PAIR) is an effective percutaneous treatment method
with lower complication rates and lower costs compared to surgery[127,128]. PAIR is the recommended treatment
method for patients who have CE1 and CE3a (Gharbi type 1 and 2) hydatid cysts larger than 5 cm, and are not suitable for
or refuse surgical intervention, have postoperative relapse, or fail to respond to albendazole alone. PAIR is not
recommended for treatment of CE2 and CE3b, CE4, and CE>5 cysts, or cysts communicating with the biliary tract. Cysts
that are difficult to drain or tend to relapse after PAIR (CE2 and CE3b) are candidates for other percutaneous treatments,
such as large-bore catheters[129].

Surgery should be the primary treatment option for hydatid cysts that are difficult to reach, complicated, multive-
sicular, or associated with the biliary system[130]. Especially in cases where percutaneous treatment is not available,
surgical intervention should also be preferred. The surgical treatment strategy for hydatid cysts has also progressed over
the years in response to advances in surgical techniques. Partial liver resection, pericystectomy, and cystectomy are
preferred surgical options in the treatment of hydatid cysts. Laparoscopic surgery may be preferred over open surgery in
selected cases, but the risk of complications has not been definitively assessed[131-133]. Another method used in the
management of hydatid cysts is the "watch-and-wait" approach, where the patient is closely monitored without
treatment. This method should be preferred in cases where the cysts are largely calcified and inactive (CE4 and CE5)[134].

Mucinous cystic neoplasm of the liver

In 2010, the WHO divided mucin-producing liver bile duct tumors into two separate categories: "Mucinous cystic
neoplasm of the liver (MCNL)" and "intraductal papillary mucinous neoplasm of the bile duct”[135]. MCNL was formerly
known as biliary cystadenoma or biliary cystadenocarcinoma. While MCNLs are generally asymptomatic, the mass effect
of larger MCNLs can cause the manifestation of symptoms such as abdominal pain, nausea, and early satiety[136].

The differential diagnosis of MCNL includes a wide range of lesions such as cystic HCC, choledochal cysts, hydatid
cysts, liver abscesses, hemorrhagic cysts, PCLD, and cystic hemangioma[137-139]. Although imaging plays a crucial role
in the diagnosis of MCNL, it may not always clearly distinguish these lesions from others due to variations in imaging
findings.
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Table 5 Stage-specific treatments of hepatic hydatid cysts recommended by World Health Organization Informal Working Group on

Echinococcosis

WHO-IWGE classification ~ Surgery Percutaneous treatment Drug therapy Suggested optimal treatment
CE1 Yes Yes <5cm
Albendazole
>5cm
PAIR + Albendazole
CE2 Yes Yes Yes Non-PAIR percutaneous treatment +
Albendazole
CE3a Yes Yes <5cm
Albendazole
>5cm
PAIR + Albendazole
CE3b Yes Yes Yes Non-PAIR percutaneous treatment +
Albendazole
CE4 Watch and wait
CE5 Watch and wait

Stage-specific treatments of hepatic hydatid cysts recommended by World Health Organization Informal Working Group on Echinococcosis[114]. PAIR:
Puncture, aspiration, injection, and re-aspiration; WHO-IWGE: World Health Organization Informal Working Group on Echinococcosis.

Figure 8 World Health Organization CE2 and CE3a type hydatid cysts. A 35-year-old man with nonspecific right upper quadrant pain. A: Axial T2
weighted magnetic resonance imaging (MRI) shows a T2 hyperintense hydatid cyst [World Health Organization (WHO) type CE2] with a solitary main cyst (arrow)
and small daughter cysts (arrowhead) posteriorly; B: Axial T1 weighted MRI shows a T1 hypointense hydatid cyst with a solitary main cyst (arrow); C: Axial T1
weighted MRI with an extracellular gadolinium-based contrast agent in the portal venous phase shows a hydatid cyst that demonstrates no enhancement; D: Axial
contrast-enhanced computed tomography (CT) image shows a hydatid cyst with the main cyst (arrow) and daughter cysts (arrowheads); E: Axial contrast-enhanced
CT image of the same patient after one year shows a hydatid cyst (arrow) (WHO type CE3a) with detached membranes (arrowhead) floating within the main cyst.
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Figure 9 Inactive hydatid cysts. A: Axial non-contrast computed tomography (CT) image shows a heterogeneous hypodense hydatid cyst (arrow) with a
partially calcified wall (arrowhead); B: Axial contrast-enhanced CT image shows a heterogeneous hypodense hydatid cyst (arrow) with a partially calcified wall
(arrowhead); C: Ultrasound image of another patient demonstrates a heterogeneous calcified hydatid cyst (World Health Organization type CE5, arrow) with acoustic
shadowing (arrowheads); D: Axial non-contrast CT image shows a calcified hydatid cyst (arrow).

On US, they are generally seen as single, giant, multilocular lesions with septate and mural calcification. Mural nodules
can be seen in some MCNLs. They are rarely unilocular[140]. There is no typical contrast enhancement pattern on CEUS
that can reliably differentiate between benign and malignant lesions[141]. Cystic lesions suspected to be MCNL on US
should be further evaluated with CT or MRI for a more comprehensive assessment. On CT, MCNLs typically appear as
large, well-defined, multilocular cystic lesions with septations (Figure 10). Other imaging features of MCNL on CT
include wall irregularities, mural nodules, and mural calcifications. Contrast enhancement can be observed in the wall,
septations, or mural nodules of cysts[2,142]. MRI is more effective at demonstrating the contrast enhancement of these
components compared to CT. MCNLs appear hyperintense on T2-weighted sequences, while on T1-weighted sequences,
they can exhibit different signals depending on their content such as proteinaceous material or blood products
(Figure 10). Calcifications are hypointense on all MRI sequences[142]. Magnetic resonance cholangiopancreatography is
quite helpful in assessing the relationship between MCNL and the biliary system[143].

While some studies have demonstrated the association of calcifications, mural nodules, and wall enhancement with
malignancy, the reliable differentiation between benign and malignant lesions is generally not achievable through
imaging alone. Due to limited sensitivity and the possibility of causing dissemination in the presence of malignancy,
aspiration or biopsy of cystic masses suspected to be MCNL is not recommended. Instead, complete surgical excision
should be performed for diagnosis and treatment[140,144]. Enucleation can be considered due to the presence of a pseudo
capsule[145]. Laparoscopic surgery can be preferred because of its lower morbidity and fewer complications[102]. In
cases that are not candidates for surgery, cystic lesions with suspected MCNL should be followed with imaging[10].

Cholangiocarcinoma

CCAs are rare tumors that originate from the epithelium of the bile ducts and can be found in any part of the biliary
system. CCAs are classified into two groups: Intrahepatic CCA (ICCA) and extrahepatic CCA[146]. In this section, ICCAs,
which can manifest as FLL, are addressed. Since ICCAs are often detected in advanced stages and are unresectable, their
survival rates are low, and their treatment can be challenging[147]. ICCAs are the second most common primary liver
malignancy[146]. Risk factors for CCA include primary sclerosing cholangitis, inflammatory bowel disease, smoking,
alcohol consumption, age (> 65 years), liver fluke infestation, Caroli's disease, choledochal cyst, intrahepatic bile duct
stones, cirrhosis, and viral hepatitis[148,149]. ICCAs are often detected incidentally. They can present with symptoms
such as pain, loss of appetite, and weight loss[150].

In cases of suspected ICCA, FLL should be evaluated with CT or MRI. On contrast-enhanced CT, ICCAs appear
hypodense in the non-contrast phase and show peripheral enhancement in the arterial phase (targetoid appearance). Due
to intense desmoplastic reaction and fibrous stroma, it exhibits progressive heterogeneous enhancement in the portal
venous and delayed phases[151]. On MRI, they can appear as masses that are peripherally hyperintense due to cellularity
and centrally hypointense due to fibrosis (Figure 11)[152]. Other imaging features include hepatic capsular retraction,
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Figure 10 Mucinous cystic neoplasm of the liver. A: Axial contrast-enhanced computed tomography image shows a lobulated lesion (arrow) with an
enhancing wall (white arrowheads) and septations (black arrowheads) in the right lobe of the liver; B: Axial T2 weighted MR image shows a T2 hyperintense lobulated
lesion (arrow) with an thick wall and septations; C: Axial T1 weighted MR image shows a T1 hypointense lobulated lesion; D: Axial T1 weighted MR image with an
extracellular gadolinium-based contrast agent in the portal venous phase shows a T1 hypointense lobulated lesion (arrow) with an enhancing thick wall (white
arrowheads) and septations (black arrowheads).

parenchymal atrophy, dilated peripheral intrahepatic bile ducts, vascular encasement, and satellite lesions[149,153]. MRI
should be preferred over CT for staging of ICCAs[154]. In patients with ICCA who are considered resectable, PET
scanning should be performed to evaluate lymph node metastases that cannot be detected on CT or MRI[155,156].

Because a reliable diagnosis of ICCA cannot often be made with imaging, histopathological diagnosis is often required.
If there is no surgical indication, a biopsy should be performed for a definitive diagnosis[151,157]. If there is an indication
for surgery in the case of FLL with suspected primary hepatic malignancy, surgery should be performed without biopsy,
as a biopsy may not change the treatment strategy and can potentially lead to dissemination[158,159]. Surgery followed
by adjuvant chemotherapy is recommended in resectable patients. Surgical options for ICCA include hepatic resection
and liver transplantation. For unresectable patients, treatment options include chemotherapy and liver-directed therapies
such as RFA, transarterial chemoembolization, and radioembolization. Radiation therapy is not recommended for
unresectable liver-limited ICCA cases due to insufficient evidence[159]. Unfortunately, even in experienced centers,
ICCAs have low rates of curative resection (10%-49%), resulting in high rates of postoperative recurrence[160,161].

HcC

Primary liver tumors are the sixth most common worldwide and the third leading cause of cancer-related deaths[162].
HCC is the most common primary liver tumor, constituting 75%-86% of cases[163]. HCC has a higher incidence and
mortality rate in males[164]. The most important risk factor for HCC is cirrhosis. More than 80% of HCC patients have
cirrhosis[165]. Although the rates of HCC due to chronic HBV or HCV infections have decreased, they continue to be the
predominant factors for HCC in many countries[166]. However, the incidence of HCC associated with alcohol and
NAFLD is increasing[167].

Surveillance for primary HCC has been proven to improve the early detection of HCC. Patients at high risk should be
included in surveillance, provided they are candidates for HCC treatment[168]. AASLD recommends HCC surveillance
in patients with chronic HBV infection and in those with cirrhosis of any etiology. While surveillance is recommended to
increase survival in patients with Child-Turcotte-Pugh A or B cirrhosis, it is not recommended in patients with Child-
Turcotte-Pugh C cirrhosis (except for liver transplantation). All patients on the liver transplant waiting list should have
HCC surveillance every six months because detecting early-stage HCC can alter their transplantation priority. HCC
surveillance should be performed semiannually using both US and AFP. The use of CT and MRI, as well as tumor
markers other than AFP, is not recommended. Lesions smaller than 1 cm detected during surveillance should be closely
monitored with US every 3-6 months. If the lesion is stable on two or more follow-up US examinations, surveillance is
returned to semiannual surveillance. In cases where US is suboptimal, contrast-enhanced CT or MRI may be preferred for
HCC surveillance. The presence of a lesion larger than 1 cm on US and rising (doubling on two consecutive tests) or high
AFP levels (> 20 ng/mL), even in the absence of a visible lesion, are indications for imaging with contrast-enhanced CT or
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Figure 11 Intrahepatic cholangiocarcinoma. A: Ultrasound shows a heterogeneous slightly hyperechoic lesion (arrow); B: Axial non-contrast computed
tomography (CT) image demonstrates an ill-defined hypodense lesion (arrow) that causes capsular retraction (white arrowheads); C: Axial contrast-enhanced CT
image in the arterial phase shows peripheral enhancement (targetoid appearance) of the lesion (arrow); D: Axial contrast-enhanced CT image in the portal venous
phase shows progressive enhancement (black arrowheads) of the lesion (arrow); E: Axial contrast-enhanced CT image in the delayed phase shows further
progressive enhancement (black arrowheads) of the lesion (arrow); F: Axial T2 weighted magnetic resonance imaging (MRI) shows a T2 peripherally hyperintense,
centrally hypointense ill-defined, heterogeneous lesion (arrow) with capsular retraction (white arrowheads); G: Axial T1 weighted MRI shows a T1 hypointense ill-
defined, heterogeneous lesion (arrow) with capsular retraction (white arrowheads); H: Axial T1 weighted MRI with an extracellular gadolinium-based contrast agent in
the portal venous phase shows a T1 hypointense lesion (arrow) with progressive enhancement (black arrowheads); I: Axial T1 weighted MR image in the delayed
phase shows a hypointense lesion (arrow) with further progressive enhancement (black arrowheads).

MRI. The recall algorithm for HCC surveillance recommended by AASLD is presented in Figure 12[11].

Although some studies suggest that MRI may be slightly more effective than CT in diagnosing HCC, the available data
is limited. Therefore, both modalities can be safely used for the diagnosis of HCC[169-171]. HSCA and extracellular
contrast agents are both useful in MRI[11]. HCC is a hypervascular tumor. In lesions larger than 1 cm in size, HCC
diagnosis can be established with high sensitivity and specificity using contrast-enhanced CT or MRI when they
demonstrate contrast enhancement in the arterial phase and washout in the portal venous or delayed phases (Figures 13
and 14)[172,173].

LI-RADS is a system that guides the management of liver lesions observed in high-risk patients by stratifying the risk
of HCC using a uniform lexicon[174]. LI-RADS should only be used in the management of patients with cirrhosis or
chronic HBV infection. Lesions are categorized from LR-1 to LR-5 using major and ancillary features. LR-1 represents
definitely benign lesions, while LR-5 indicates definite HCC. Nonrim arterial phase hyperenhancement (APHE), size,
enhancing capsule, nonperipheral washout, and threshold growth are among the major features of the LI-RADS
diagnostic criteria. Threshold growth indicates an increase in size equal to or greater than 5 mm within 6 months or less.
In lesions > 2 cm in size, the presence of APHE and one other major feature is sufficient for the diagnosis of HCC. For
lesions sized 10-19 mm, the diagnosis of HCC requires APHE and either washout or threshold growth, or APHE and two
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Figure 12 Recall algorithm for hepatocellular carcinoma surveillance recommended by the American Association for the Study of Liver
Diseases[12]. AFP: Alpha-fetoprotein; CT: Computed tomography; LI-RADS: Liver Imaging Reporting and Data System; MRI: Magnetic resonance imaging; US:
Ultrasound.

Figure 13 Hepatocellular carcinoma in a 58-year-old man with chronic hepatitis B infection. A: Axial non-contrast computed tomography (CT)
image shows the hypodense lesion(arrowhead); B: Axial contrast-enhanced CT image in the arterial phase shows an enhancing lesion (arrowhead); C: Axial contrast-
enhanced CT image in the portal venous phase shows the lesion(arrowhead) with a washout (thin arrow); D: Axial contrast-enhanced CT image in the delayed phase

shows the lesion(arrowhead) with further washout (thick arrow).
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Figure 14 Hepatocellular carcinoma in a 53-year-old man with chronic hepatitis B infection. A: Axial T2 weighted magnetic resonance imaging
(MRI) shows a T2 mildly hyperintense lesion (arrow); B: Axial T1 weighted MRI image shows a T1 hypointense lesion (arrow); C: Axial post-contrast T1 weighted MRI
with a hepatobiliary-specific contrast agent in the arterial phase shows an enhancing lesion (arrows); D: Axial post-contrast T1 weighted MRI in the hepatobiliary
phase shows a lesion(arrow) with a washout (arrowhead).

major features. The categories of lesions can be upgraded or downgraded using ancillary features. It should be noted that
a lesion cannot be upgraded to the LR-5 category using ancillary features[4]. CEUS has acceptable specificity for LR-5
lesions, but it is inadequate for treatment planning due to its limitations. When MRI and CT are inconclusive, unavailable,
or contraindicated, and tumor biopsy is not feasible, CEUS can be used[11,175].

AASLD adpvises returning to US-based HCC surveillance every 6 months for patients with LR-1 and LR-2 observations.
For patients with an LR-3 observation, AASLD suggests repeat diagnostic imaging in 3 to 6 months. AASLD recommends
multidisciplinary counseling for patients with an LR-4 observation to provide tailored optimal management[11]. Even
though LI-RADS has largely replaced biopsy in many cases, biopsy may still be required to confirm the diagnosis of
suspicious lesions that do not have characteristic features[176]. Atypical HCCs may not be distinguishable from other
malignant liver tumors with imaging. Lesions classified as LR-M (definite or probable malignancy, not specific for HCC)
should be evaluated with a biopsy when detected during HCC surveillance. The coaxial biopsy technique is reco-
mmended as it may reduce the risk of tumor seeding[177].

Patients diagnosed with HCC should be treated by a multidisciplinary team. HCC treatment options include surgery (
e.g., hepatic resection, transplantation), locoregional therapies (e.g., RFA, transarterial chemoembolization, radioembol-
ization), and systemic therapies (e.g., chemotherapy). The details of treatment are beyond the scope of this text, and
reference can be made to the current AASLD guidelines for further information[11].

Focal hepatic steatosis

Focal hepatic steatosis (FHS), also known as focal hepatosteatosis or focal fatty infiltration, refers to small areas of liver fat
accumulation primarily linked to abnormal hepatopetal venous flow, termed the third inflow, including veins of Sappey,
pancreaticoduodenal vein, and aberrant right and left gastric veins[178]. This condition shares epidemiological factors
with diffuse hepatic steatosis, such as diabetes, obesity, alcohol abuse, and specific medications. Typically found in the
medial segment of the left liver lobe near the porta hepatis or falciform ligament, the gallbladder fossa, and the
subcapsular region[179].

FHS can be distinguished from other lesions by its characteristic location, lack of mass effect, and the presence of
normal vascular structures passing through the lesion. FHS is typically seen as a hyperechoic geographic area on US.
Although FHS appears hypodense on CT, MRI can be quite helpful in cases if CT cannot provide a definitive diagnosis.
On MR], it shows signal drop on out-of-phase T1-weighted images (Figure 15)[180].
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Figure 15 Focal hepatic steatosis. A: Axial T2 weighted magnetic resonance imaging (MRI) shows hyperintensity(arrow) in segment 4A of the liver adjacent to
the falciform ligament and a hyperintense mass lesion (arrowhead); B: Axial fat-suppressed T2 weighted MRI shows the same imaging findings (arrow and
arrowhead); C: Axial in-phase T1 weighted MRI shows hyperintensity in the same area (arrow) and a hypointense mass lesion(arrowhead); D: Axial out-of-phase T1
weighted image shows signal suppression compared to in-phase (arrow); E: Axial pre-contrast fat-suppressed T1 weighted image shows hypointense lesions (arrow
and arrowhead); F: Axial post-contrast fat-suppressed T1 weighted image shows no contrast enhancement in the lesion(arrow) that is consistent with focal hepatic
steatosis. The mass lesion in segment 8 (arrowhead) is consistent with metastasis.

CONCLUSION

The increased utilization of imaging modalities has resulted in a notable rise in the detection of FLLs among asympto-
matic patients. The characterization and management of FLLs can be challenging. Although most FLLs are benign, the
characterization of FLLs is of clinical importance. For instance, HCAs require different management than other benign
liver lesions due to the risk of bleeding and malignant transformation. The evaluation of FLLs should always begin with
obtaining a comprehensive medical history. Physical examination and blood tests are other crucial components that assist
in the diagnosis. ACR Appropriateness Criteria Liver Lesion-Initial Characterization is a guideline, that provides
recommendations based on variants involving different scenarios related to what the next imaging study should be when
a FLL is detected. US is often the first imaging method for FLL characterization, but its sensitivity and specificity are
lower than CT and MRI. Most FLLs can be characterized using contrast-enhanced CT and MRI. Due to recent
advancements in imaging technologies, radiological imaging is sufficient for the proper characterization of FLL in many
cases. Al has the potential to improve early detection of many types of cancer, increase the accuracy of diagnosis, and
reduce the workload. While there is a need for more comprehensive studies on the use of Al in the diagnosis of FLLs,
existing researches indicate that Al has the potential to assist physicians in diagnosing FLLs in their daily clinical practice
in the future. Common benign FLLs include hepatic cysts, PCLD, hydatid cysts, hemangioma, FNH, and HCA, while
malignant FLLs include tumors such as HCC, and ICCA. Management of FLLs is as important as their diagnosis because
of their diverse clinical characteristics. For instance, HCAs, due to the risk of malignant transformation in some subtypes,
and MCNL, where the benign-malignant differentiation cannot be reliably made through imaging methods, are managed
differently from liver lesions such as hemangiomas and FNH that do not require treatment. It has been demonstrated that
HCC surveillance increases the survival of patients by enabling the early detection of HCC in individuals with cirrhosis,
as well as those with chronic hepatitis B infection. After the lesions detected during surveillance are categorized with LI-
RADS, they can be managed according to the recommendations of AASLD. Once a treatment decision is made, FLLs can
be treated with treatment methods such as surgery, percutaneous treatment, and drug therapy.
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