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Abstract

Magnetic Resonance Imaging (MRI) has emerged as a critical imaging technique for diagnosing and characterizing hepatic 
focal lesions. Its ability to provide rich anatomical information, multiparametric imaging, and functional evaluation has sig-
nificantly advanced the field of hepatology. This review article offers an overview of the state of the art of MRI in identifying 
hepatic focal lesions. The imaging techniques, protocols, and specific MRI features that contribute to the accurate diagnosis 
and characterization of these lesions are discussed. Additionally, emerging technologies and future perspectives in this rapidly 
evolving field are explored.
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The Current State of the Art in the Diagnosis of Hepatic Focal Lesions Using 
Magnetic Resonance Imaging

Introduction
Hepatic focal lesions are common clinical findings with di-
verse etiologies and varying clinical implications. Accurate di-
agnosis and characterization of these lesions are crucial for ap-
propriate patient management [1]. Compared to other imaging 
modalities, MRI offers several advantages [2], including high 
soft tissue contrast, lack of ionizing radiation, and multiplanar 
imaging capabilities, making it an excellent choice for evaluat-
ing hepatic focal lesions. 
Recent years have seen tremendous advancements in MRI tech-
niques for imaging the liver. The integration of new sequences 
and the use of liver-specific contrast agents have significantly 
improved MRI's ability to detect and characterize hepatic focal 
lesions. This article offers a comprehensive review of the state 
of the art of MRI in diagnosing hepatic focal lesions.

MRI Techniques for Hepatic Imaging
Multiple MRI techniques are employed in the diagnosis of 
hepatic focal lesions, each providing complementary informa-
tion:
T1-Weighted Imaging (T1WI)
T1WI provides anatomical information and is useful for de-
tecting fat-containing lesions [3]. T1WI performed with in-
phase and opposed-phase imaging can help differentiate fat-
containing lesions like adenomas from non-fatty lesions.
T2-Weighted Imaging (T2WI) 
T2WI displays differences in tissue water content, with higher 
fluid content showing increased signal intensity [4]. It is valu-
able in assessing lesion morphology.
Diffusion-Weighted Imaging (DWI)
DWI depicts differences in the diffusion of water molecules in 

tissues [5]. Malignant lesions typically demonstrate lower ap-
parent diffusion coefficient (ADC) values compared to benign 
lesions. DWI improves detection of small hepatic lesions.
Contrast-Enhanced MRI
Extracellular contrast agents containing gadolinium are used 
to assess tumor vascularity and enhancement patterns [6]. Dy-
namic contrast-enhanced MRI provides information about le-
sion perfusion and aids characterization.
Hepatobiliary Phase Imaging
Hepatobiliary agents (gadoxetic acid and gadobenate dimeglu-
mine) are taken up by functioning hepatocytes, improving de-
tection of small hepatic lesions [7].
Common Hepatic Focal Lesions and their MRI Features 
Various hepatic focal lesions demonstrate characteristic MRI 
findings that enable accurate diagnosis [8].
Hepatocellular Carcinoma (HCC)
On MRI, HCC typically appears hypointense on T1WI and 
mildly hyperintense on T2WI, with arterial phase enhancement 
and washout on subsequent phases [9]. Small HCCs are better 
characterized with hepatobiliary agents.
Hepatic Metastases 
Metastases are usually hypointense on T1WI and hyperin-
tense on T2WI, with peripheral ring enhancement on contrast-
enhanced MRI [10]. Sensitivity is increased with diffusion-
weighted and hepatobiliary phase imaging.
Focal Nodular Hyperplasia (FNH)
FNH lesions demonstrate T2 hyperintensity with a central scar 
showing T2 hypo-intensity [11]. After contrast administration, 
FNH shows brisk arterial enhancement with delayed central 
scar enhancement.
Hepatic Hemangioma 
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Hemangiomas are markedly hyperintense on T2WI and show 
peripheral nodular enhancement filling centripetally on con-
trast-enhanced MRI [12].
Liver Abscess
Abscesses appear hypointense on T1WI and hyperintense on 
T2WI, with rim enhancement on contrast MRI [13]. DWI 
shows diffusion restriction.
Cystic Lesions
Simple cysts are homogeneously hyperintense on T2WI and do 
not enhance with contrast agents [14]. Hemorrhagic or protein-
aceous cysts may show variable signal intensities.
Advanced MRI Techniques
Advanced MRI techniques provide additional diagnostic and 
quantitative information to further characterize hepatic lesions 
[15].
Diffusion Tensor Imaging (DTI)
DTI assesses the directionality of water diffusion. It has shown 
promise in distinguishing malignant from benign lesions and 
predicting tumor grade [16].
Magnetic Resonance Elastography (MRE)
MRE measures tissue stiffness non-invasively. It can charac-
terize lesions based on stiffness and aid in early detection of 
fibrosis [17].
Spectroscopy
MR spectroscopy analysis biochemical information reflecting 
metabolic changes in tissues. Preliminary studies show its po-
tential for differentiating hepatic tumors [18].
Perfusion Imaging 
Perfusion MRI quantifies tissue perfusion. It has been utilized 
to assess vascularity of hepatic lesions and treatment response 
[19].
Imaging Challenges and Emerging Technologies
While MRI has greatly impacted hepatic focal lesion diagno-
sis, several challenges remain. Ongoing research aims to ad-
dress these challenges through emerging technologies.
Small Lesion Detection
Detecting small hepatic lesions (<1 cm) has been a diagnostic 
limitation of MRI. Novel techniques like diffusion-weighted 
imaging (DWI) [20], hepatobiliary agents [21], and high-field 
imaging [22] are improving small lesion conspicuity.
Artifacts and Pitfalls
MRI artifacts can mimic or obscure hepatic lesions. Techniques 
such as respiratory triggering/breath-holding and improved 
shimming algorithms help reduce artifacts [23].
Emerging Technologies 
• MR Fingerprinting: Provides simultaneous assess-
ment of multiple tissue parameters for improved lesion charac-
terization [24].
• Radiomics: High-throughput extraction of quantita-
tive imaging features combined with machine learning for en-
hanced diagnostic accuracy [25].

Role of MRI in Interventional Procedures
MRI plays an integral role in guiding biopsy and ablation pro-
cedures for hepatic lesions [26].
MRI-Guided Biopsies
Allow accurate needle placement in challenging lesions not 
amenable to US guidance. MRI helps avoid intervening ves-
sels/bile ducts [27].
MRI-guided Ablation Techniques 
MRI thermometry enables real-time monitoring of the ablation 
zone during procedures like radiofrequency ablation (RFA) 
and microwave ablation with temperature-sensitive sequences 
[28]. This enhances ablation adequacy.

Recommendations
To further enhance the utility of MRI in diagnosing hepatic 
focal lesions, several recommendations can be made based on 
this state-of-the-art review:
• Standardization of imaging protocols through consen-
sus guidelines should be pursued to ensure consistency across 
institutions [29].
• Integration of advanced techniques like DTI, MRE, 
and perfusion MRI into routine clinical protocols needs further 
investigation to improve lesion characterization [30].  
• Validation of emerging technologies such as MR fin-
gerprinting and radiomics via large-scale studies is necessary 
before widespread implementation [31].
• Research on AI and machine learning applications for 
automated lesion detection and diagnosis should continue [32].
• A multidisciplinary approach between radiologists, 
hepatologists, and surgeons is key for optimal hepatic lesion 
management [33].
• Education programs on advances in hepatic MRI 
should be supported to enhance radiologists' interpretive skills 
[34].
• Long-term outcome studies are needed to determine 
MRI's impact on prognosis and treatment response [35]. 
• Cost-effectiveness analyses will assist in justifying 
the increasing utilization of MRI for hepatic lesions [36].

Conclusion
This review presented an overview of the state of the art of MRI 
in diagnosing hepatic focal lesions, highlighting the critical 
role of MRI in accurate lesion identification, characterization, 
and clinical management in hepatology. MRI provides unparal-
leled soft tissue contrast and multiparametric capabilities. Re-
cent advances such as new sequences, quantitative techniques, 
and hepatocyte-specific contrast agents have greatly enhanced 
MRI's diagnostic performance. However, challenges remain, 
including small lesion detection and MRI artifacts. Emerging 
technologies like MR fingerprinting and radiomics show prom-
ise in addressing these limitations. MRI plays an indispens-
able role in guiding biopsy and ablation procedures for hepatic 
lesions. Going forward, efforts should focus on standardizing 
MRI protocols, validating new technologies, harnessing ma-
chine learning, and strengthening interdisciplinary collabora-
tion to further improve patient care. While limitations exist, 
MRI remains an indispensable and continually evolving imag-
ing tool in the diagnosis of hepatic focal lesions.
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