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Abstract: Background and Objectives: This study aims to compare the efficacy of navigator-gated three-
dimensional T1-weighted gradient-echo sequences (NAV) with standard breath-hold T1-weighted gradient-
echo sequences (BH) in detecting Hepatocellular carcinoma (HCC) nodules in patients with chronic viral
hepatitis undergoing magnetic resonance imaging (MRI) with Gadolinium ethoxybenzyl-
diethylenetriaminepentaacetic acid (Gd-EOB-DTPA). Methods and materials: From May 2022 until November
2023, 58 Fifty-eight patients from the HPB and Transplant Unit at the University Hospital “Policlinico Tor
Vergata” in Rome, Italy, were included in the retrospective study . Eligible patients had chronic viral hepatitis
and at least one hepatic nodule of one cm or larger detected by ultrasound. Each patients underwent an MRI
that included NAV and BH sequences using various flip angles (FA) ranging from 10° to 40° post Gd-EOB-
DTPA administration. Three independent radiologists conducted qualitative analysis (Clearness of the image,
Presence and type of artifacts and Diagnostic reliability) of the sequences, and the contrast-to-noise ratio (CNR)
between lesions and healthy liver, as well as between liver and spleen, was evaluated. Results: NAV sequences
at a FA of 40°, demonstrated the highest agreement across all quality parameters (p<0,001). A comparison of
CNR between hypointense lesions and healthy liver tissue showed decreasing values with increase FA, notably
in NAV sequences. Statistically significant differences were observed among the sequences: BH 10° 0.73+0.17;
BH 30° 0.68+0.17; BH 40° 0.68+0.15; NAV 25° 0.62+0.18; NAV 40° 0.56+0.17. In contrast comparisons between
liver and spleen, the trend indicated an increase in CNR and contrast in sequences with higher FA, with the
differences between BH and NAV at 40° FA not being statistically significant. Conclusion: The study
emphasizes the diagnostic superiority of NAV over BH sequences with a 40° FA in assessing image quality and
enhancement in malignant liver nodules of cirrhotic patients. Incorporating one of these sequences into MRI
protocols is recommended for enhanced diagnostic clarity, which is critical for informed surgical planning.
This could facilitate more precise interventions, potentially improving surgical outcomes in the management
of hepatocellular carcinoma.

Keywords: magnetic resonance; Gadoxetic acid; high resolution navigated 3D; hepatocarcinoma

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202406.1104.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 June 2024 d0i:10.20944/preprints202406.1104.v1

Introduction

Hepatocellular carcinoma (HCC) ranks as the fifth most common cancer globally, with an annual
incidence estimated at 500.000 cases [1] . The diagnosis and staging of HCC are primarily conducted
using contrast-enhanced computed tomography (CECT) and dynamic contrast-enhanced magnetic
resonance (DCE-MRI), as outlined in the latest clinical practice guidelines by the European
Association for the Study of the Liver, the European Organisation for Research and Treatment of
Cancer (EASL-EORTC), and the American Association for the Study of Liver Diseases (AASLD) [2—
4].

Although not mandatory in the international guidelines on HCC management, magnetic
resonance imaging (MRI) with hepatospecific contrast agents has demonstrated higher sensibility
and specificity for the non-invasive detection of HCC nodules compared to contrast-enhanced
ultrasound (CEUS) and CECT [2,4,5]. Moreover, the 2021 Consensus report from the 10th
International Forum for Liver Magnetic Resonance Imaging and earlier the recommendations from
the Japan Society of Hepatology have recognized hepatobiliary-enhanced MRI as a precise method
for diagnosing and staging HCC[6].

MRI has shown superior performance over CT in detecting small lesions, although its sensitivity
remains relatively low at 62% for nodules smaller than 20 mm. Enhancing the diagnostic accuracy of
MRI with Gadolinium ethoxybenzyl-diethylenetriaminepentaacetic acid (Gd-EOB-DTPA) hinges on
using specific sequences during the hepatobiliary phase (HBP), which are critical for improving
lesion detection.

Despite its advantages, the ideal flip angle (FA) for detecting HCC nodules using this method
remains unclear, with ongoing debates and conflicting findings in the current literature [7-11].

This study aims to optimize the hepatobiliary MRI scanning protocol using Gd-EOB-DTPA. It
compares T1l-weighted breath-hold (BH) sequences and free-breathing (or rather triggered)
sequences with different flip angles (FA) from 10° to 40° with high resolution NAV to identify HCC
nodules, based on both qualitative and quantitative analyses.

Accurate imaging is imperative not only for diagnosis but also for surgical planning. Enhancing
the resolution and accuracy of hepatobiliary phase imaging directly impacts the surgical approach to
liver resection and transplantation. Techniques in recipient hepatectomy have evolved to improve
oncological outcomes in liver transplantation for hepatocellular carcinoma, underscoring the
necessity for precise preoperative imaging to guide surgical decisions[12].

Furthermore, the risk of de novo malignancies post-transplant emphasizes the need for
meticulous surgical planning and follow-up, which begins with reliable imaging [13]. The role of
advanced imaging modalities, such as contrast-enhanced intraoperative ultrasound, highlights the
continual integration of dynamic imaging technologies to improve detection and management of
liver lesions during surgeries [5].

Materials and Methods

Patients

From May 2022 until November 2023, Fifty-eight patients from the HPB and Transplant Unit at
the University Hospital “Policlinico Tor Vergata” in Rome, Italy, were included in the retrospective
study. The inclusion criteria for patients were chronic viral hepatitis and at least one hepatic nodule
of one centimeter or greater in diameter, detected by ultrasound in a surveillance program. Exclusion
criteria included a glomerular filtration rate < 30 mL/min and total bilirubin levels exceeding 1.2
mg/dL.

All patients underwent MRI with hepatospecific Gd-EOB-DTPA contrast medium (0,1
mmol/ml) and provided informed consent in accordance with the Declaration of Helsinki.

The images were archived in the RIS-PACS system for re-evaluation.
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Examination Technique

The examinations were conducted using a high-field Achieva 1.5T scanner (Philips Medical
Systems TM, Best, The Netherlands) with a 16-channel surface coil. Patients were positioned supine
and fasted for at least four hours prior to the scanning. The MRI protocol began with the acquisition
of axial T1-weighted gradient-echo (GRE) sequences in both in-phase and out-of-phase, as well as
coronal Half-Fourier Acquisition Single-Shot Turbo-Spin Echo (HASTE) sequences.

Contrast administration involved 0.1 mol/ml Gd-EOB-DTPA at a dosage of 1mL per 10 kg body
weight, delivered at a flow rate of 2 mL/s, followed by a 20 mL saline bolus at a flow rate of 3 mL/s.
T1-weighted spoiled gradient-echo (SPGR) fat-sat volumetric sequences were then captured during
the early arterial (15 seconds), late arterial (35 seconds), portal venous (70 seconds), and equilibrium
phases (150 seconds). Additional imaging included T2-weighted Turbo-Spin Echo (TSE) sequences,
Spectral Adiabatic Inversion Recovery (SPAIR) sequences, and diffusion-weighted imaging on the
axial plane. During the hepatobiliary phase (HBP), occurring between 15 and 25 minutes post-Gd-
EOB-DTPA administration, sequences were acquired as detailed in Table 1.

Table 1. MRI acquisition protocol during hepatobiliary phase following Gd-EOB-DTPA

administration.
Tl-;v;g,;ted T1-weighted T1-weighted T1-weighted T1-weighted
PARAMETERS volumetric fat- SPGR volumetric SPGR volumetric SPGR NAYV free- SPGR NAV free-
fat-sat BH fat-sat BH breathing breathing
sat BH

TR/TE (ms) 3.6/9.1 6.50/3.3 8.00/4.2 10/4.6 10/4.6
MATRIX 180x154 180x154 180x154 224 x121 224 x121
Reconstruction Voxel (mm) 0.71x0.71x2.60 0.71x0.71x2.60 0.71x0.71x2.60  0.98 x 0.98 x 2.50  0.98 x 0.98 x 2.50
AVERAGE DURATION (sec) 16 20 24 200 200
FLIP ANGLE (°) 10 30 40 25 40
Imaging Analysis

The quality and enhancement of images acquired from the three T1-weighted BH sequences
with FA of 10°, 30°, 40° as well as the NAV ones with FA of 25° and 40°, were rigorously evaluated.
Image quality was subjectively assessed using the following parameters:

- Clearness of the image: definition of the edges of examined structures was scored on a scale
from 1 to 5, where 1 represents poor clearness, 2 is sub-optimal, 3 sufficient, 4 good, 5 optimal.

- Presence and type of artifacts: this included respiratory ghosting, aliasing, zebra artifacts, and
pixel granularity, scored from 1 to 4, where 1 indicates severe (not diagnostic images), 2
moderate (modest effects on diagnosis), 3 unsubstantial (no effects on diagnosis) and 4
absent).

- Diagnostic reliability: the radiologist’s confidence in lesion detection was scored from 1 to 5
where 1 denotes poor (impossible diagnosis), 2 sub-optimal (suspected diagnosis), 3 sufficient
(possible diagnosis), 4 good (probable diagnosis), and 5 optimal (definitive diagnosis).

Three regions of interest (ROIs), each approximately 9 mm? were placed in areas of

homogeneous signal intensity (SI) within hypointense focal lesions and in hepatic and splenic
parenchyma. The contrast-to-noise ratio (CNR) was calculated by the formula:

CNR tesion-liver = (SI Hec-S1 tiver parenchyma)/ SD image noise

CNR liver-spleen = (SI liver parenchyma-SI splenic parenchyma)/ SD image noise

There measures served as the absolute parameters for comparing the different sequences
analysed.

The evaluation was conducted independently by three radiologists with 10, 8 and 4 years of
experience in body MRI analysis, who were blinded to the patient’s clinical histories.
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Statistical Analysis

Interobserver agreement regarding the clearness of images, presence of artifacts, and diagnostic
reliability was evaluated using the intraclass correlation coefficient (ICC). The ICC values were
classified as follows:

- slight agreement: ICC <0.2

- fair agreement: ICC 0.2-0.4

- moderate agreement: ICC 0.4-0.6
- good agreement: ICC 0.6-0.8

excellent agreement ICC > 0.8
Agreement levels were determined separately for each imaging sequence (BH 10°, BH 30°, BH
40°, NAV 25° NAV 40°).

The results from each one of the three radiologists were compiled, presenting the mean values
along with standard deviations. The Wilcoxon non-parametric statistical test was employed to
compare each pair of sequences. A p-value of less than 0,05 was considered statistically significant.

Results

Evaluation of Image Quality

Image quality scores assigned by reader 1, reader 2 and reader 3 for both BH and NAV sequences
are documented in Supplementary Tables 1, 2 and 3. Interobserver agreement for image quality
parameters ranged from good to excellent. Notably, the BH sequences with a FA of 40° exhibited the
lowest level of consensus in contrast, the NAV sequences with a 40° flip angle, demonstrated the
highest interobserver agreement across all quality parameters. The ICC for the NAV sequences were
as follows: for clearness, 0.93; for artifacts, 0.71; and for diagnostic reliability respectively 0.79 (as
shown in Table 2).

Table 2. Intraclass correlation coefficient (ICC) statistics results.

ICC - (p value)

CLEARNESS ARTIFACTS DIAGNOSTIC RELIABILITY
BH 10° 0.66 (0.001) 0.62 (0.001) 0.60 (0.001)
BH 30° 0.66 (0.001) 0.64 (0.001) 0.65 (0.001)
BH 40° 0.65 (0.001) 0.40 (0.004) 0.20 (0.020)
NAV 25° 0.79 (0.001) 0.39 (0.031) 0.68 (0.001)
NAV 40° 0.93 (0.001) 0.71 (0.001) 0.79 (0.001)

P-value is reported for each parameter (clearness of the image, artifacts and diagnostic reliability) by comparing
scores given by observers. P-value <0.05 was considered statistically significant. Almost all the values have
reported a statistically significant p-value.

Table 3. Summary statistics for the parameters n°1 (clearness), n°2 (artifacts), and n°3(diagnostic
reliability). Data are expressed as mean and range.

CLEARNESS OF THE IMAGE ARTIFACTS DIAGNOSTIC RELIABILITY

BH 10° 4.23+0.44 3.70+£0.37 429 +043
BH 30° 3.83£0.38 3.26 £ 0.42 4.03 +0.47
BH 40° 3.09+0.39 2.76 +£0.29 3.20+0.33
NAYV 25° 4.23+0.48 3.37 £ 0.36 4.24 +0.48
NAYV 40° 4.62 +£0.52 3.76 £ 0.35 4.77 £0.38

Parameter n°1 (clearness of the image)
All sequences demonstrated good level of image clearness with average score > 4, as detailed
in Table 3. However, the BH sequence ata40° FA was an exception, recording a lower average score
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of 3.09+0.39. NAV sequences obtained better results for this parameter compared to the BH
sequences, as shown in Table 4.

Table 4. Wilcoxon test results.

CLEARNESS OF THE IMAGE ARTIFACTS DIAGNOSTIC RELIABILITY
SEQ P-VALUE SEQ P-VALUE SEQ P-VALUE

BH 10° > BH 30° <0.0001 BH 10° > BH 30° <0.0001 BH 10° > BH 30° <0.0001
BH 10° > BH 40° <0.0001 BH 10° > BH 40° <0.0001 BH 10° > BH 40° <0.0001

NAYV 25° > BH 10° 0.92 BH 10° > NAV 25° <0.0001 BH 10° > NAV 25° 0.19
NAV 40° > BH 10° <0.0001 NAYV 40° > BH 10° 0.09 NAYV 40° >BH 10° <0.0001
BH 30° > BH 40° <0.0001 BH 30° > BH 40° <0.0001 BH 30° > BH 40° <0.0001
NAYV 25° > BH 40° <0.0001 NAYV 25° > BH 40° <0.0001 NAYV 25° > BH 40° <0.0001
NAV 40° > BH 40° <0.0001 NAYV 40° > BH 40° <0.0001 NAYV 40° > BH 40° <0.0001
NAV 40° > NAV 25° <0.0001 NAV 40° > NAV 25° <0.0001 NAV 40° > NAV 25° <0.0001

P-value for each parameter (clearness of the image, artifacts and diagnostic reliability) by comparing MRI
sequences. P-value <0.05 was considered statistically significant. Almost all the values have reported a
statistically significant p-value.

Parameter n°2 (artifacts evaluation)

Artifacts were generally minimal or absent across all sequences, with average scores > 3 (Table
3). The sequences most affected by evident artifacts were the BH 30° and BH 40°. This is likely due
to the longer apnoea required during acquisition, which may have contributed to increased
movement artifacts. Statistical analysis confirmed significant differences among the sequences, as
indicated in Table 4.

Parameter n°3 (diagnostic reliability)

Diagnostic reliability was generally rated as good across all sequences. However, the BH
sequence with FA of 40° was an exception, achieving only a barely sufficient rating, as noted in Table
3.. Statistically significant differences were observed among all sequences, underscoring the variance
in diagnostic confidence provided by each, as detailed in Table 4.

Relative Enhancement Evaluation

Parameter n°1 (comparison Contrast-to-Noise Ratio (CNR) between lesions and healthy liver)

The CNR comparison between hypointense lesions and healthy liver tissue indicated
progressively decreasing values, with increase of contrast enhancement, related to the augmentation
of FA and in NAV sequences with average scores: BH 10° 0.73+0.17; BH 30° 0.68+0.17;, BH 40°
0.68+0.15; NAV 25° 0.62+0.18; NAV 40° 0.56+0.17. Statistically significant differences resulted among
the sequences (Table 5).

Table 5. Wilcoxon test results.

CNR LESION/LIVER
SEQ P-VALUE

BH 10° > BH 30° 0.0002
BH 10° > BH 40° 0.005
BH 10° > NAV 25° 0.0001
BH 10° > NAV 40° 0.0001
BH 30° > BH 40° 0.31
BH 40° > NAV 25° 0.0002
BH 40° > NAV 40° 0.0001
NAYV 25° > NAV 40° 0.0001

CNR LIVER/SPLEEN
SEQ P-VALUE
BH 30° > BH 10° 0.0001

BH 40° > BH 10° 0.0001
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6
NAV 25°>BH 10° 0.0001
NAYV 40° > BH 10° 0.0001
BH 40° > BH 30° 0.0001
NAYV 25° > BH 40° 0.12
NAYV 40° > BH 40° 0.21
NAYV 40° >NAV 25° 0.86

We reported p-value of the contrast-to noise ratio (CNR) between lesions/liver and liver/spleen
for each comparison between MRI sequences. P-value <0.05 was considered statistically significant.
Almost all the values have reported a statistically significant p-value.

Parameter n°2 (CNR between liver and spleen)

The analysis of CNR between liver and spleen revealed an overall increase in CNR and contrast
enhancement in sequences with higher FA and NAV. The average CNR scores were as follows:

e BH10°: 1.58+0.52
e BH30°:2.23+0.82
e DBH40°:2.47+0.84
e NAV25°2.6+0.93
e NAV 40°:2.62+0.86
The comparative analysis indicated that the differences between the BH sequences with an FA
of 40° and NAYV sequences were not statistically significant, as documented in Table 5.

Figures 1 and 2 display representative cases to visually illustrate these findings, providing a
clear view of how different MRI sequences affect the CNR between liver and spleen tissues.

Figure 1. Breath-hold (BH) sequences (flip angle 10° and 30°) (A-B) and free-breathing navigated
sequences (NAV) with flip angle of 25° and 40° (C-D). Free-breathing navigated sequences show a
better enhancement with a higher image contrast compared to Breath-hold (BH) sequences.
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Figure 2. A 56 years-old patient with liver cirrhosis and malignant lesion (arrows). The contrast
between the images is growing in Breath-hold (BH) sequences (A-B) and even greater in those with
free breathing navigated sequences (NAV) (C-D).

Discussion

MR imaging with hepatospecific contrast medium, such as Gd-EOB-DTPA, though not a
mandatory diagnostic tool in the EASL-EORTC and AASLD Guidelines for HCC management, was
highlighted in the 2021 Consensus report from the 10th International Forum for Liver Magnetic
Resonance Imaging as a particularly accurate method for diagnosing and staging HCC [14]. This
technique’s notable strength lies in its ability to detect hepatic nodules smaller than 1 cm, integrating
hepatocytic functional analysis with a detailed vascularization profile. Such capabilities are
indispensable for providing critical diagnostic insights, particularly in cases where typical imaging
hallmarks of HCC are absent, allowing clinicians to spot early and potentially more treatable stages
of the disease [15].

In the pathological progression of HCC nodules, affected hepatocytes undergo significant
changes, primarily losing their ability to express the Organic Anion Transporter Polypeptide (OATP),
crucial for transporting Gd-EOB-DTPA into healthy hepatocyte[15,16]. As this transport mechanism
fails in HCC, the nodules exhibit a hypointense appearance in contrast to the surrounding healthy
liver parenchymal[17,18], which intercepts approximately 50% of Gd-EOB-DTPA administered and
eliminates it through bile [19-21]. The distinct difference in uptake and excretion facilitates stark
contrast, pivotal for accurate lesion identification. Studies have shown that HBP imaging, when
combined with dynamic phases, yelds a higher accuracy than HBP alone [22-24].  The integration
of these methods has shown a sensitivity of 91.9% and a specificity of 90%, marking a significant
advancement in diagnostic capabilities for liver nodules[25].

Furthermore, early-stage HCC, particularly those lacking sufficient arterial neovascularization,
presents uniquely in HBP imaging as hypointense, as reported by Kim et al. This characteristic
underlines the indispensable role of HBP imaging in scenarios where conventional vascular profiles
used to indicate malignancy are absent. [26]. The hypointensity in HPB has been identified as a strong
marker of malignancy in atypical cirrhotic nodules [22]. Additionally, longitudinal studies, like those
by Sano et al, suggest that hypointense nodules in HPB may evolve into hypervascular HCC upon
follow-up, indicating that loss of OATP transporters may precede arterialization, making
hypointensity in HBP a potential marker of malignancy and a predictive factor [27].
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Optimized sequences, especially in HBP, are crucial for detecting suspected nodules. Unlike
dynamic studies that require rapid acquisition, the contrast medium in HBP is in a pseudo-steady
state, allowing for longer acquisition times in NAYV sequences without being a limitation [28,29] .
NAV sequences provide superior image clearness and the high spatial resolution necessary for multi-
planar image reconstruction. Techniques like Maximum Intensity Projection (MIP) and minimum
Intensity Projection (minIP) can distinguish small lesions from vessels [30,31].

Our findings confirm that NAV sequences offer greater diagnostic reliability compared to BH
ones, particularly in terms of the radiologist’s confidence in detecting lesions. Additionally, BH
sequences, especially those with FA of 30° and 40°, tended to have more due to the prolonged
acquisition times and to the need for extended apnoea. This underscores the advantage of free-breath
sequences, which are especially beneficial for poor cooperative patients, those who can only sustain
short breath-holds, children, and sedated patients [32], resulting in significantly fewer artifacts
(respiratory ghosting, aliasing, zebra artifact, shading, pixel granularity). Our results demonstrate an
almost complete absence of artifacts with the exception of NAV sequences with FA of 40° in which
small artifacts were perceivable.

Kuhn et al. observed that while post-contrast image signal intensity in liver parenchyma
increases with FA, saturation artifacts worsen with higher NAV FA[33]. Our study aimed to
determine the optimal FA for volumetric T1-weighted free-breathing sequences during HBP by
comparing FA values up to 40°. The results, aligned with those from Nagle et all., indicated that
sequences with an FA of 40° provide superior diagnostic quality, particularly those high-resolution
NAV [30]. NAV sequences exhibited higher image contrast (measured as signal-to-noise ratio
between liver and spleen, and liver and hypointense lesions) with the ratio increasing progressively
with FA, achieving maximum results at 40°.

A technical limitation of our study was that NAV sequences were acquired after BH sequences,
potentially leading to variations in lesion conspicuity due to different acquisition times and delayed
excretion times, especially relevant in a population with dysfunctional livers.

This is critical for surgical planning as accurate lesion mapping can significantly influence the
strategy for resection or transplantation, with direct implications on patient outcomes and the
potential for complete tumor removal [5,12,13]. As surgical techniques evolve, particularly with the
integration of robotic and laparoscopic approaches, the precision of preoperative imaging becomes
even more crucial, underscoring the importance of continued advancements in MRI technology
[5,12,13].

By enhancing the resolution and accuracy of hepatobiliary phase imaging, we can directly
impact surgical approaches to liver resection and transplantation, optimizing patient outcomes and
surgical precision in the management of HCC. This synergy between advanced imaging techniques
and surgical innovation is key to improving the prognosis and treatment strategies for patients with
hepatocellular carcinoma.

Conclusion

The findings from our study highlight the diagnostic superiority of NAV sequences over
traditional BH ones in terms of image quality and relative enhancement, particularly during delayed
HBP imaging with Gd-EOB-DTPA. Enhance image quality in this phase, combined with information
from standard sequences, significantly boosts the radiologist’s confidence in formulating a diagnosis.
Thus, for clinical applications, NAV sequences should be the preferred choice over BH ones,
irrespective of the radiologist’s level of experience. Specifically, sequences with 40° FA during the
HBP are recommended for inclusion in MRI protocols aimed at to identifing small HCC nodules.
These sequences are especially beneficial for patients with limited BH capacity or those who are
uncooperative, as they still deliver images with adequate diagnostic resolution and comprehensive
anatomic coverage without significant increasing scan times.

The clinical relevance of this finding extends significantly into the surgical domain. The ability
to accurately map and characterize liver lesions prior to surgical intervention is paramount. The high
diagnostic quality of NAV sequences facilitates precise preoperative planning and can influence the


https://doi.org/10.20944/preprints202406.1104.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 June 2024 d0i:10.20944/preprints202406.1104.v1

surgical strategy, potentially impacting the choice between resection and transplantation. The
detailed visualization of small and early-stage nodules allows surgeons to tailor their approaches,
possibly opting for less invasive techniques or more precise resections, which could result in better
preservation of liver function and improved patient outcomes.

Moreover, the utility of NAV sequences in patients who cannot maintain prolonged breath-
holds (such as children, the elderly, or those in acute liver failure) ensures that high-quality diagnostic
imaging is accessible to a broader patient demographic. This inclusivity is crucial for equitable
healthcare delivery, particularly in managing a disease as complex and varied as hepatocellular
carcinoma.

The integration of 40° FA NAV sequences into routine HBP MRI protocols not only enhances
diagnostic accuracy but also enriches surgical planning and intervention strategies. This synergy
between radiology and surgery underscores the importance of continuous technological
advancements in MRI to improve overall treatment paradigms for HCC. Such collaborative efforts
between imaging specialists and surgeons are essential for advancing patient care and optimizing
outcomes in hepatobiliary medicine.
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