
Introduction

Chronic liver disease (CLD) is a major cause of mortality, 
morbidity, and high healthcare expenditure. In the United 
States, CLD was responsible for more than 54,000 deaths in 
2022 and has a projected economic impact on the healthcare 
system of $1 trillion in 2024.1,2 The clinical management of 
patients with CLD has benefited from the emergence of 
quantitative imaging biomarkers of liver fibrosis, fat, and iron, 
which are used for diagnosis, staging, disease monitoring, and 
treatment response assessment.3 The emergence of non-
invasive MRI and ultrasound techniques to quantitively 
measure and map liver biomarkers has rapidly replaced the 
traditional biopsy procedures in many patient care settings.

In addition to routine clinical MR imaging for the liver, such as 
T1, T2, MRCP, and MRA, Canon offers proton density fat fraction 
(PDFF) and magnetic resonance elastography (MRE) techniques. 
Canon implemented a multi-echo 3D FE sequence in a single 
breath-hold to simultaneously generate in-phase (IP), out-of-
phase (OP), fat-only, water-only images, and quantitative maps 
of liver fat as well as transverse relaxation rate (R2*)1. Clinically 
R2* maps are usually used to estimate liver iron deposition.4 
Similarly, MRE maps can be generated using FE 2D (in 4 
breath-holds) or SE-EPI 2D (in a single breath-hold) acquisitions.

Grayscale and Doppler ultrasound are commonly used in liver 
assessment, as well. Canon offers a quantitative ultrasound liver 
analysis package including shear wave elastography (SWE), shear 

wave dispersion, and attenuation imaging (ATI) which can aid 
in the diagnosis and monitoring of CLD, including metabolic 
dysfunction-associated steatotic liver disease (MASLD) and 
metabolic dysfunction-associated steatohepatitis (MASH).

These case studies demonstrate the capability of multi-
parametric MRI and ultrasound techniques to provide 
comprehensive liver studies at Southwoods Imaging in 
Boardman, Ohio.

Case 1 

History: A 75-year-old male patient was referred to the 
imaging center for a liver MRI. The patient has a history of 
alcoholic cirrhosis. In 2018, he was diagnosed with 
compensated advanced chronic liver disease (cACLD), and in 
2021, progressed to decompensated cirrhosis. Currently, the 
patient is on the liver transplant list.

Imaging Findings: Clinical images were acquired on the 
Canon Galan 3T MRI and Canon Aplio i800 ultrasound 
system. Imaging findings demonstrated the decreased size of 
the right liver lobe with nodular heterogeneous liver surface, 
abdominal ascites, and no focal liver lesions. Portal vein flow 
remains hepatopetal.

MR PDFF and ultrasound ATI scans showed normal liver fat 
(S0) measurements (PDFF average 4.8%, ATI median 0.58 dB/cm/
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MHz), as shown in Figure 1.5,6 Elevated R2* (averaged 185.6/sec) 
was measured, which is usually linked to liver iron overload.7

MRE exams have been implemented using both FE 2D and 
SE-EPI 2D MRE sequences. Due to elevated R2* measurements, 
the amplitude images for the FE 2D acquisition demonstrated 
reduced SNR, which consequently resulted in an unreliable 

stiffness map (Fig. 2, upper row). Ultrasound SWE was 
unreliable (IQR/median [m/s] = 0.36), as well. On the other 
hand, amplitude, wave, and stiffness map images acquired 
from the SE-EPI 2D MRE acquisition were reliable and 
demonstrated elevated liver stiffness measurements consistent 
with advanced fibrosis (Averaged 4.6 kPa, Fig. 2, lower row).
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Figure 1:  Top row: Fat quantification map from the axial mecho FE 3D PDFF scan with normal fat measurements averaged 4.8% and colored map. 
Middle row: Generated transverse relaxation rate R2* and colored maps. The patient demonstrated elevated R2* measurements (shortened T2*) 
averaging 185.6/sec. Bottom row: Grayscale ultrasound showing nodular liver surfaces and ascites. Median ATI measurement was 0.58 dB/cm/MHz, 
which is consistent with PDFF indication of normal liver fat (no steatosis, S0).
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Figure 2:  Top row: FE 2D MRE acquisition demonstrating the reduced SNR in the amplitude (left image) due to elevated R2* measurements (shortened 
T2*), incoherent colored wave (middle image), and unreliable stiffness map (right image). Lower row: a successful MRE exam on the same patient using 
the SE-EPI 2D sequence, demonstrating a significant increase in liver stiffness measurements (Averaged 4.6 kPa).

Case 2 

History: A 40-year-old male patient participated in the study 
for patients at risk for Metabolic dysfunction-associated 
steatotic liver disease (MASLD). The patient has no history of 
liver disease, and is not diabetic, but has a BMI of 35.0.

Imaging Findings: Clinical images were acquired on the 
Canon Galan 3T MRI and Canon Aplio i800 ultrasound system. 
Imaging findings demonstrated that the patient had severe 
steatosis with a median ATI of 0.91 dB/cm/MHZ (S3). Similarly, 
MR PDFF showed elevated liver fat measurements averaging 

33.2%, and normal MR R2* measurements averaged 62.27/sec, 
as shown in Figure 3. MR PDFF and ultrasound ATI results are 
consistent with a finding of severe steatosis (S3).5,8

MRE exams have demonstrated normal stiffness 
measurements using both FE 2D and SE-EPI 2D MRE sequences 
(2.5 kPa and 2.37 kPa, respectively) as shown in Figure 4. 
Similarly, the ultrasound SWE exam demonstrates normal 
measurements (shear wave speed median = 1.20 m/s) (Fig.4). 
Both MRE and ultrasound SWE measurements are within 
normal limits suggesting no or mild fibrosis. Therefore, the 
patient is unlikely to have Metabolic Dysfunction-Associated 
Steatohepatitis (MASH).6,9
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Figure 3:  Top row: Fat quantification map from the axial mecho FE 3D PDFF scan with elevated fat measurements averaged 33.2% and colored map. 
Middle row: Generated transverse relaxation rate R2* and colored maps with normal R2* measurements (62.27/sec). Bottom row: Gray-scale ultrasound 
and median ATI (0.91 dB/cm/MHz) were consistent with a finding of severe steatosis (S3).

Fa
t Q

ua
nt

.
R

2*

A
tt

en
ua

ti
on

 Im
ag

in
g

 (A
TI

)

U
lt

ra
so

un
d



Figure 4:  Example images of the two MRE acquisitions using FE 2D (top row) and SE EPI 2D (middle row) showing the magnitude images (left), colored 
wave images (middle), and colored stiffness maps (right). MRE exams have demonstrated normal stiffness measurements using both sequences (2.5 
kPa and 2.37 kPa, respectively). Bottom row: Ultrasound shear wave elastography results also demonstrated normal liver stiffness (median shear wave 
speed 1.2 m/s).
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Discussion

A comprehensive liver exam was performed on both 
patients. In case #1, the patient has a history of alcoholic liver 
cirrhosis. In addition to the clinical routine liver imaging 
techniques, advanced quantitative imaging biomarkers (e.g., 
PDFF, MRE, SWE, ATI) are critically important for managing such 
liver cases. In case #1, the increase in R2* measurements 
(shortened T2*), explains the unreliable MRE exam using the FE 
2D sequence, as SNR of gradient-echo sequences are more 
susceptible to T2* changes. However, the availability of another 
base sequence for MRE using SE-EPI enabled a successful 
MRE exam to assess liver stiffness. In cases with unreliable 
ultrasound SWE (e.g., high IQR/median), MRE remains an 
effective method for determining liver stiffness non-invasively.3 

In case #2, the patient had no history of liver disease. While 

MRE, ultrasound SWE, and R2* measurements were normal, 
the PDFF and ATI exams demonstrated severe liver fat 
content. This plays a vital role in patient management and 
clinical outcomes. This patient is at risk for the development 
of MASH. Identifying MASLD at an early stage can lead to the 
reversal of the patient’s steatotic liver disease and the 
prevention of progression to MASH.

Conclusion

With the increasing prevalence of CLD, quantitative imaging 
biomarkers of liver fibrosis, fat, and iron are emerging as critical 
tools for patient management. This case study demonstrates 
how Canon’s multi-parametric tools for MRI and ultrasound 
enable confident and comprehensive liver exams. 
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