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Summary

Background: Retrospective studies report that visualisation of the liver may be severely 

limited using ultrasound (US), potentially contributing to diminished sensitivity for detection of 

hepatocellular carcinoma (HCC) among patients with nonalcoholic fatty liver disease (NAFLD) 

and cirrhosis, but there are limited prospective data.

Aims: To compare liver visualisation scores prospectively for US and abbreviated hepatobiliary 

phase (HBP) magnetic resonance imaging (AMRI) in a cohort of participants with NAFLD 

cirrhosis and a clinical indication for HCC surveillance.

Methods: This prospective multicenter study included 54 consecutive participants (67% women) 

with NAFLD cirrhosis who underwent contemporaneous US as well as HBP-AMRI with 

gadoxetic acid. Primary outcome was the proportion of imaging examinations with severe 

limitations in liver visualisation (visualisation score C) compared head-to-head between US and 

AMRI.

Results: The mean (± standard deviation) age was 63.3 years (±8.4) and body mass index 

was 32.0 kg/m2 (±6.0). Nineteen participants (35%) had severe visualisation limitations on US, 

compared with 10 (19%) with AMRI, p < 0.0001. Nine (17%) participants had <90% of the liver 

visualised on US, compared with only 1 (2%) participant with AMRI, p < 0.0001. Obesity was a 

strong and independent predictor for severe visualisation limitation on US (OR 5.1, CI 1.1–23.1, p 
= 0.03), after adjustment for age, sex and ethnicity.

Conclusion: More than one-third of participants with NAFLD cirrhosis had severe visualisation 

limitations on US for HCC screening, compared with one-sixth on AMRI. US adequacy should 

be reported in all clinical studies and when suboptimal then AMRI may be considered for HCC 

screening.

1 | INTRODUCTION

One-quarter of the global population has nonalcoholic fatty liver disease (NAFLD).1 

NAFLD encompasses nonalcoholic fatty liver and nonalcoholic steatohepatitis (NASH), 

which is the inflammatory form of NAFLD that can progress to cirrhosis and hepatocellular 

carcinoma (HCC).2,3 Within the U.S., NAFLD-related HCC is the fastest-growing cause of 

HCC, and its incidence is projected to increase by more than 120% in the next decade, 

compounded by the lack of effective therapies for NASH.4–7 Worryingly, NAFLD-related 

HCC tends to be diagnosed at a later stage and may be associated with worse survival 

compared with viral-associated HCC.8
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To reduce mortality associated with HCC, major society guidelines recommend that 

patients with cirrhosis should undergo surveillance using ultrasound (US) every 6 months 

with the aim of detecting HCC at an early stage to facilitate curative therapy.9–12 This 

recommendation is based in part on a prospective randomised clinical trial performed in 

an at-risk population in Shanghai, China, which found that surveillance with US and alpha-

fetoprotein every 6 months reduced HCC mortality by 37%.13 However, most participants 

in this Shanghai study did not have cirrhosis or obesity, hence it is unclear if these 

findings can be applied to patients with NAFLD cirrhosis, in whom body habitus and 

heterogeneous hepatic echotexture might limit liver visualisation.14 A meta-analysis of 32 

studies determined that the sensitivity of US for early stage (defined as within the Milan 

criteria) HCC among patients with cirrhosis was only 47%.15 Multiple retrospective studies 

have highlighted that patients with NAFLD cirrhosis, and those with obesity are at higher 

risk for inadequate visualisation on US surveillance compared those with cirrhosis from 

other etiologies of liver disease.16–18

A promising alternative method for HCC surveillance in NAFLD cirrhosis is hepatobiliary 

phase (HBP)-abbreviated gadoxetate-enhanced magnetic resonance imaging (referred to 

hereafter as AMRI). Utilising only a small set of images (T1-weighted images, T2-weighted 

images, plus/minus diffusion-weighted imaging) acquired during the HBP, this method 

comprises about a third of the sequences typically performed in a full diagnostic liver 

MRI.19 Several simulated retrospective studies have suggested that AMRI provides adequate 

liver visualisation more frequently than US, but a prospective, head-to-head comparative 

study is lacking.17,20–24 The purpose of this multicenter prospective study was to compare 

visualisation quality between US versus AMRI performed head-to-head for HCC screening 

among well-characterized participants with NAFLD cirrhosis. Metrics of visualisation 

quality included visualisation score and Liver entirety index.

2 | METHODS

2.1 | Study design

This is a longitudinal multicenter prospective study derived from a well-characterized 

cohort with NAFLD cirrhosis. This study included 54 consecutive well-phenotyped patients 

recruited from the Naval Medical Center San Diego and the University of California, San 

Diego (UCSD) who underwent detailed standardised research visits that included history, 

physical examination, biochemical validation, transient elastography, US and advanced 

imaging at the NAFLD Research Center, UCSD and Naval Medical Center San Diego from 

February 2019 through July 2021. NAFLD was assessed and quantified by MRI-estimated 

proton density fat fraction (PDFF), while fibrosis was quantified by vibration controlled 

transient elastography (VCTE) plus/minus MR-elastography (MRE). All patients completed 

written informed consent prior to enrollment.

2.2 | Inclusion and exclusion criteria

Patients ≥18 years of age with NAFLD cirrhosis, a clinical indication for HCC screening/

surveillance, and written informed consent were included. NAFLD was defined by a 

known history of NAFLD based on either histology or imaging, after exclusion of other 
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etiologies of liver diseases and secondary causes for steatosis based upon AASLD Practice 

Guidance.25 The current study is part of a larger ongoing study (NCT04288323) which 

aims to evaluate the diagnostic performance of AMRI versus US among participants 

with a clinical indication for HCC surveillance including hepatitis B and cirrhosis 

due to all etiologies. Cirrhosis was defined based on histology or imaging evidence 

of cirrhosis via ultrasound, computed tomography (CT) or MRI, including: left and 

caudate lobe enlargement with right lobe shrinkage, gallbladder fossa expansion, blunt 

liver edge, irregular or nodular liver surface; presence of portal hypertension, along with 

associated features including reversal of portal flow, splenomegaly, splenic vein dilation and 

ascites.26,27

Participants meeting any of the following criteria were excluded from the study: significant 

alcohol consumption (≥14 drinks/week for men or ≥7 drinks/week for women) within 

the previous 2-year period; known hepatocellular carcinoma prior to enrollment; clinical 

or laboratory evidence of secondary causes associated with hepatic steatosis including 

nutritional disorders, HIV infection and use of steatogenic drugs such as amiodarone, 

glucocorticoids, methotrexate, L-asparaginase and valproic acid; active substance use; 

underlying liver disease other than NAFLD such as viral hepatitis (assessed with serum 

hepatitis B surface antigen and hepatitis C RNA assays), hemochromatosis, Wilson’s 

disease, alpha-1 antitrypsin deficiency, glycogen storage disease, autoimmune hepatitis 

and cholestatic or vascular liver disease; any contraindications to MRI including metallic 

implants, claustrophobia and body circumference exceeding the imaging chamber capacity; 

known allergy to any gadolinium agent; bilirubin >3 mg/dl; known or suspected nephrogenic 

systemic sclerosis; serum creatinine >1.5 gm/dl if diabetic, or >2 gm/dl if not diabetic within 

6 weeks prior to AMRI; eGFR measurement <30 within 6 weeks prior to AMRI; pregnancy.

2.3 | Clinical research evaluation visit

All participants underwent a standardised clinical evaluation at baseline, including a detailed 

history, anthropometric exam and laboratory investigations at the UCSD NAFLD Research 

Center. A trained clinical investigator documented information including age, sex, height, 

weight, BMI and ethnicity. Alcohol intake history was verified with the Alcohol Use 

Disorders Identification Test and the Skinner questionnaire. Other causes of liver diseases 

and hepatic steatosis were ruled out based on history and laboratory tests. Participants 

were instructed to fast for a minimum of 8 h prior to laboratory tests and VCTE. Clinical 

investigators were blinded to imaging results.

2.4 | Imaging assessment

As shown in Figure S1, enrolled participants underwent an outpatient imaging visit within 

8 weeks of the clinical research visit. US and AMRI were performed either at the NAFLD 

Research Center, UCSD or Balboa Naval Medical Center, San Diego, respectively.

2.4.1 | AMRI protocol—MR imaging was performed at 3T (GE Signa EXCITE HDxt, 

GE Healthcare, Waukesha, WI) or at 3T (Philips Ingenia 3.0T, Philips Healthcare, Best, 

Netherlands) (Table S1). A weight-based dose of gadoxetic acid (0.025 mmol/kg) was 

administered outside the scan room. About 20 min later, participants underwent an MRI 
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exam comprising a T1-weighted (T1w) fat-suppressed 3D gradient-echo sequence in the 

HBP, a T2-weighted (T2w) single-shot fast spin-echo (SSFSE) sequence, and at UCSD only 

a diffusion-weighted imaging (DWI) sequence. Additionally, at UCSD only 2D spin-echo 

magnetic resonance elastography (MRE) was performed to measure liver stiffness. MRE 

stiffness measurements were made offline by trained analysts in the UC San Diego Liver 

Imaging Group.

2.4.2 | US protocol—Two trained sonographers at each study site followed the study 

procedure manual and performed US exams as specified in the Liver Imaging Reporting 

and Data System (LI-RADS) protocol for US acquisition.28 Accordingly, sonographers 

attempted to visualise and capture complete cinematic sweeps of the left and right hepatic 

lobes in their entirety in both the sagittal and transverse planes. Representative static images 

of both lobes in both planes were also collected.

2.5 | Quality of imaging exam assessment criteria

A single abdominal fellowship-trained radiologist with 5 years of post-training experience 

reviewed all AMRI and US examinations, blinded to all information except that the 

participants had chronic liver disease and that imaging was performed for HCC screening. 

The AMRI and US were reviewed in separate imaging sessions without cross-reference. The 

radiologist assigned two separate scores, defined below, for each examination.

2.5.1 | Visualisation score—We utilised the LI-RADS visualisation scoring system for 

US and a similar, previously described, visualisation score for AMRI.16,19,28 Visualisation 

score A refers to minimal or no limitations to visualisation that are unlikely to obscure 

masses smaller than 1 cm, B refers to moderate limitations that may reduce detection 

of lesions that are smaller than 1 cm and C refers to severe limitations that may reduce 

detection of lesions of any size(Table S2).

2.5.2 | Liver entirety index—To capture the proportion of the liver volume seen on the 

exam, we created a Liver entirety index, defined as the percentage of the liver seen on a 

particular imaging examination. For this sub-analysis, the score was dichotomized to ≥90% 

of the liver seen versus <90% of the liver seen.

2.6 | Outcome measures

The primary outcome of this study was the proportion of exams with severe visualisation 

limitations (i.e., Liver Visualisation Score of C), compared head-to-head between US and 

AMRI.

The secondary outcome was the proportion of exams with <90% of the liver seen (i.e., Liver 

entirety index <90%), compared head-to-head between US and AMRI.

Descriptive statistics of participant demographic, laboratory, histological and imaging 

characteristics were presented at baseline and dichotomized by the presence of US 

visualisation score C versus A or B. Baseline categorical variables were compared with 

chi-square or Fisher’s exact test, and continuous variables were compared using t-test 

or Wilcoxon two-sample test where appropriate. Visualisation scores and dichotomized 
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Liver entirety indices between US and AMRI were compared using the symmetry test and 

McNemar’s test respectively. Logistic regression analyses, unadjusted as well as adjusted 

for age, sex and ethnicity, were conducted to assess for the odds of severe limitations to 

visualisation on US in obese participants, as we hypothesised that obesity (defined as BMI 

≥30 kg/m2) would be an independent predictor for inadequate visualisation on US.

Sample-size estimation was performed a priori. We hypothesised that 35% and 10% 

respectively of the US and AMRI scans would have severe limitations in liver visualisation, 

and the correlation between paired observation would be 20%. Power analysis revealed 

that the study would require a sample size of 43 pairs to achieve a power of 80% and a two-

sided significance of 5% for detecting a difference of −0.25 between marginal proportions. 

Therefore, we had adequate power to detect a difference in the proportion of severely limited 

exams between US and AMRI.

Statistical significance was defined as a two-tailed P-value of ≤0.05. All statistical analyses 

were performed on SAS, version 9.4 (SAS Institute, Cary, North Carolina).

3 | RESULTS

3.1 | Characteristics of the study population

A total of 54 consecutive participants with NAFLD cirrhosis who underwent 

contemporaneous US and AMRI were included (Figure S1). Mean age (±SD) was 63.3 

years (±8.4) and the mean body mass index (BMI) (±SD) was 32.0 kg/m2 (±5.9). 67% were 

female, 47% were Hispanic, 59% were diabetic (Table 1). The mean platelet count (SD) 

was 148.8 (±76.5) and the mean MELD score was 6.5 (±4.1). The baseline mean (±SD) 

MRE value was 5.4 kPA (±2.1) and mean (±SD) vibration controlled transient elastography 

(VCTE) value was 18.7 (±12.2).

3.2 | Primary outcome: Severe visualisation limitations of US versus AMRI

The proportion of participants with severe visualisation limitations (visualisation score of 

C) was higher on US than AMRI, 35% versus 19%, p < 0.0001 (Figure 1). The number 

(%) of participants with Visualisation scores A, B and C on US was 1 (2%), 34 (63%) 

and 19 (35%), and on AMRI was 22 (41%), 22 (41%) and 10 (19%), p < 0.0001, 

respectively (Table S3). Among the 19 patients with severe visualisation limitations on US, 

only 5 patients (26%) had severe visualisation limitations on AMRI. In contrast, out of 10 

patients with severe visualisation limitations on AMRI, 5 patients (50%) also had severe 

visualisation limitations on US. Participants with severe visualisation limitations on US had 

more advanced liver disease, as evidenced by a lower platelet count (112 vs. 170, p = 0.009), 

higher INR (1.3 vs. 1.2, p = 0.04), lower albumin (3.9 g/dl vs. 4.4 g/dl, p = 0.005) and higher 

VCTE value (22.1 kPA vs. 17.1 kPA, p = 0.03) when compared with those without severe 

visualisation limitations (Table 1). Other demographic factors such as age, gender, BMI and 

baseline level of tumour markers were similar in both groups.

Participants with severe visualisation limitations on AMRI had more advanced liver disease 

versus participants without severe visualisation limitations, with a higher MELD, lower 

platelet count and higher MRE values (Table S4).
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3.3 | Liver entirety index on US versus AMRI

The proportion of participants with Liver entirety index <90% on US versus AMRI was 

17% (9/54) versus 2% (2/54), p < 0.0001 (Figure 2 and Table S5). Baseline demographics, 

laboratory data, imaging results and tumour markers between participants with a Liver 

entirety index <90% versus ≥90% on US were similar (Table S6).

3.4 | Sensitivity analysis

Among NAFLD cirrhosis participants with obesity, 14 out of 31 participants (45%) had 

severe limitations to visualisation on US, compared to 5 out of 23 (22%) of participants 

without obesity, p = 0.07. By contrast, only 23% of obese participants had severe limitations 

to visualisation on AMRI versus 45% on US, p = 0.07. Obesity was a strong and 

independent predictor for severe limitations to visualisation on US (adjusted OR 5.10, CI 

1.12–23.13, p = 0.03) after adjustment for age, sex and ethnicity (Table 2). MELD score 

was not a significant predictor for severe limitations to visualisation on US (OR 1.13, CI 

0.97–1.32). Obesity was not an independent predictor for severe visualisation limitations on 

AMRI (adjusted OR 2.14, CI 0.39–11.70, p = 0.38) (Table S7).

4 | DISCUSSION

4.1 | Main findings

Utilising a well-characterized cohort of patients with NAFLD cirrhosis, we demonstrate that 

AMRI is significantly better than US in providing an optimal screening assessment for HCC 

among patients with NAFLD cirrhosis. In this prospective, multicenter head-to-head study 

of US versus AMRI for HCC surveillance conducted in participants with NAFLD cirrhosis, 

more than a third of patients with NAFLD cirrhosis had severe visualisation limitations 

on US but only one-sixth had severe visualisation limitations on AMRI. In multivariable-

adjusted analyses, adjusted for age, sex and ethnicity, participants with obesity were five 

times more likely to have severe visualisation limitations on US scan. In contrast, obesity 

did not predict severe visualisation limitations on AMRI. These data suggest that obese 

patients with NAFLD cirrhosis have a high frequency of severe visualisation limitations on 

US exams and should be considered for alternative strategies, such as AMRI.

4.2 | In context with current literature

This prospective study validates findings from previous retrospective studies, which found 

that patients with NAFLD cirrhosis and obesity are at high risk for severe visualisation 

limitations with US.16–18 Recently, Schoenberger and colleagues conducted a large 

retrospective study of 2,053 patients with cirrhosis from two health systems in the U.S. 

and determined that patients with NAFLD cirrhosis had the largest proportion with severe 

visualisation limitations on US (35/369 [9.5%]), compared with other etiologies of liver 

disease.16 Our study reported even higher rates of severe visualisation limitations when 

using US(35%) among participants with NAFLD cirrhosis, possibly due to the high mean 

BMI in our study (31.8 kg/m2 versus 29.3 kg/m2 in the Schoenberger study). In addition, 

the images in our study were reviewed by a board-certified radiologist specifically to assess 
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visualisation scores in contrast to the study by Schoenberger where the visualisation scores 

were retrospectively obtained from clinical radiology reports by variable radiologists.

A retrospective study of the hepatobiliary phase among patients with chronic liver disease 

who underwent HCC screening using gadoxetic MRI revealed that 15% of patients had 

suboptimal hepatobiliary phases29 to detect HCC. This study was conducted among patients 

with chronic liver disease in general and was not specific to NAFLD cirrhosis. The patient’s 

scans were dichotomized into only two categories: adequate or suboptimal. Our study had 

a higher proportion (19%) of AMRI scans with severe visualisation limitations, which is 

unsurprising given that all participants in our study had cirrhosis.

The four-fold novelty of this study includes prospective study design, head-to-head 

comparison between US and AMRI in all participants, detailed clinical phenotyping 

and well-characterized cohort of patients with NAFLD cirrhosis. We acknowledge the 

following limitations of this study. First, the study focused on patients with NAFLD 

cirrhosis, however, patients with other etiologies of liver disease may also have suboptimal 

visualisation on US, especially if they are obese. Second, the participants in this study all 

came from the U.S., therefore it is unclear if these findings are generalisable to patients from 

other countries and ethnicities. Thirdly, US assessment is operator dependent, and potential 

interpretation bias cannot be excluded. However, we utilised two experienced sonographers 

with several years of clinical experience in liver ultrasound imaging at each site to mitigate 

this. Fourthly, we did not specifically study the impact of visualisation on detection nor 

whether visualisation scores are stable longitudinally in the same patients. Finally, we did 

not perform the assessment for Child-Pugh score during the prospective clinical research 

visits, however, we utilised the MELD score as an objective indicator for the severity of 

cirrhosis.

4.3 | Implications on future research

This study suggests that AMRI provides better visualisation than US, both in terms of 

visualisation scores and the ability to view the liver in its entirety. Larger, multicenter 

studies are required to validate these findings. In addition, while cost-effectiveness studies 

have indicated that AMRI may be cost-effective for HCC surveillance, cost-effective studies 

specifically comparing US versus AMRI in NAFLD cirrhosis are required.30,31

5 | CONCLUSIONS

In summary, our prospective, multicenter head-to-head comparative efficacy study 

demonstrates that more than a third of patients with NAFLD cirrhosis have severe 

visualisation limitations on US but only one-sixth have severe visualisation limitations 

on AMRI. Patients with obesity are five times more likely than non-obese patients to 

have severe visualisation limitations on US, after adjustment for age, sex and ethnicity. 

Further research is needed to define the impact of visualisation limitations on diagnostic 

performance and to examine the potential benefits of performing alternative imaging such as 

AMRI when US is severely limited. US adequacy should be reported in all clinical studies 

for patients with NAFLD cirrhosis and when suboptimal then AMRI may be considered for 

HCC screening.
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Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Severe visualisation limitations on US versus AMRI in NAFLD cirrhosis
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FIGURE 2. 
Liver entirety index <90% on US versus AMRI in NAFLD cirrhosis
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