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Resumo 

Objetivo  

Comparar a esteatose pancreática e hepática mediante a determinação da proton density fat 

fraction (PDFF) por ressonância magnética (RM), em pacientes com doença hepática crónica. 

Material e métodos 

Estudo transversal de 46 pacientes adultos com biopsia hepática por hepatite viral crónica 

(n=19) ou por outras doenças hepáticas crónicas de etiologia não-alcoólica (n=27). A biopsia 

hepática foi utilizada como referência para a gradação da esteatose hepática. Todos os doentes 

foram submetidos a uma avaliação clínica e estudo por RM com uma sequência multi-eco de 

gradiente chemical shift-encoded, para a quantificação da PDFF no fígado e pâncreas. Utilizou-

se o coeficiente de correlação de Spearman para calcular a correlação entre a PDFF hepática e 

os graus histológicos de esteatose hepática, e entre a PDFF pancreática e a esteatose hepática, 

tanto com os graus histológicos de esteatose como com a PDFF hepática. O T-test foi realizado 

para comparar variáveis contínuas / ordinais nos grupos de hepatite viral crónica e no grupo das 

outras doenças hepáticas crónicas de etiologia não-alcoólica. As variáveis categóricas foram 

avaliadas mediante a prova de chi-quadrado. 

Resultados 

Observou-se uma correlação significativa entre a PDFF hepática e os graus de esteatose 

(RS=0,875, p<0,001). Também se evidenciou uma correlação positiva entre a PDFF pancreática e 

tanto os graus de esteatose hepática (RS=0.573, p<0.001), como a PDFF hepática (RS=0.536, 

p<0.001). No subgrupo de doentes com doenças hepáticas crónica de etiologia não alcoólica, foi 

mantida uma correlação positiva significativa entre a PDFF pancreática e hepática (RS=0.632, 

p<0.001) e com a esteatose hepática (RS=0.608, p<0.001). Estas correlações não se verificaram, 

contudo, no subgrupo de doentes com hepatite viral crónica. 

Conclusão 

A deposição pancreática de gordura correlaciona-se com a esteatose hepática em doentes com 

doenças hepáticas crónica de etiologia não alcoólica, mas não doentes com hepatite viral 

crónica. 

Palavras chave: Adulto; Pâncreas; Fígado; Esteatose; Hepatite crónica; Doenças hepáticas; 

Ressonância magnética; 
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Abstract 

Aim 

To compare pancreatic and hepatic steatosis by means of magnetic resonance (MR) determined 

proton density fat fraction (PDFF) in patients with chronic liver disease. 

Material and Methods 

This cross-sectional study included 46 adult patients submitted to liver biopsy during their 

investigation of chronic viral hepatitis (n=19) or other chronic non-alcoholic liver diseases 

(NALD) (n=27). Liver biopsy was used as the gold standard for hepatic steatosis diagnosing and 

grading. All patients underwent clinical evaluation and MR imaging with a multi-echo chemical 

shift-encoded (MECSE) gradient echo sequence for liver and pancreas PDFF quantification. The 

Spearman correlation coefficient was used to calculate the degree of association between 

hepatic PDFF and steatosis grades, and between pancreatic PDFF and both steatosis grades and 

hepatic PDFF measurements. The T–test was performed to compare continuous/ordinal 

variables across the chronic viral hepatitis and the NALD group. Categorical variables were 

evaluated by the chi-squared test. 

Results 

There was a significant correlation between hepatic PDFF and steatosis grades (RS =0.875, 

p<0.001). Also, there was a positive correlation between pancreatic PDFF and both hepatic 

steatosis grades (RS=0.573, p<0.001) and hepatic PDFF measurements (RS=0.536, p<0.001). In 

the subgroup of patients with chronic NALD, the significant positive correlation between 

pancreatic PDFF and both hepatic PDFF (RS=0.632, p<0.001) and liver steatosis (RS=0.608, 

p<0.001) was maintained, but not in the subgroup of patients with viral hepatitis. 

Conclusion 

Pancreatic fat deposition is correlated with hepatic steatosis in patients with chronic NALD but 

not in those with chronic viral hepatitis. 

Keywords: Adult; Pancreas; Liver; Steatosis; Chronic Hepatitis; Liver Diseases; Magnetic 

Resonance Imaging;   
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Introduction 

Pancreatic steatosis is a common yet neglected pathological condition. According to Smits et al, 

the term pancreatic steatosis describes not only the accumulation of fat in the islet cells or in 

acinar cells, but also the fat accumulation in pancreatic adipocytes. [1] Pancreatic steatosis is 

linked to chronic pancreatitis and pancreatic adenocarcinoma induction. [2] 

During pancreatic transplant procedures, a direct inspection of the organ can classify pancreatic 

steatosis as mild or massive, [3] while in the histological examinations, the increased number of 

pancreatic fat is recognized in the pancreatic tissue. [4] Biopsy and histological evaluation are 

considered gold standards to evaluate the presence of hepatic and pancreatic steatosis, but 

there are several limitations with this technique. Liver biopsy is invasive and associated with 

morbidity and even mortality, being operator dependent and subject to high variability [5]. 

Biopsy of the pancreatic parenchyma for quantifying steatosis is, therefore, avoided for ethical 

reasons. Imaging techniques, such as ultrasonography, computed tomography (CT), and 

magnetic resonance (MR) imaging, can be used to diagnose pancreatic steatosis. [1, 6, 7]  

Transabdominal ultrasonography has some disadvantages: the full pancreas is not always visible 

(especially in obese patients), it is not possible to distinguish pancreatic fibrosis from steatosis, 

and it is necessary to compare the pancreas echogenicity with other reference organ, usually 

the kidney or the liver. [1, 6] 

On non-enhanced CT images, the steatotic pancreas shows low attenuation of the parenchyma. 

[1] The quantification of pancreatic steatosis on non-contrast CT can be done by comparing the 

pancreatic attenuation to the splenic attenuation. [8] However, there are no defined cut-off 

values for pancreatic steatosis, being not feasible to distinguish it from the fatty replacement of 

pancreatic parenchyma that is often seen with aging. [6] 

Abdominal MR imaging is considered the best imaging technique to evaluate liver and 

pancreatic steatosis as it can quantify pancreatic fat with high accuracy. [6, 9-14] Several 

methods have been proposed to measure parenchymal fat, including 2-point Dixon, 3-point 

Dixon, advanced complex-based chemical shift-encoded (CSE) methods and magnetic resonance 

spectroscopy (MRS). [9] Advanced multi-echo CSE (MECSE) gradient-echo curve-fitting and 

computational modeling methods have been used to assess the proton density fat fraction 

(PDFF) from MR as a biomarker of pancreatic steatosis. [10]  

MECSE quantification of liver PDFF was already accepted as the best imaging biomarker of 

hepatic steatosis. [11-14] Hepatic steatosis is the hallmark of non-alcoholic fatty liver disease 
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(NAFLD), being frequently associated with metabolic syndrome. This syndrome includes central 

obesity, glucose intolerance or diabetes, hypertension and dyslipidemia. [15, 16] In this sense, 

hepatic steatosis is not considered a clinical diagnosis but a common manifestation present in 

many diffuse liver disorders, such as alcoholic liver disease and viral hepatitis, being a common 

histological feature in both chronic hepatitis C and chronic hepatitis B. [17-19] 

The effects of pancreatic fatty infiltration have been less well studied, but it has been strongly 

associated with metabolic syndrome, [20] both pancreatic and hepatic steatosis being directly 

associated with general obesity. [21] A recent study suggested a positive correlation between 

hepatic and pancreatic steatosis in patients with NAFLD, using MR imaging PDFF quantification. 

[22] Even though hepatitis viral infection has also been reported as a cause of pancreatic 

steatosis, little is still known about the possible causes of pancreatic fat deposition in this specific 

clinical scenario. [1, 6, 7] 

The aim of this study was to assess liver and pancreas PDFF by using a MECSE MR sequence, 

comparing the relationship between organs and the influence of the underlying chronic liver 

disease (viral infection versus other non-alcoholic liver diseases).  

 

Materials and Methods 

Study Design and Patient Population: 

This is a cross-section analysis of a prospective single-institution cohort study, with 99 

consecutive adult patients with chronic viral hepatitis, [14] NAFLD or under investigation for 

elevated liver enzyme levels, having a clinical indication for liver biopsy. All patients were 

recruited for an abdominal MR examination. Patients’ clinical and physical examination data 

were collected from the hospital files. The histological and MR imaging examination were 

consecutively performed in the same institution, over a period of 11 months. 

The study was approved by the Institution Ethics Committee, and written informed consent was 

obtained from all the patients.  

Inclusion Criteria: 

Inclusion criteria considered were an age greater than 18 years, with diagnosis of chronic viral 

hepatitis (hepatitis C virus, n=14; and hepatitis B virus, n=5), NAFLD (n=4), or chronic elevation 

of liver enzyme levels with unknown cause (n=23).  
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Exclusion Criteria: 

Exclusion criteria considered were severe claustrophobia; pacing devices or other incompatible 

medical devices and refusal to perform an MR imaging examination. Moreover, patients with 

liver transplant (n=26); history of alcoholic liver disease (n=10), toxic hepatitis (n=4) or 

hemochromatosis (n=8); or patients with any known history or imaging findings concerning for 

hepatic or pancreatic malignancy were also excluded (n=5). 

Clinical evaluation: 

The Body Mass Index (BMI) and the diabetic status assessment were recorded.  

Histopathological liver analysis: 

All 46 finally included patients underwent liver biopsies. Only one biopsy was performed per 

patient. Biopsies were scored by two experienced liver pathologists, blinded to the MR imaging 

results, evaluating the liver biopsy samples in consensus. All cases were diagnosed as chronic 

liver disease. The grade of hepatic steatosis was based on the proportion of hepatocytes 

containing fat vesicles, being expressed semi-quantitatively on a scale of 0-3 (grade 0, <5%-no 

steatosis; grade 1, 5-33%-mild steatosis; grade 2, 33%-66%-moderate steatosis; grade 3, >66%-

severe steatosis). [23] 

MR Imaging Protocol: 

The hepatic and pancreatic PDFF were determined by using a 3 Tesla (Achieva TX, Philips 

Healthcare, The Netherlands) MECSE gradient-echo MR imaging sequence obtained in a single 

breath hold 2D multi-slice acquisition. [14] 

The MECSE sequence was constructed with a Repetition Time (RT) = 10 ms, and multiple Echo 

Times (ET) = 0.99, 1.69, 2.39, 3.09, 3.79, 4.49, 5.19, 5.89, 6.59, 7.29, 7.99, 8.69 ms. The flip angle 

was 10° to minimize the T1 bias. The in-plane voxel dimensions were of 3x3mm, with a slice 

thickness of 7 mm and 0.3 mm gap between slices. The total acquisition time was of 12s, 

allowing for expiratory phase breath hold acquisition, and imaging the whole liver and the 

pancreas during a single breath-hold acquisition. 

Image Analysis: 

Images were exported as raw data in magnitude and phase to pixel-wise quantify PDFF using 

QLiver® software (QUIBIM, Valencia, Spain), based on non-linear least squares analysis by 
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Levenberg–Marquardt algorithm. The pixel PDFF was the ratio between the normalized fat 

proton density and the total (fat and water) proton density. [24] 

One radiologist (MF, 10 years of experience on abdominal imaging), blinded to clinical and 

histological data, reviewed the images and performed quantification of the hepatic and 

pancreatic PDFF, by placing regions of interest (ROI) within the biopsied liver segment (ROI of 

8mm) and within the head of the pancreas (ROI of 6mm). Prior MR imaging studies already 

describe no significant difference regarding fat fractions among the 3 regions of pancreas (head, 

body and tail).[22, 25] The ROIs were placed on homogeneous areas avoiding any artifact, vessel, 

and adjacent visceral fat. 

Statistical Analysis: 

Groups’ data are presented as mean (±standard deviation) or median and interquartile range. 

The Spearman correlation coefficient was used to calculate the degree of association between 

continuous and/or ordinal variables. The T–test was performed to compare continuous/ordinal 

variables and the categorical variables were evaluated by the chi-squared test. Differences of 

PDFF values between histological groups of hepatic steatoses were assessed with one-way 

analysis of variance. 

All statistical analyses were performed using SPSS software package (version 24; SPSS, IBM, 

Chicago, Ill). For all tests, a two-tailed p value of less than 0.05 was considered as statistically 

significant.  

 

Results 
The study population included 46 patients (22 men and 24 women), with age ranged from 19 to 

77 years (mean age was 44 years). (Table I). Regarding the clinical and histological diagnosis, 19 

patients had chronic viral hepatitis (hepatitis C virus (n=14) and hepatitis B virus (n=5)) and 27 

have chronic Non-Alcoholic Liver Diseases (NALD), including non-alcoholic steatohepatitis 

(NASH) (n=8), autoimmune hepatitis (n=8) and a group of patients under investigation for 

permanent elevated liver enzyme levels without a specific diagnosis of liver disease (n=11).  

 

Concerning the liver histologic steatosis grade, the patients were distributed into 4 groups: 27 

(58.7%) had no steatosis (grade 0), 10 (21.7%) had mild steatosis (grade 1), 7 (15.2%) had 

moderate steatosis (grade 2) and 2 (4.3%) had sever steatosis (grade 3). (Fig. 1) 



 5 

The mean (±standard deviation) MR imaging-determined liver fat content was 9.6±4%. The 

median and interquartile range were: 8.6 (4.0-23.6)%. 

Using the Spearman (RS) correlation analysis, there was a positive correlation between BMI and 

both hepatic PDFF (RS=0.405, p<0.004) and pancreas PDFF  (RS=0.408, p<0.002) whereas there 

was no correlation between age and both hepatic  PDFF (RS=0.162, p<0.141) and pancreas PDFF 

(RS=0.103, p<0.241). 

In the general study population, the liver PDFF increased significantly with increasing the 

histological-determined hepatic steatosis grade (p<0.001). An excellent positive correlation was 

demonstrated between the liver PDFF and the histological steatosis grade (RS=0.875, p<0.001). 

(Fig. 2) 

The mean MR imaging-determined pancreatic fat content was 11.5±6.3%. The median and 

interquartile range were: 9.8 (9.6-13.4)%. 

The pancreatic PDFF measurements were significantly different between patients with no liver 

steatosis (grade 0) and patients with liver steatosis (histologic grade 1 or greater) (p<0.001). (Fig. 

3) 

Pancreatic PDFF values also demonstrated a positive correlation with hepatic histologic steatosis 

grades (RS=0.536, p<0.001) and with hepatic PDFF measurements (RS=0.573, p<0.001). (Fig. 4) 

Subgroup analysis: 

In the subgroup of patients with chronic NALD, pancreatic PDFF values were significantly 

different between different histological grades of liver steatosis (p<0.05).  Furthermore, a 

significant positive correlation was found between pancreatic PDFF and both hepatic PDFF 

(RS=0.632, p<0.001) and histologic liver steatosis (RS=0.608, p<0.001). 

On the other hand, in the subgroup of patients with chronic viral hepatitis, no significant 

correlation was found between pancreatic and hepatic PDFF nor grades of histological liver 

steatosis. The values of pancreatic PDFF were not significantly different between the different 

grades of histological liver steatosis (p>0.05). (Fig. 5) 

There was no statistically significant difference across NALD group and chronic viral hepatitis 

group for gender (P=0.08), BMI (P=0.09), age (P=0.10) nor diabetes status (P=0.63). 
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Discussion 
In this study, MECSE MR-derived PDFF measurements allowed a non-invasive quantification of 

the pancreatic and hepatic fat content in a cohort of patients with diffuse liver diseases of 

different etiologies. As expected, a positive strong correlation between hepatic PDFF values and 

histologic steatosis grades was found, in concordance with the results from previous studies that 

have confirmed liver PDFF measurements as a reliable tool to assess hepatic steatosis. [11-14] 

The positive correlation between liver PDFF and BMI is also in agreement with a previous study 

and is comprehensible as hepatic steatosis is frequently related with metabolic syndrome and 

obesity. [15, 16] A positive correlation between pancreas PDFF and BMI also exists. The effect 

of metabolic syndrome on the pancreas is not so well characterized, but there is increasing 

evidence describing the association of obesity and pancreatic steatosis. [20, 21] 

We could not find any significant correlation between aging and pancreas PDFF, which is not in 

line with prior studies. [26] This might be explained because previous studies only focused on 

healthy patients without known liver disease, and therefore without a predisposing factor for 

pancreatic steatosis. Moreover, in the previous studies, imaging evaluation was performed by 

ultrasonography whereas we used MR imaging, which is considered the best imaging technique 

to evaluate pancreatic steatosis. A prior study involving only NAFLD patients was in accordance 

with our conclusion. [22] 

In this study population, a positive correlation was also found between pancreatic PDFF and 

hepatic steatosis, suggesting a relationship between hepatic and pancreatic steatosis. However, 

when the population is split in viral and non-viral subgroups, the positive correlation between 

pancreatic PDFF and both hepatic PDFF and histologic liver steatosis is only found in the 

subgroup of NALD, but not in patients with chronic viral hepatitis.  

Hepatic diseases, especially chronic viral hepatitis, have been suggested to be a cause of 

pancreatic steatosis by several recent review articles. [1, 6, 7] Nevertheless, there is a general 

lack of information about this topic with only a case report of a patient with chronic hepatitis B 

and pancreatic steatosis supporting the hypothesis that chronic viral hepatitis is linked with 

pancreatic steatosis. [27] Our results suggest no relationship between viral infection and 

pancreatic steatosis.  

The positive correlation between pancreatic PDFF and both hepatic PDFF and histologic liver 

steatosis in patients with chronic non-viral NALD suggests that a similar mechanism may be 
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involved in the liver and pancreas fat accumulation. NAFLD is associated with metabolic 

syndrome and similar risk factors have also been linked with pancreas steatosis. [16, 20-22] 

In a previous study, the prevalence rate for hepatic steatosis in Autoimmune Hepatitis is within 

the expected rate for the general population. [28] The influence of autoimmune hepatitis in 

pancreatic steatosis is not defined yet. 

There were no significant differences across NALD group and chronic viral hepatitis group for 

gender, BMI, age nor diabetes status. As the two subgroups were not significantly different in 

these characteristics, they seem not to have any role in the differences found in the two subsets 

of patients. 

The clinical associations of pancreatic fat deposition have been studied and are already 

supported by an increasing evidence of the role of pancreatic fat in the development of β-cell 

dysfunction, [29] carotid atherosclerosis, [30] severe acute pancreatitis, [1] pancreatic cancer 

[31] and even an increased risk of post-operative fistula in patients undergoing pancreatic 

surgery. [32] So, pancreatic steatosis may have a role in the patient outcome, although little 

information is available to guide any clinical management of these patients. 

There are some limitations in our study. Histologic confirmation of pancreatic steatosis was 

absent for ethical reasons. The study involved a small number of patients in each subgroup of 

liver disease, and only few patients had high liver steatosis grades. The subgroup of patients 

with chronic NALD had a significant number of patients with elevation of transaminases but no 

specific diagnosis of liver disease. In liver studies, the MECSE analysis by considering different 

fat spectral peaks has been increasingly used due to major consistency of results. [11-14] 

However, a future study would be needed to demonstrate the benefit of this type of analysis in 

pancreas, if several types of fat are also deposited this organ. 

Further investigation regarding pancreatic MR-estimated PDFF quantification could bring 

insights about the physiologic pathways of visceral fat deposition and its clinical implications. 

Possible risk factors and other possible causes for the development and natural history of 

pancreatic steatosis should be also addressed in future studies. 

In conclusion, pancreatic steatosis can be easily evaluated by means of MECSE MR imaging, at 

the same time as hepatic steatosis. There is a positive correlation between both findings in 

patients with chronic non-viral non-alcoholic liver diseases, but not with chronic viral hepatitis.  
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Table I 
 
Table I - Data are expressed as mean with standard deviation in parentheses unless otherwise 

noted. 

 
NALD (n=27) 

Chronic Viral Hepatitis 

(n=19) 
P value 

Demographics:    

Gender (%male) 37.04 63.16 0.08 

Age 45.74 (15.68) 41.79 (9.72) 0.10 

BMI 25.68 (5.03) 24.33 (3.28) 0.09 

Diabetes status (%) 7.41 5.26 0.63 

MR Imaging:    

MR Imaging-PDFF 

Liver (%) 
10.15 (4.62) 8.75 (2.95) 0.10 

MR Imaging-PDFF 

Pancreas (%) 
12.95 (7.02) 9.53 (4.56) 0.02 
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Figure 1 
 

 
Figure 1 - Number of patients by liver histologic steatosis grade 
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Figure 2 

 

Figure 2 - Correlation of the Liver PDFF with Liver histologic steatosis grade 
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Figure 3 

 

Figure 3 - Correlation of Pancreatic PDFF with Liver histologic steatosis grade 
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Figure 4 

 

Figure 4 - Correlation of Pancreatic PDFF with Liver PDFF 
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Figure 5 

 

Figure 5 - Correlation of Pancreatic PDFF with Liver PDFF in each subgroup: Non-alcoholic Liver 

Disease and Chronic Viral Hepatitis


