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Abstract

Background and objectives: Metabolic dysfunction-associated 
fatty liver disease (MAFLD) has been reported as a complication 
after pancreatic surgery. The aim of this study is to assess this 
phenomenon in a Belgian population, specifically in a period in 
time when less perioperative chemotherapy was given.

Methods: We performed a retrospective monocentric cohort 
study with 124 selected patients who underwent pancreatic 
surgery – pancreaticoduodenectomy (PD), distal pancreatectomy 
(DP) or total pancreatectomy – between 2005 and 2014. Steatosis 
was assessed radiologically, using Hounsfield units on liver and 
spleen. Data on imaging, liver function, weight and other relevant 
parameters were gathered preoperatively as well as 2 and 6 months, 
1 and 2 years after surgery.

Results: Thirty-eight (31%) out of 124 patients developed liver 
steatosis at least at one point in time in the two years following 
surgery, with a prevalence of 21.0% at 2 months, 28.6% at 6 months, 
16.4% at 1 year and 20.8 % at 2 years. A statistically significant 
association with preoperative AST and ALT values, administration 
of pancreatic enzyme supplementation as a surrogate for pancreatic 
exocrine insufficiency (PEI) and weight loss at 2 years was detected.

Conclusion: MAFLD is seen in 31% of patients with PD or DP 
pancreatic resection in this retrospective analysis of a monocentric 
Belgian cohort. Both early and late onset of MAFLD was observed, 
implying that long-term follow-up is necessary. Clinical impact as 
well as a direct correlation with patients’ weight and oral enzyme 
supplements needs to be further investigated. (Acta gastroenterol. 
belg., 2024, 87, 373-380).

Keywords: Metabolic dysfunction-associated fatty liver disease, 
pancreatic surgery, pancreatic exocrine insufficiency.

Introduction

Metabolic dysfunction-associated fatty liver disease 
is a well-known condition characterised by intrahepatic 
accumulation of fat. MAFLD is associated with obesity, 
insulin resistance and metabolic syndrome (1). It 
comprises a spectrum ranging from liver steatosis to 
more serious non-alcoholic steatohepatitis (NASH) and 
liver cirrhosis (2).

The development of MALFD after pancreatico-
duodenectomy (PD) has been previously described (3-
23). Different risk factors for the development of post-
PD NAFLD have been suggested. The exact mechanism 
of this phenomenon has not yet been discovered. 
Increased uptake of fatty acids in hepatocytes, elevated 
lipogenesis, upregulation of peroxisome proliferator-
activated receptor (PPAR) ɣ and interruption of the very 
low density lipoprotein excretion in the circulation are 

possible mechanisms for steatogenesis after PD (23, 
24). It has been suggested that obesity and metabolic 
syndrome are not risk factors for post-PD MAFLD, 
but rather exocrine insufficiency and malnourishment. 
Kang and Lee suggest that malabsorption of choline, an 
essential amino acid, can lead to decreased plasma levels 
of apolipoprotein B and, consequently, impaired hepatic 
export of triglycerides (24). Thus, PD not only alters the 
anatomy but also the gastrointestinal physiology, which 
can result in MAFLD.

The reported incidence of MAFLD after PD ranges 
from 7.8 to 55% in studies with a follow-up between 
3 months and 4.5 years (4,7-25). Most of these studies 
originate from Southeast Asia. Different techniques 
to assess steatohepatitis are used and time points for 
evaluation vary. Most publications are retrospective. 
Only 4 studies examine MAFLD after pancreatic surgery 
in a (mainly) Caucasian population: two North American, 
one Swedish and finally one Dutch study, focusing solely 
on pancreatic neuroendocrine tumours (10,13,18-19).

The aim of our study was to investigate if MAFLD 
occurs after extensive pancreatic surgery – pancreatico-
duodenectomy (PD), distal pancreatectomy (DP) or total 
pancreatectomy – in a historical large Belgian cohort 
in a tertiary referral centre. We aimed to evaluate liver 
steatosis over time and to investigate the association with 
previously suggested risk factors.

Methods

The study is a retrospective monocentric cohort study 
in a tertiary academic referral centre starting from a 
database with 472 patients who underwent pancreatic 
surgery between January 2005 and December 2014. 
This period was chosen because we aimed to look into 
a historical cohort with adequate follow-up before the 
introduction of (neo)adjuvant folfirinox as treatment 
for adenocarcinoma, in order to have a sufficient 
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ratio (L/M ratio) of less than 0.9 (25-28). This equals 
30% of steatosis.

In many patients only contrast-enhanced images were 
available. We used an absolute difference of twenty or 
more HU between liver and spleen (liver-spleen ≥ 20) in 
the venous phase as definition of liver steatosis (29-31).

For each patient, the average CT attenuation of four 
regions of interest (ROI) in the liver and two in the spleen 
were measured. Each ROI was a circular area with a 
diameter of 20 mm. Blood vessels, metastases and bile 
ducts were avoided as much as possible.

To follow the evolution over time, we measured liver 
and spleen attenuation whenever a CT scan was available: 
pre-operatively as well as 2, 6, 12 and 24 months post-
operatively.

Description of associated factors

Evaluation of pancreatic exocrine function

Pancreatic exocrine function (PEI) was evaluated with 
a 13C-labeled mixed triglyceride (MTG) breath test or a 
human pancreatic elastase measurement in stool (32-33).

Results were available for 27 patients. Both of these 
tests were not routinely carried out and only performed 
in symptomatic patients.

Evaluation of clinical factors

Pre- and postoperative variables that may be associated 
with the development of NAFLD after pancreatic surgery 
were chosen based on existing literature (3-23).

Preoperative factors included age, sex, underlying 
pathology, type of surgery, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), albumin, CA 
19.9, weight, and body mass index (BMI).

The remnant pancreatic volume (RPV) was measured 
using the formula V = (AP(tale) + AP(body))/2 × L(body 
and tale) × CC(body) + (AP(head)/2)2 × 3.14 × CC(head). 
AP stands for anteroposterior distance, L for length, CC 
for craniocaudal distance (34).

The following clinical data were collected 2, 6, 12 and 
24 months postoperatively, together with CT images if 
available: AST, ALT, albumin as well as the cumulative 
percentage weight loss relative to the preoperative 
weight. Patient files were checked for prescription of 
pancreatic enzymes and for faecal elastase and 13C MTG 
breath test results.

Statistical analysis

All statistical analyses were performed using SPSS 
software version 25 (IBM Corporation, Armonk, NY). 
Clinical variables were expressed as numbers with 
percentage, means with standard deviation (SD) or 
medians with interquartile range (IQR). We used the 
Shapiro-Wilk and Kolmogorov-Smirnov-test with dis-
play via histogram and QQ-plots to decide whether a 

number of patients who did not receive chemotherapy. 
Pancreatic surgery included (non-)pylorus-preserving 
pancreaticoduodenectomy, total pancreatectomy and 
distal pancreatectomy with or without splenectomy. 
Data were collected for 2 years after surgery, whenever 
possible.

Exclusion criteria were: age under 18 at the moment 
of surgery, excessive use of alcohol (more than 7 units 
a week for females and more than 14 units a week for 
males), use of corticosteroids, known pre-operative liver 
steatosis (either mentioned in the medical history or by 
evaluation using the CT diagnostic criteria as described 
below), previous bariatric surgery, other known causes 
of liver disease (Wilson’s disease, viral hepatitis, auto-
immune liver disease, …) and follow-up of less than 2 
months.

This study was approved by the ethical committee of 
the Ghent University Hospital.

Out of 472 patients who underwent pancreatic surgery 
between 2005 and 2014, 244 patients were excluded 
because of lack of imaging data pre- and/or post-
operatively. Another 104 were excluded because they 
met one or more exclusion criteria (Fig. 1). Most patients 
had other risk factors for steatosis, for instance clear 
alcohol abuse and 8 patients had a radiologic diagnosis 
of steatosis at diagnosis according to the methods used in 
our study. Finally 124 patients were eligible for analysis.

Fig. 1 — Flow diagram for exclusion.

Evaluation of MAFLD

The gold standard for the diagnosis of hepatic 
steatosis is a liver biopsy. Histopathologically, MAFLD 
is defined by the presence of steatosis in more than 5% 
of hepatocytes.

Due to the retrospective design of this study, we chose 
imaging parameters to define steatosis. CT diagnostic 
criteria for liver steatosis in an unenhanced CT are 1) 
absolute liver attenuation of less than 40 Hounsfield 
units (HU) or 2) liver attenuation at least 10 HU less than 
attenuation of the spleen or liver-to-spleen attenuation 
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other less aggressive (pre)malignant conditions (n=10), 
inflammation (n=5), ampulloma/small bowel polyposis 
(n=5) and others (n=6). The group of others contained 
(metastasis of) non gastrointestinal tumor (n=3), small 
bowel carcinoma (n=2) and gastrointestinal stromal 
tumor (GIST) (n=1).

Pancreaticoduodenectomy was performed in 100 
patients, total pancreatectomy in 10 patients, pancreatic 
body and tail resection in 9 patients of whom 3 also got a 
splenectomy, pancreatic tail resection in 4 and pancreatic 
body resection in one patient.

Thirty-eight of 124 patients (31%) developed steatosis 
at at least one time point in the follow-up period.

There is no significant difference in age, sex, weight 
and BMI between patients who develop NAFLD and 
patients who do not. The mean age in the NAFLD group 
is 60.6 and in the non-NAFLD group 63.7 years. There is 
also no significant difference in distribution of benign and 
malignant diseases, type of surgery or histopathological 
diagnosis (Table 2). There is a significant difference 
between both groups in preoperative value of ALT.

Postoperatively, there is a significant difference in the 
number of patients with diarrhoea (11 with/0 without 
diarrhoea in the NAFLD group vs 17 with/7 without 
in the non-NAFLD group, p= 0.045) and the number 
of patients taking pancreatic enzyme supplementation 
(31 with/3 without in the NAFLD group vs 45 with/25 
without in the non-NAFLD group, p= 0.004). There is 
no significant difference in other postoperative variables 
(Table 2).

Prevalence and evolution over time

Out of thirty-eight patients that developed liver 
steatosis in the 2 years following surgery, twenty-eight 
only did so at one point in time. Thirteen patients had at 
least one radiological follow-up evaluation showing no 
more steatosis (Fig. 2).

Steatosis is seen more often early after surgery with 
a decreasing prevalence over time. Two months after 
surgery we report a prevalence of steatosis of 21.0% 
(13 of 62 patients with available data). After 6 months 
we note a prevalence of 28.6% (22/77), and after 1 and 
2 years, we note steatosis in 16.4% (10/61) and 20.8% 
(10/48) patients, respectively.

Risk factors for the development of MAFLD after 
pancreatic surgery

Univariate analysis identified an association of the 
following variables with the development of NAFLD 
(p˂ 0.05): preoperative ALT, preoperative AST, pre-
operative AST/ALT ratio, the use of pancreatic enzyme 
supplementation and relative weight loss 2 years 
postoperatively (Table 3).

In multivariate analysis using these five variables with 
p<0.05 and BMI, no significant independent risk factors 
for MAFLD were withheld.

variable is normally distributed or not. The Student’s 
t-test was used to compare continuous variables with a 
normal distribution between groups with and without 
steatosis. If there was no normal distribution, the Mann-
Whitney U-test was used. The Chi-square test was used 
to compare categorical variables.

Univariable logistic regression analysis was per-
formed to determine risk factors for the development 
of NAFLD after pancreatic surgery. Variables that were 
statistically significant using univariable analysis or that 
were considered clinically important were used in the 
multivariable logistic regression analysis. Results were 
considered statistically significant when the p-values 
were less than 0.05.

Results

Patient characteristics

The mean age of the patients was 63 (range 26-86) 
years and the male-to-female ratio was 67/57 (Table 1). 
Diagnoses included adenocarcinomas (pancreas, ampulla 
and bile duct) (n= 82), neuroendocrine tumors (n=16), 
intraductal papillary mucinous neoplasms (IPMN) and 

Table 1. — Patient Demographics

Characteristics Value

Age; Mean (range) 63 (26-86)

Sex ; M/F (%) 67/57 (54/46)

Histopathological diagnosis ; n (%)

Adenocarcinoma 82 (66)

Pancreatic adenocarcinoma 66

Ampullary carcinoma 11

Bile duct carcinoma 5

Neuroendocrine tumor 16 (13)

IPMN and other PCN 10 (8)

IPMN 6

Solid pseudopapillary tumor 1

Serous cystadenoma 3

Inflammation 5 (4)

Ampulloma/ small bowel polyposis 5 (4)

Ampulloma 4

Small bowel polyposis 1

Others 6 (5)

(Metastasis of) other non-gastrointestinal tumor 3

Small bowel carcinoma 2

GIST 1

Operative procedure; n(%)

Whippel 100 (81)

Total pancreatectomy 10 (8)

Pancreatic body and tail resection 9 (7)

Pancreatic tail resection 4 (3)

Pancreatic body resection 1 (1)

IPMN: Intraductal papillary mucinous neoplasm; PCN: Pancreatic 
cystic neoplasm.
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Table 2. — Preoperative and postoperative characteristics

NAFLD No NAFLD Number p-value

PREOPERATIVE

Age (year)* 60.6 (± 12.91) 63.7 (± 14.47) 124 0.173

Sex (male) 19 (50.0%) 48 (55.8%) 124 0.564

Weight (kg)** 74.0 (61.4-81.0) 68.8 (64.0-77.5) 107 0.438

BMI ** 25.0 (21.1-29.1) 24.7 (22.7-27.2) 105 0.348

CA 19.9 (U/ml)** 110 (63-231) 51 (15-204) 68 0.114

ALT pre-op (U/L)** 93 (31-347) 38 (20-130) 111 0.016

AST pre-op (U/L)** 45 (23-129) 20 (20-63) 112 0.089

Pre-op AST/ALT ratio** 0.60 (0.41-0.87) 0.9 (0.59-1.06) 110 0.003

Alb pre-op (g/L)* 22.0 (±3.80) 38.5 (±7.65) 69 0.059

Malignant/benign 35/3 69/17 124 0.117

Diagnosis 124 0.307

Pancreatic adenocarcinoma 29 (76%) 53 (62%)

IPMN 2 (5%) 8 (9%)

NET 3 (8%) 13 (15%)

Inflammation 1 (3%) 4 (5%)

Ampulloma 0 (0%) 5 (6%°

Others 3 (8%) 3 (3%)

Type of surgery 124 0.397

Whippel 31 (82%) 69 (80%)

Total pancreatectomy 3 (8%) 7 (8%)

Pancreatic body and tail resection 3 (8%) 6 (7%)

Pancreatic tail resection 0 (0%) 4 (5%)

Pancreatic body resection 1 (3%) 0 (0%)

POSTOPERATIVE

ALT 2m (U/L)** 48 (31-71) 33 (19-52) 73 0.079

ALT 6m (U/L)** 43 (29-60) 40 (27-53) 60 0.433

ALT 1y (U/L)** 30 (24-38) 37 (26-62) 47 0.128

ALT 2y (U/L)** 45 (28-64) 30 (22-38) 38 0.071

AST 2m (U/L)** 43 (28-69) 26 (19-40) 75 0.004

AST 6m (U/L)** 37 (28-44) 34 (24-47) 59 0.405

AST 1y (U/L)** 30 (23-41) 32 (23-43) 47 0.869

AST 2y (U/L)** 37 (18-42) 30 (23-42) 39 0.701

Alb 2m (g/L)* 33.2 (± 7.83) 34.1 (± 7.73) 33 0.743

Alb 6m (g/L)* 37.3 (± 10.48) 36.3 (± 10.33) 20 0.456

Alb 1y (g/L)* 34.6 (± 9.05) 36.1 (± 9.79) 22 0.711

Alb 2y (g/L)* 34.8 (± 13.3) 40.6 (± 7.72) 11 0.374

Diarrhea 11/0 17/7 35 0.045

Pancreatic enzymes 31/3 45/25 104 0.004

Pancreatic exocrine insufficiency (MTG) (pos/neg) 9/0 15/3 27 0.194

Chemotherapy post-op (yes/no) 17/21 25/61 124 0.089

Weight 2m (kg)** 64.1 (52.0-73.5 64.0 (60.0-74.0) 28 0.357

Weight 6m (kg)** 60.0 (53.0-75.5) 62.5 (55.8-73.3) 37 0.475

Weight 1y (kg)** 60.5 (52.5-72.3) 66.0 (59.8-76.8) 30 0.210

Weight 2y (kg)** 53.0 (45.5-79.0) 72.5 61.2-84.5) 30 0.061

10% weight loss ever (yes/no) 13/13 22/31 79 0.318

RPV (cm3)** 40.0 (18.5-49.1) 40.0 (22.4-62.0) 109 0.487

* not normally distributed with median (interquartile range); ** normally distributed with mean (± standard deviation). NAFLD 
=nonalcoholic fatty liver disease, ALT=alanine aminotransferase, AST=aspartate aminotransferase, Alb=albumin, AIPM=intraductal 
papillary mucinous neoplasm, NET=neuroendocrine tumor, MTG=ixed triglyceride breath test, RPV=remnant pancreatic volume. 



Prevalence of metabolic dysfunction-associated fatty liver disease after pancreatic surgery	 377

Acta Gastro-Enterologica Belgica, Vol. 87, July-September 2024

of evaluation, between 16.4% at 1 year and 28.6% at 6 
months.

The development of MAFLD after pancreatic 
surgery has not yet been studied extensively in Western 
populations. A Dutch study looked into MAFLD after 
pancreatic surgery for neuroendocrine tumours and 
reported an incidence of 20% over a median follow-up 
period of 54 months (13). The lower number may be due 
to the fact that in this study enucleation was considered, 
a surgical technique which spares more pancreatic tissue. 
A study performed in the USA examined MAFLD after 
pancreatic surgery by using a liver-to-muscle ratio on CT-
images with IV contrast. They demonstrated a significant 
decrease in ratio after surgery, only in men. This definition 
of steatosis using liver/muscle-ratio has not been 
validated (10). Another USA-based study with no strict 
definition for MAFLD recorded an incidence of 14,3%, 
correlating with female gender, higher preoperative BMI, 
and shorter length of hospital stay (19).A fourth, Swedish 
study found an incidence of MAFLD of 17% during 
the first year after surgery (including PD, DP and total 
pancreatectomy). Here again, another definition is used 
to describe steatosis: a decrease of 20 HU in unenhanced 
scans and a decrease from 10 to 30 HU in the portal phase 
in contrast-enhanced scans. They are the only group 
using this definition (18).

Our definition using an absolute value ˂ 40 HU, 
a decrease of 10 HU or a L/S-ratio of less than 0.9 in 
unenhanced CT scans and ≥ 20 HU in the venous phase 

Pancreatic exocrine insufficiency

PEI as shown by the 13C-labeled mixed triglyceride 
breath test was not associated with the development of 
MAFLD after pancreatic surgery in univariate analysis. 
All patients in the group with MAFLD who performed 
a breath test, had PEI (<23% of ingested radioactive 
labelled carbon detected in exhaled air). As stated before, 
tests to diagnose PEI were not performed on a routine 
basis but only in symptomatic patients. Since we had no 
cases with normal results, it was not possible to perform 
a logistic regression. Whether pancreatic enzyme 
supplementation was taken or not, however, could 
be identified in 104/124 patients and this was clearly 
associated with the development of steatosis (p=0.008).

Discussion

We report an incidence of MAFLD after pancreatic 
surgery of 31%. This is comparable with what was 
found in other studies, mostly performed in southeast 
Asia (incidence between 7.8 and 55%) (4, 7-25). This 
wide range in literature can partially be explained by the 
differences in timing of evaluation, in the duration of 
follow-up and techniques or definitions used to diagnose 
MAFLD. There is no consensus in the existing literature 
about the time of onset of liver steatosis after pancreatic 
surgery nor about the ideal time for screening (7-25). In 
our study, the prevalence varies depending on the timing 

Fig. 2. — Time of onset of liver steatosis
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was also described in the studies of Sato and Tanaka (6, 
12). Steatosis occurred in 16.4% at 1 year in our study, 
comparable to what was published by Fujii, et al.: 12% 
at 1 month after surgery, 21% at 6 months and 15% at 
1 year (17). Others also suggest that steatosis mainly 
occurs in the first six months and gradually decreases. In 
the Swedish trial for instance, steatosis after pancreatic 
surgery was seen as a self-limiting process (18).

The follow-up period in our study was longer and 
we found a higher prevalence of steatosis of 20.8 % at 
2 years, challenging the idea of a self-limiting process.

in contrast-enhanced scans has been validated (11,25-
28).

As in other cohorts, steatosis in our study is seen more 
often early after surgery with a decreasing prevalence 
over time. We generally saw an improvement over 
time and none of our patients showed a deteriorating 
evolution. It is important to mention, however, that case 
reports with complications and even fatal evolution of 
steatosis after pancreaticoduodenectomy have been 
published (35-37). Two months after surgery we report 
a prevalence of steatosis of 21.0%, rising to almost 29% 
at 6 months. A median time to detection of 5-6 months 

Table 3. — Univariate analysis

OR 95% CI p-value

Age (year) 0.977 (0.946-1.010) 0.174

Sex (male) 0.792 (0.368-1.702) 0.550

Weight (kg) 1.014 (0.986-1.043) 0.317

BMI 1.065 (0.965-1.174) 0.209

CA 19.9 (U/ml) 1.000 (0.999-1.001) 0.439

ALT pre op (U/L) 1.003 (1.001-1.005) 0.011

AST pre-op (U/L) 1.005 (1.000-1.010) 0.043

pre op AST/ALT ratio 0.181 (0.049-0.667) 0.010

Alb pre-op (g/L) 1.095 (0.993-1.207) 0.068

Malign/ benign 0.348 (0.095-1.268) 0.109

Pancreatic adenocarcinoma 2.006 (0.845-4.765) 0.115

Whippel 1.091 (0.411-2.898) 0.861

ALT 2m (U/L) 1.005 (0.993-1.017) 0.449

ALT 6m (U/L) 1.012 (0.990-1.035) 0.279

ALT 1y (U/L) 0.980 (0.951-1.009) 0.178

ALT 2y (U/L) 1.010 (0.989-1.032) 0.355

AST 2m (U/L) 1.011 (0.997-1.025) 0.110

AST 6m (U/L) 1.008 (0.982-1.035) 0.544

AST 1y (U/L) 0.998 (0.984-1.012) 0.764

AST 2y (U/L) 1.002 (0.972-1.033) 0.900

Alb 2m (g/L) 0.984 (0.895-1.081) 0.734

Alb 6m (g/L) 1.011 (0.924-1.105) 0.815

Alb 1y (g/L) 1.020 (0.925-1.125) 0.695

Alb 2y (g/L) 0.936 (0.816-1.075) 0.349

Pancreatic enzymes (yes/no) 5.740 (1.593-20.688) 0.008

Chemotherapy post-op (yes/no) 1.975 (0.896-4.356) 0.092

Weight 2m (kg) 0.946 (0.868-1.030) 0.203

Δ kg 2m (kg) 0.981 (0.810-1.188) 0.844

Weight 6m (kg) 0.981 (0.926-1.039) 0.504

Δ kg 6m (kg) 0.996 (0.878-1.129) 0.947

Weight 1y (kg) 0.97 (0.920-1.024) 0.273

Δ kg 1y (kg) 0.948 (0.870-1.032) 0.215

Weight 2y (kg) 0.957 (0.910-1.007) 0.091

Δ kg 2y (kg) 0.859 (0.744-0.990) 0.036

RPV (cm3) 0.991 (0.974-1.008) 0.289

ALT=alanine aminotransferase, AST=aspartate aminotransferase, Δ kg=difference 
between pre-operative weight and port-operative weight on stated moment, RPV= 
remnant pancreativ volume
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This study has several limitations: first, the retro-
spective character of the analysis, with a high number 
of missing data leads to a lack of power: the lack of 
standardisation in postoperative follow-up, partly 
explained by the differences in histopathological 
diagnoses, surgical procedures and adjuvant treatments, 
creates a lot of missing clinical and radiological data. 
Also, we could not investigate the impact of performing 
a pancreaticogastrostomy or a pancreaticojejunostomy 
in this monocentric cohort. However, this historical 
cohort can provide important insights: currently both 
combination chemotherapy and PERT are given to all 
patients with a malignant diagnosis, making it hard 
to investigate the contribution of either one of those 
therapies to the development of steatosis.

Secondly, the use of imaging techniques for the 
detection of MAFLD is not the golden standard. How-
ever, follow-up with consecutive liver biopsies in a 
prospective trial does not seem feasible due to ethical 
reasons. In our study, contrast enhanced CT-images in the 
venous phase were used to diagnose steatosis according 
to a validated method, but other methods have been used 
by other investigators, hampering direct comparison. 
Standardization of scanning protocols and a consensus 
on the ideal imaging method are necessary if we want 
to draw solid conclusions. Biomarker-based screening 
tools like the Liver index (FLI) and Hepatic Steatosis 
Index (HSI) may be added as screening test for MAFLD 
(42,43).

Conclusion

MAFLD was found in 31% of patients that underwent 
extensive pancreatic surgery in a historical large Belgian 
cohort in a tertiary referral centre. The evolution over 
time and the association with the intake of pancreatic 
enzyme supplements in our study support a relationship 
with maldigestion/malabsorption. The prognosis of 
pancreatic cancer patients has increased since the 
introduction of adjuvant treatment with folfirinox. It is 
therefore important to also focus on supportive therapy, 
improving quality of live and preventing later secondary 
problems, such as MAFLD.

A long-term prospective study with a larger number of 
patients, standardized follow-up points and investigations, 
can help to better identify the risk of developing steatosis, 
the pathophysiology and possible contributing factors. A 
better follow-up of nutritional interventions, including 
dosing of pancreatic enzyme supplements, evolution of 
weight and steatosis is necessary.
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Despite the frequent observation of MAFLD after 
pancreatic surgery, the pathogenesis has not yet been 
unravelled. It has often been suggested that steatohepatitis 
is caused by the administration of chemotherapy. 
However, MAFLD is also observed after surgery for 
benign tumors – in 23,9% of patients as described in a 
recent meta-analysis (38). Also, 42 (33% of) patients in 
our cohort received chemotherapy and this was not found 
to be a risk factor for the development of MAFLD.

The link with PEI has been suggested in the past and 
seems to be confirmed in our study (4,12). Unfortunately, 
diagnostic tests for PEI were not performed on a routine 
basis. The absence/presence of diarrhoea and steatorrhea 
is not routinely mentioned in all files. We therefore 
used the prescription of pancreatic enzyme replacement 
therapy (PERT) as a surrogate marker for PEI. Pancreatic 
enzyme supplements were not started on a routine basis 
postoperatively, except after total pancreatectomy. 
Enzyme supplementation is only initiated in case of a 
clinical suspicion of steatorrhea. The use of pancreatic 
enzymes shows a strong correlation with the presence of 
MAFLD (p=0.008). Patients using pancreatic enzymes 
were 5.74 more likely to have a diagnosis of liver steatosis 
at one of the established moments for evaluation in our 
study. We therefore hypothesize that the development of 
MAFLD is caused by malabsorption and recovers over 
time with adequate enzyme supplementation. Several 
authors stated before that the administration of pancreatic 
enzymes gives a recovery of steatosis, albeit not in all 
patients (12,13,15,39).

There was a difference in evolution of weight after 
surgery between the two groups: the steatosis group 
continued to lose weight, the non-MAFLD group 
regained weight . The average weight at 2 years in the 
MAFLD group was 60.3 ± 21.9 kg (median 53.0 kg) 
compared to 71.9 ± 13.6 kg (median 72.5 kg) in the 
non-MAFLD group, leading to a statistically significant 
association between relative weight loss at 2 years and 
development of steatosis (p= 0.036). Again, this seems 
to be linked to the administration of pancreatic enzymes 
leading to an improvement in the nutritional status of 
the patient and an increase in weight. The link between 
postoperative development of steatosis and maldigestion/
malabsorption because of PEI with continuing weight 
loss has been suggested before (40).

All our patients who underwent PD had a pan- 
creaticojejunostomy. Nowadays, PD can be per-
formed either with a pancreaticogastrostomy or a pan-
creaticojejunostomy. It is important to keep in mind that 
PEI has a higher prevalence with pancreaticogastrostomy 
(41).

Follow-up in our study was longer than average and 
we found some new cases of steatosis after 2 years. 
Future studies should include a longer follow-up in order 
to check whether steatosis can also only occur 2 years 
or later after pancreatic surgery and what the underlying 
risks may be.



380	 V. D’Cruz et al.

Acta Gastro-Enterologica Belgica, Vol. 87, July-September 2024

23.	NAGAYA T., TANAKA N., KIMURA T., KITABATAKE H., FUJIMORI 
N., KOMATSU M., et al. Mechanism of the development of nonalcoholic 
steatohepatitis after pancreaticoduodenectomy. BBA Clin., 2015, 3:168-74.

24.	KANG C.M., LEE J.H.. Pathophysiology after pancreaticoduodenectomy. 
World J Gastroenterol., 2015, 21(19):5794-804.

25.	PARK S.H., KIM P.N., KIM K.W., LEE S.W., YOON S.E., PARK S.W., 
et al. Macrovesicular hepatic steatosis in living liver donors: use of CT for 
quantitative and qualitative assessment. Radiology, 2006, 239(1):105-12.

26.	RICCI C., LONGO R., GIOULIS E., BOSCO M., POLLESELLO P., 
MASUTTI F., et al. Noninvasive in vivo quantitative assessment of fat 
content in human liver. J hepatol., 1997, 27(1):108-13.

27.	KAWAMOTO S., SOYER P.A., FISHMAN E.K., BLUEMKE D.A. 
Nonneoplastic liver disease: evaluation with CT and MR imaging. 
Radiographics, 1998, 18(4):827-48.

28.	OLIVA M.R., MORTELE K.J., SEGATTO E., GLICKMAN J.N., ERTURK 
S.M., ROS P.R., et al. Computed tomography features of nonalcoholic 
steatohepatitis with histopathologic correlation. J comput Assist Tomogr., 
2006, 30(1):37-43.

29.	KIM D.Y., PARK S.H., LEE S.S., KIM H.J., KIM S.Y., KIM M.Y., et al. 
Contrast-enhanced computed tomography for the diagnosis of fatty liver: 
prospective study with same-day biopsy used as the reference standard. Eur 
Radiol., 2010, 20(2):359-66.

30.	 JACOBS J.E., BIRNBAUM B.A., SHAPIRO M.A., LANGLOTZ C.P., 
SLOSMAN F., RUBESIN S.E., et al. Diagnostic criteria for fatty infiltration 
of the liver on contrast-enhanced helical CT. AJR., 1998, 171(3): 659-64.

31.	 JOHNSTON R.J., STAMM E.R., LEWIN J.M., HENDRICK R.E., ARCHER 
P.G.. Diagnosis of fatty infiltration of the liver on contrast enhanced CT: 
limitations of liver-minus-spleen attenuation difference measurements. 
Abdom imaging, 1998, 23(4): 409-15.

32.	NAKAMURA H., MORIFUJI M., MURAKAMI Y., UEMURA K., OHGE 
H., HAYASHIDANI Y., et al. Usefulness of a 13C-labeled mixed triglyceride 
breath test for assessing pancreatic exocrine function after pancreatic surgery. 
Surgery, 2009, 145(2): 168-75.

33.	LOSER C., MOLLGAARD A., FOLSCH U.R.. Faecal elastase 1: a novel, 
highly sensitive, and specific tubeless pancreatic function test. Gut, 1996, 
39(4):580-6.

34.	DJURIC-STEFANOVIC A., MASULOVIC D., KOSTIC J., RANDJIC 
K., SARANOVIC D.. CT volumetry of normal pancreas: correlation with 
the pancreatic diameters measurable by the cross-sectional imaging, and 
relationship with the gender, age, and body constitution. Surg Radiol Anat., 
2012, 34(9):811-7.

35.	SIM E.H., KWON J.H., KIM S.Y., JUNG S.M., MAENG L.S., JANG J.W., 
et al. Severe steatohepatitis with hepatic decompensation resulting from 
malnutrition after pancreaticoduodenectomy. Clin Mol Hepatol., 2012, 
18(4):404-10.

36.	MURATA Y., MIZUNO S., KATO H., KISHIWADA M., OHSAWA 
I., HAMADA T., et al. Nonalcoholic steatohepatitis (NASH) after 
pancreaticoduodenectomy: association of pancreatic exocrine deficiency and 
infection. Clin J Gastroenterol., 2011, 4(4):242-8.

37.	  MIURA H., IJICHI M., ANDO Y., HAYAMA K., K I.I., YAMADA H. et al. 
A rapidly progressive and fatal case of nonalcoholic steatohepatitis following 
pancreaticoduodenectomy. Clin J Gastroenterol., 2013, 6(6):470-5

38. BEGER H.G., MAYER B., VASILESCU C., POCH B. Long-term Metabolic 
Morbidity and Steatohepatosis Following Standard Pancreatic Resections 
and Parenchyma-sparing, Local Extirpations for Benign Tumor. A Systematic 
Review and Meta-analysis. Ann Surg., 2022, 275:54–66.

39.	NAGAI M., SHO M., SATOI S., TOYOKAWA H., AKAHORI T., 
YANAGIMOTO H., et al. Effects of pancrelipase on nonalcoholic fatty liver 
disease after pancreaticoduodenectomy. J Hepatobiliary Pancreat Sci., 2014, 
21(3):186-92.

40.	OKABE H., YAMASHITA Y.I., INOUE R., KINOSHITA S., ITOYAMA R., 
YUSA T., et al. Postoperative nonalcoholic fatty liver disease is correlated 
with malnutrition leading to an unpreferable clinical course for pancreatic 
cancer patients undergoing pancreaticoduodenectomy. Surg Today, 2020, 
50(2):193-9.

41	 ROEYEN G., JANSEN M., RUYSSINCK L., CHAPELLE T., 
VANLANDER A., BRACKE B. et al. Pancreatic exocrine insufficiency after 
pancreaticoduodenectomy is more prevalent with pancreaticogastrostomy 
than with pancreaticojejunostomy. A retrospective multicentre observational 
cohort study. HPB (Oxford), 2016, 18(12): 1017-1022.

42.	BEDOGNI G., BELLENTANI S., MIGLIOLI L., MASUTTI F., 
PASSALACQUA M., CASTIGLIONE A., et al. The fatty liver index: a 
simple and accurate predictor of hepatic steatosis in the general population. 
BMC Gastroenterol., 2006, 6: 33.

43.	LEE J.H., KIM D., KIM H.J., LEE C.H., YANG J.I., Kim W. et al. Hepatic 
steatosis index: a simple screening tool reflecting nonalcoholic fatty liver 
disease. Dig Liver Dis., 2010, 42(7): 503–508.

References

1.	 ANGULO P. Nonalcoholic fatty liver disease. The N Engl J Med., 2002, 
346(16): 1221-31.

2.	 FARRELL G.C., LARTER C.Z.. Nonalcoholic fatty liver disease: from 
steatosis to cirrhosis. Hepatology, 2006, 43(2 Suppl 1): S99-S112.

3.	  CHALASANI N., YOUNOSSI Z., LAVINE J.E., DIEHL A.M., Brunt E.M., 
CUSI K, et al. The diagnosis and management of non-alcoholic fatty liver 
disease: practice Guideline by the American Association for the Study of 
Liver Diseases, American College of Gastroenterology, and the American 
Gastroenterological Association. Hepatology, 2012,55(6):2005-23.

4.	 NAKAGAWA N., MURAKAMI Y., UEMURA K., SUDO T., 
HASHIMOTO Y., KONDO N., et al. Nonalcoholic fatty liver disease after 
pancreatoduodenectomy is closely associated with postoperative pancreatic 
exocrine insufficiency. J Surg Oncol., 2014, 110(6):720-6.

5.	 KATO H., ISAJI S., AZUMI Y., KISHIWADA M., HAMADA T., MIZUNO 
S., et al. Development of nonalcoholic fatty liver disease (NAFLD) and 
nonalcoholic steatohepatitis (NASH) after pancreaticoduodenectomy: 
proposal of a postoperative NAFLD scoring system. J Hepatobiliary Pancreat 
Sci, 2010, 17(3):296-304.

6.	 TANAKA N., HORIUCHI A., YOKOYAMA T., KANEKO G., HORIGOME 
N., YAMAURA T., et al. Clinical characteristics of de novo nonalcoholic fatty 
liver disease following pancreaticoduodenectomy. J Gastroenterol., 2011, 
46(6):758-68.

7.	  OHGI K., OKAMURA Y., YAMAMOTO Y., ASHIDA R., ITO T., SUGIURA 
T., et al. Perioperative Computed Tomography Assessments of the Pancreas 
Predict Nonalcoholic Fatty Liver Disease After Pancreaticoduodenectomy. 
Medicine, 2016, 95(6):e2535.

8.	 ITO Y., KENMOCHI T., SHIBUTANI S., EGAWA T., HAYASHI S., 
NAGASHIMA A., et al. Evaluation of predictive factors in patients with 
nonalcoholic fatty liver disease after pancreaticoduodenectomy. Am Surg., 
2014, 80(5):500-4.

9.	 NISHIKAWA M., AOSASA S., MORIYA T., NORO T., HASE K., 
YAMAMOTO J. The impact of postoperative adjuvant chemotherapy on the 
development of nonalcoholic fatty liver disease after pancreatoduodenectomy. 
J Surg Res., 2016, 205(1):127-35.

10.	OLEFSON S., JACKSON M., GRAND D.J., CHARPENTIER K.P., 
MAKWANA N., PROMRAT K. Identification of Nonalcoholic Fatty Liver 
Disease following Pancreatic Surgery in a Western Cohort Using a Novel 
Radiographic Technique. J Clin Transl Hepatol., 2015, 3(4):246-53.

11.	 NOMURA R., ISHIZAKI Y., SUZUKI K., KAWASAKI S. Development of 
hepatic steatosis after pancreatoduodenectomy. AJR, 2007, 189(6):1484-8.

12.	SATO T., MATSUO Y., SHIGA K., MORIMOTO M., MIYAI H., 
TAKEYAMA H. Factors that predict the occurrence of and recovery from 
non-alcoholic fatty liver disease after pancreatoduodenectomy. Surgery, 
2016, 160(2):318-30.

13.	MACKAY T.M., GENC C.G., TAKKENBERG R.B., BESSELINK M.G., 
SOMERS I., NIEVEEN VAN DIJKUM E.J.M. New onset non-alcoholic 
fatty liver disease after resection of pancreatic neuroendocrine tumors. J Surg 
Oncol., 2018, 117(7):1548-55.

14.	  KISHI Y., SHIMADA K., NARA S., ESAKI M., KOSUGE T. Administration 
of Pancrelipase as Effective Treatment for Hepatic Steatosis After 
Pancreatectomy. Pancreas, 2015, 44(6):983-7.

15.	SATO R., KISHIWADA M., KURIYAMA N., AZUMI Y., MIZUNO S., USUI 
M., et al. Paradoxical impact of the remnant pancreatic volume and infectious 
complications on the development of nonalcoholic fatty liver disease after 
pancreaticoduodenectomy. J Hepatobiliary Pancreat Sci, 2014, 21(8):562-72.

16.	SONG S.C., CHOI S.H., CHOI D.W., HEO J.S., KIM W.S., KIM M.J. 
Potential risk factors for nonalcoholic steatohepatitis related to pancreatic 
secretions following pancreaticoduodenectomy. World J Gastroenterol., 2011, 
17(32):3716-23.

17.	FUJII Y., NANASHIMA A., HIYOSHI M., IMAMURA N., YANO K., 
HAMADA T. Risk factors for development of nonalcoholic fatty liver disease 
after pancreatoduodenectomy. Ann Gastroenterol Surg., 2017, 1(3):226-31.

18.	 .IVANICX T., SANEEVI S., ANSORGE C., ANDREN-SANDBERG 
A. Hepatic Steatosis Following Pancreatic Surgery: A Swedish Centers 
Experience with Demographics, Risks and Outcome. J Pancreas, 2015, 16(6): 
527-32.

19.	  McGHEE-JEZ A., CHERVONEVA I., YI M., AHUJA A., NAHAR R., SHAH 
S.,et al., Nonalcoholic Fatty Liver Disease After Pancreaticoduodenectomy 
for a Cancer Diagnosis. J Pancreat Cancer, 2021, 7: 23-30. 

20.	KATO H., KAMEI K., SUTO H., MISAWA T., UNNO M., NITTA H., et 
al. Incidence and risk factors of nonalcoholic fatty liver disease after total 
pancreatectomy: A first multicenter prospective study in Japan J Hepatobiliary 
Pancreat Sci., 2022, 29 :428–438.

21.	NOMURA R.,, ISHIZAKI Y., SUZUKI K., KAWASAKI S. Development 
of hepatic steatosis after pancreatoduodenectomy. Am J Roentgenol., 2007, 
189(6):1484-8.

22.	YOO D.G., JUNG B.H., HWANG S., KIM S.C., KIM K.H., LEE Y.J., et al. 
Prevalence analysis of de novo hepatic steatosis following pylorus-preserving 
pancreaticoduodenectomy. Dig Surg., 2014, 31(4-5): 359-65.


