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Abstract

Background and Aims: While traditional risk factors for
the development of nonalcoholic fatty liver disease (NAFLD)
relate to metabolic syndrome, several Asian studies have sug-
gested a high rate of de novo NAFLD following pancreatico-
duodenectomy (PD). The aim of this study is to identify
de novo NAFLD after pancreatic surgery and its associated
risk factors. Methods: A retrospective cohort of patients at
a single center that underwent PD or distal pancreatectomy
(DP) over 7 years was identified. Pre- and postoperative con-
trast-enhanced computed tomography scans of the abdomen
were reviewed, including attenuation measurements of the
liver, spleen, and muscle. Primary outcomes included hepatic
attenuation, liver to muscle ratio (LMR), and liver to spleen
ratio (LSR). Results: Of the 96 patients (mean age 64.3)
included, 70% underwent PD, and 30% underwent DP.
The mean LMR decreased significantly from 1.81 to 1.66
(p=0.02), noted only in men. No interaction effect with LMR
was observed with surgical type, chemotherapy, blood loss,
pancreatic enzyme replacement, or transaminases. LMR
decreased in 55% of subjects. Conclusions: Increased fatty
infiltration, as evidence by decreased LMR, was found among
men that underwent PD and DP within a year of surgery.
This may be related to weight loss and malabsorption and
deserves further investigation.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most common
liver disorder worldwide, and its prevalence is increasing.?™*
In the United States, NAFLD is estimated to affect 10-35% of
patients,® and biopsy-based studies show the prevalence of
nonalcoholic steatohepatitis (NASH) is 3-5%.%3 NASH may
progress to cirrhosis in up to 20% of patients.® Traditional
risk factors for the development of NAFLD include elevated
body mass index (odds ratio (OR) 6.6 for >35 kg/m?), diabe-
tes mellitus (OR 2.4), hypertension (OR 1.6), hypercholester-
olemia (OR 1.3), and sedentary lifestyle (OR 1.3).2

Risk factors associated with metabolic syndrome are
thought to play a role in the pathophysiology of NAFLD via
insulin resistance, which leads to increased lipolysis from white
adipose tissue and increased hepatic fat accumulation.!
Several Asian-based studies report the development of
hepatic steatosis following pancreaticoduodenectomy (PD),®°
which typically lacks traditional risk factors for NAFLD.

PD, often used for the treatment of periampullary disease,
involves en bloc resection of the distal stomach, duodenum,
head of the pancreas, and proximal jejunum.*® Improvement
in the surgical technique and approach has been associated
with a tremendous decline in mortality to as low as 0.8%.1%/12
Increased postoperative longevity has highlighted previously
unknown consequences of the significant alteration in internal
anatomy, including gastric stasis and delayed transit, gastric
ulcers, pancreatic exocrine, and endocrine dysfunction.t34

Although previous studies based in Japan have identified
intraoperative blood loss,® exocrine insufficiency,” and
pancreatic adenocarcinomal® as factors associated with the
development of NAFLD postoperatively, this phenomenon has
not been studied in a North American population. Further-
more, it has not been evaluated in patients undergoing
isolated resection of the pancreas, which is the organ impli-
cated in the development of NAFLD after PD. The purpose of
this study is to evaluate de novo NAFLD after pancreatic
surgery and to identify its associated risk factors.

Methods

Overview

This retrospective review was conducted at a single site (Rhode
Island Hospital, USA) and was approved by the Lifespan
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Institutional Review Board (IRB). Study patients were identi-
fied and included if they underwent PD or distal pancreatec-
tomy (DP) between 1 January 2007 and 31 December 2013.
Patients were retrospectively followed from 3 to 12 months
following the procedure for both radiographic and laboratory
data. A comprehensive chart review was conducted to elicit
age, gender, surgery type, use of adjuvant chemotherapy and
pancreatic enzyme replacement, laboratory values, comor-
bidities, and body mass index (BMI) before and after surgery.
Patients were excluded if there was a documented history of
alcohol abuse, viral hepatitis (either documented or the
presence of a positive viral serology), or if relevant and
timely imaging studies could not be located.

Radiology

Pre- and postoperative intravenous (IV), contrast-enhanced
computed tomography (CT) scans of the abdomen were
reviewed in conjunction with a radiologist. Preoperative
images were obtained within 3 months of surgery, and post-
operative images obtained between 3 and 12 months after
surgery were included. All CT scans were performed at a
single institution with the type and amount of IV contrast
material and scan delay held constant. Using manually drawn
regions of interest on the portal venous phase images, the
attenuation (measured in Hounsfield units, or HUs) of three
areas of the liver, one of the spleen, and one in the paraspinal
muscles were measured for each patient on both pre- and
postoperative studies (Fig. 3, Fig. 4). The paraspinal muscles
were included to account for the high proportion of DP
patients that underwent splenectomy at the time of surgery.
Ratios were calculated using the average liver attenuation
divided by the organ of interest (spleen or muscle). Liver
biopsies were not available to confirm pathologic diagnosis
of hepatic steatosis. Because of the lack of standardization
in the literature using liver to muscle ratio (LMR) with
contrast-enhanced CT, we were unable to define NAFLD for
individual patients, but inferred hepatic deposition based on
a decrease in the ratio on a population level.

Statistics

Data were analyzed using SAS Software 9.4 (SAS Inc., USA).
The LMR was examined by comparing the pre- vs. post-
operative periods, DP vs. PD, BMI, and male vs. female
using mixed linear modeling with sandwich estimation,
where observations were nested within subjects. Mixed mod-
eling was also used to examine the relationship between the
pre- and postoperative periods, LMR, and DP vs. PD on
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase, and total bilirubin (TB). Pearson
correlations were used to examine the relationship between
blood loss and LMR. Differences in various demographics and
biomarkers between DP and PD were examined both pre- and
postoperatively using t-tests. Multiple comparisons were
examined using Bonferroni corrections. Alpha was set at
the 0.05 level, and all interval estimates were calculated for
95% confidence.

Results
There were 204 patients who underwent pancreatic surgery

during the study period. Of these, 108 were excluded due to
lack of imaging (n=97), history of alcoholism (n=6), viral
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Fig. 1. Liver to muscle ratio in entire cohort.

hepatitis (n=3), and hepatic metastases (n=2). Lack of
imaging occurred when a different modality (such as mag-
netic resonance imaging (MRI)) was used or the patient had
outside imaging unable to be located. Of the 96 remaining
patients, 67 (70%) underwent PD, and 29 (30%) underwent
DP. The overall mean duration of days of follow-up for the
postoperative imaging was 287.5 days (95% confidence
interval (CI), 226.1-348.8 days). Demographics, including
age, sex, pre- and postoperative BMI, surgical blood loss, use
of adjuvant chemotherapy, and postoperative pancreatic
enzyme supplementation, are shown in Table 1. Patients
that underwent DP were younger than the PD group
(Table 1). The DP group, however, had more adjuvant chemo-
therapy and higher rates of pancreatic enzyme supplementa-
tion documented than the PD group.

Hemoglobin was significantly decreased in the PD group
but not in the DP group, and this difference persisted between
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Fig. 2. Liver to muscle ratio by gender.
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PD and DP during the postoperative period. Other significant
decreases that occurred in the PD group include BMI, hemo-
globin Alc, AST, ALT, alkaline phosphatase, and TB. Albumin
was significantly increased in the PD group, and this preop-
erative difference was noted between the PD and DP groups
(Table 1).

There was a significant decrease (p=0.0255) in LMR
between the pre- and postoperative periods, from 1.81 pre-
operatively to 1.66 postoperatively, an 8.5% decrease (Fig. 1,
Table 3). This was seen in 53 of 96 patients (55%). There was
an interaction effect with BMI for LMR reduction that
approached significance (p=0.10). Notably, this effect was
more pronounced among PD patients than patients that
underwent DP (Table 1).

There were notable sex differences observed in the LMR
(Fig. 2). Females had higher LMRs (1.83,95% CI[1.68-1.99])
than males (1.50, 95% CI [1.37-1.63]), postoperatively
(p=0.01). Although the LMR did not change for women
between the pre- and postoperative periods (p=0.99), the
LMR was significantly reduced for men from 1.81 (95% CI
[1.63-1.93]) to 1.50 (95% CI [1.37-1.63]) (p=0.003).

Pathology of resected specimens are included in Table 2.
While pancreatic adenocarcinoma (60%) and ampullary car-
cinoma (13%) dominated the PD group, the DP group was
dominated by pancreatic adenoma (20%), neuroendocrine
tumor (24%), and serous cystadenoma (17%).

Radiographic characteristics of all included groups are
included in Table 3. Differences were not noted between the
pre- and postoperative periods for liver attenuation or liver to
spleen ratio (LSR). A significant decrease in LMR was
observed in the overall cohort but not in either group when
analyzed separately.

There was no significant effect of pre- and postoperative
periods and surgery type on LMR (p=0.59). The presence
of malignancy, as determined by pathology, did not signifi-
cantly influence LMR postoperatively (p=0.96) nor did the
use of chemotherapy (when divided in 5-fluorouracil based
therapy, gemcitabine based therapy, and no chemotherapy).
There was no interaction observed between surgical groups,
cancer, and the preoperative and postoperative periods
(p=0.82). There was also no interaction between ALMR and
surgical group with AST, ALT, alkaline phosphatase, and TB
(all p>0.05).

Fig. 3. Areas of interest for attenuation measurement.

Fig. 4. Measured diameters of areas of interest for attenuation.

No correlation was observed between amount of blood loss
and LMR (r=-0.159) as an aggregate. This held true for PD
(r=-0.08) and DP (r=-0.185) when analyzed separately.
Furthermore, use of postoperative pancreatic enzymes did
not correlate with LMR as an aggregate (p=0.45) or by surgi-
cal type (p=0.98).

Discussion

In this study, we found that NAFLD developed in male patients
after PD and DP, as determined by a reduction in hepatic
attenuation compared with muscle (LMR). This reduction in
attenuation was observed in greater than half (55%) of the
study patients. These findings corroborate those of other
studies with Asian subjects that observed this phenomenon in
12-37% of subjects.®71>1® Post-PD reductions in hepatic
attenuation ranged from 10 to 36 HU.57*> We found this
both in patients that underwent PD and DP, a population not
included in the previous studies.

We employed two novel radiographic techniques to deter-
mine and test for the presence of postoperative hepatic
steatosis. First, we used contrast-enhanced CT, the predom-
inant source of radiographic surveillance at our center.
Previous studies using noncontrast CT have shown an LSR
of 0.9 to be a specific marker of hepatic steatosis.®:811:16
Some authors'” have suggested comparable specificity with
contrast-enhanced CT, specifically in the portal phase, but
with low sensitivity.'® These studies utilized the spleen for
reference. Although type and amount of contrast material
injected, injection timing, and scan parameters may influence
LSR,*? these variables were held constant across scans.

Due to the high prevalence of patients that underwent
splenectomy in our study, we used muscle as a comparator to
detect change in hepatic attenuation. This technique was
reported and validated by previous studies?®?! and was
shown to have high inter and intrareader reproducibility.2®

Here, there was no interaction between LMR and cancer
diagnosis, use of chemotherapy, blood loss, use of postoper-
ative pancreatic enzyme replacement, or alteration in liver
enzymes. Previous studies had found that the presence of
pancreatic adenocarcinoma,® perioperative blood loss,®” and
exocrine insufficiency” affected the course of hepatic steatosis
development after PD. While our study found no interaction

Journal of Clinical and Translational Hepatology 2015 vol. 3 | 246-253 249



Table 2. Pathology of patients
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Entire cohort

Pancreaticoduodenectomy Distal pancreatectomy

Pathology N (%) (n=67) N (% of group) (n=29) N (% of group)
Pancreatic adenocarcinoma 46 (47.9) 40 (59.7) 6 (20.1)
Pancreatic neuroendocrine tumor 11 (11.4) 4 (6.0) 7 (24.1)
Intra-papillary mucinous neoplasm (IPMN) 11 (11.4) 7 (10.4) 4 (13.8)
Ampullary/periampullary carcinoma 9 (9.4) 9 (13.4) 0 (0.0)
Mucinous cystadenoma 1(1.0) 0 (0.0) 1(3.4)
Serous cystadenoma 5(5.2) 0 (0.0) 5(17.2)
Duodenal adenocarcinoma 2 (2) 2 (3.0) 0 (0.0)
Autoimmune pancreatitis 1(1.0) 0 (0.0) 1(3.4)
Pancreatic adenocarcinoma with neuroendocrine 1(1.0) 0 (0.0) 1(3.4)
differentiation

Cholangiocarcinoma 1(1.0) 1(1.5) 0 (0.0)
Gastric adenocarcinoma 1(1.0) 0 (0.0) 1(3.4)
Liposarcoma 1(1.0) 1(1.5) 0 (0.0)
Metastatic malignancy (from renal cell carcinoma) 1(1.0) 0 (0.0) 1(3.4)
Chronic pancreatitis 1(1.0) 0 (0.0) 1(3.4)
Schwannoma 1(1.0) 1(1.5) 0 (0.0)
Solid pseudotumor papillary neoplasm 1(1.0) 0 (0.0) 1(3.4)
Gastrointestinal stromal tumor 1(1.0) 1(1.5) 0 (0.0)
Retention cyst 1(1.0) 1(1.5) 0 (0.0)

between decreased LMR and blood loss, there was a significant
decline in postoperative hemoglobin (Table 1). Previous
authors® have postulated that intraoperative blood loss
induces ischemia with resultant insulin resistance. However,
we cannot conclude that long-term postoperative anemia is
due to intraoperative loss. The inability to detect an interaction
of LMR with cancer and chemotherapy does not exclude the
possibility of a potential interaction effect. However, the obser-
vation of a postoperative decrease in LMR, seen in both surgi-
cal groups, suggests that fatty infiltration may be related to
pancreatic volume loss.

Prior studies have found that the use of postoperative
pancreatic enzyme replacement is protective against the
development of NAFLD.”8:15:16 Fajlure to find a protective
effect with postoperative use of pancreatic enzymes does not
exclude the possibility that it may ameliorate NAFLD. First, we
were unable to obtain data on the diagnosis of pancreatic insuf-
ficiency. Second, we were unable to identify dosing. Nakagawa
et al. postulated that inadequate dosing may not be able to
counter the effects of weight loss and malnutrition.”

BMI and sex were associated with a decrease in LMR. While
the interaction of BMI with postoperative LMR approached
statistical significance, there was a significant reduction in
BMI of the study cohort from 28.5 at baseline to 25.5 kg/m?
postoperatively. This trend, replicated in other studies,”-8:1®
suggested that the pathophysiology associated with the
development of NAFLD mimics that of fatty infiltration in mal-
nutrition. In the absence of metabolic syndrome and insulin
resistance, malnourishment may lead to diminished lipopro-
tein synthesis, leading to decreased exportation of lipids from

the liver.® Tanaka et al. suggested that a decrease in apolipo-
protein B synthesis, which assists in very low density lipopro-
tein secretion from hepatocytes, may also play a role.'®
However, our study did show a statistically significant increase
in hemoglobin A1C for patients that underwent DP rather than
PD (Table 1). Some have found that endocrine dysfunction
correlated with postoperative hepatic steatosis following
PD,'> while others have not.”

Furthermore, we found a significant interaction of LMR with
sex, where fat deposition was notably increased in men. This
finding is consistent with prior epidemiologic studies, which
have shown that the incidence of NAFLD is higher in men,
even when adjusting for intra-abdominal adiposity.?> Some
have theorized that estrogen is protective against adipogen-
esis?3 This hypothesis was corroborated by others who have
noted that the presence of NAFLD is greater among postme-
nopausal women than premenopausal women.?*

The decrease in LMR in our study was not correlated with
an elevation in liver enzymes. There were only preoperative
differences between the two surgical groups (Table 1) for AST,
ALT, alkaline phosphatase, and TB. A decrease in transami-
nases occurred most predominantly in the PD group
between the pre- and postoperative period. We believe this
effect was largely related to the relief of biliary obstruction
due to the cholestatic pattern of elevation, which was relieved
by surgical reconstruction and was observed previously.?>

While elevations in transaminases remain the most
common biochemical abnormality in patients with NAFLD,2®
it is not a specific marker. A wide spectrum of histologic find-
ings has been noted among patients with normal ALT
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values.?”-2® One study® noted that AST was significantly ele-
vated among post-PD patients compared with controls,
however, this difference was small and still within the range
of normal (37 compared with 25 IU/L).

Our study had several limitations. As noted, the use of
LMR, while used by previous investigators, is not a gold-
standard for detecting hepatic steatosis. Our intention,
however, was not to detect or quantify baseline steatosis
but to measure change in hepatic fat content within the same
patient before and after surgery. With scan parameters kept
constant, a decrease in liver parenchymal attenuation can
only be attributed to hepatic fat deposition. We, therefore,
concluded that a decrease in LMR implied fatty infiltration.
Unfortunately, lack of standardized ranges for this measure-
ment did not allow us to determine which specific patients met
criteria for de novo NAFLD. Thus, we were unable to select a
specific threshold by which to classify patients with and
without NAFLD. Furthermore, the sex discrepancy noted in
our study may be influenced by inherent sex differences in
muscle composition. While this possible baseline difference
might affect the absolute value of muscle attenuation, it
should not change the pre- and postoperative images
and, therefore, should not affect comparison of LMRs. The
finding of diminished LMR was replicated in both surgical
groups. Although this study was retrospective and some
patients lacked sufficient follow-up, our sample size was
greater than those in previously reported studies®>® and
incorporated patients that underwent isolated pancreatic
resection.

Conclusions

Our study demonstrates that male patients are at high risk for
developing hepatic steatosis in the year following pancreatic
surgery, based on decreased LMR as determined by contrast-
CT studies. Although the pathogenesis of this phenomenon is
not well understood, it may be intrinsic to the removal of a
portion of the pancreas itself, a side-effect of alternate
digestive anatomy or a combination of both. Furthermore,
the use of serum transaminases does not appear sensitive
enough to detect subtle changes of fatty composition in this
setting. Future prospective studies ought to delineate this
phenomenon using more specific quantitative metrics of
hepatic fat, such as MRI and to gain further insight into
alternate pathways for fatty liver pathogenesis.
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