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Abstract

Obesity, insulin resistance, and metabolic syndrome continue to increase in prevalence. Hy-
pertriglyceridemia is commonly associated and represents a valuable marker of metabolic syn-
drome. An increase in subcutaneous fat deposition places patients at risk for visceral adipose
deposition in sites such as the liver, heart, and pancreas. Pancreatic steatosis in the setting of
metabolic syndrome is a rapidly emerging entity whose clinical spectrum remains to be de-
fined. Hypertriglyceridemia is an accepted cause of acute pancreatitis but its role in chronic
pancreatic injury remains to be explored. We present 3 patients with chronic abdominal pain
and pancreatic steatosis in the setting of underlying metabolic syndrome with hypertriglycer-
idemia. These cases were identified in one endoscopic ultrasonographer’s practice over a 12-
month period. Each patient had documented hypertriglyceridemia but no history of acute hy-
pertriglyceride-induced pancreatitis. A history of significant alcohol exposure was carefully ex-
cluded. Each patient underwent endoscopic ultrasonography (EUS) which proved critical in de-
lineating the spectrum of chronic pancreatic injury. Each of our patients had EUS documenta-
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tion of pancreatic steatosis and sufficient criteria to establish a diagnosis of chronic pancreati-
tis. Intraductal pancreatic calculi were identified in all 3 patients. Our series suggests that in
the setting of metabolic syndrome, chronic hypertriglyceridemia and pancreatic steatosis may
be associated with chronic pancreatitis. We hypothesize that hypertriglyceridemia may provide
a pathogenic role in the development of chronic pancreatic microinjury. In addition, each of
our patients had EUS-documented pancreatic ductal lithiasis. To our review, these are novel
findings which have yet to be reported. We believe that with an enhanced awareness, it is likely
that the entity of metabolic syndrome with features of pancreatic steatosis and hypertriglyc-
eridemia with their associated manifestations of chronic pancreatitis, including ductal lithiasis,

will be widely appreciated. © 2018 The Author(s)
Published by S. Karger AG, Basel

Background

Obesity, insulin resistance, and metabolic syndrome continue to increase in prevalence
[1]. An increase in subcutaneous fat puts patients at risk for visceral adipose accumulation in
sites such as the liver, pancreas, and heart leading to hepatic steatosis, insulin resistance, and
coronary artery disease [2, 3]. Pancreatic steatosis is an increasingly appreciated finding, es-
pecially with endoscopic ultrasound (EUS) imaging. Pancreatic fat is closely related to meta-
bolic syndrome and hepatic steatosis but its effect has been poorly understood, and its clinical
implications remain vaguely defined [4-8]. Hypertriglyceridemia is clearly established as a
cause of acute pancreatitis. However, hypertriglyceridemia has yet to be associated with pan-
creatic ductal lithiasis and chronic pancreatic injury.

Cases

Case 1

A 69-year-old Caucasian female was referred for chronic abdominal pain. She had been
losing weight (11 Ibs) unintentionally over a 2-month period. Abdominal CT scan revealed
pancreatic duct (PD) dilation from neck to tail up to 1.2 cm with a 1-cm stone in the pancreatic
neck. Minimal inflammation in the midportion of the body of the pancreas was noted along
with a 2.8 x 2.9 cm cyst in the tail. Endoscopic ultrasound was pursued to further examine this
PD stone and to rule out a malignant process.

Her past medical history includes obesity (221 lbs, BMI 41.75), type 2 diabetes mellitus,
hypertriglyceridemia, hepatic steatosis, and hypertension. There is no family history of any
gastrointestinal (GI) or autoimmune disorders. She has a 30-pack-year smoking history (none
for 10 years) and rare social alcohol use. Labs were significant for a mild normocytic anemia
and lipase which was within normal limits. Triglycerides were normal but had been docu-
mented to be >1,000 mg/dL prior to the initiation of medical therapy.

EUS demonstrated the pancreas to be hyperechoic consistent with steatosis (Fig. 1). The
cyst which was noted on CT had resolved; however, there was significant PD dilation in the
body and tail. The PD measured 12.7 mm, and the minor duct was dilated to 4.9 mm; both of
them contained large calcified stones causing obstruction (Fig. 2). Hyperechoic foci with
strands and focal hyperechoic duct walls were also present.
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Case 2

A 68-year-old Caucasian female was referred for evaluation of ongoing abdominal pain.
Since her cholecystectomy, she developed vacillating epigastric pain associated with nausea,
vomiting, and loose stools. CT scan revealed mild peripancreatic haziness suggestive of pan-
creatitis.

Her past medical history includes obesity (209 lbs, BMI 34.78), hypertension, hypertri-
glyceridemia, and hepatic steatosis. There is no family history of GI or autoimmune disorders
and no tobacco or alcohol use. Fasting triglyceride level was 2,400 mg/dL. Labs were other-
wise normal including IgG subclasses. EUS demonstrated hepatic and pancreatic steatosis
with PD body dilation (to 4.5 mm) due to a calcified stone.

Case 3

A 75-year-old Caucasian female was referred for chronic epigastric abdominal pain, nau-
sea, and vomiting with low-grade lipase elevations. EUS, at that time, revealed fatty pancreas
and common bile duct dilation to 8 mm without calculi. Four months later, she again devel-
oped abdominal pain.

Her past medical history is significant for hypertension, hypertriglyceridemia, hypercho-
lesterolemia, hepatic steatosis, and obesity (222 1bs, BMI 37.03). Surgical history is significant
for bilateral hip arthroplasties and cholecystectomy. There is no family history of any GI or
autoimmune disorders. She is a former smoker, but quit 40 years ago (1.25 pack-years), and
uses alcohol on rare occasions. Laboratory studies were notable for high triglycerides (240
mg/dL).

Due to her recurrent abdominal pain, EUS was repeated. It revealed parenchyma which
was hyperechoic, consistent with pancreatic steatosis. A PD stone and ductal dilation to 8 mm
were identified. The common bile duct was again dilated to 9 mm but without choledocho-
lithiasis or sludge. Several months later, the patient underwent removal of the PD stone due
to persistent chronic abdominal pain.

Discussion

We believe pancreatic steatosis has pathogenic implications and may be related to hyper-
triglyceridemia as is true in other organs. Pancreatic steatosis has been found to promote me-
tastasis and increase mortality in pancreatic adenocarcinoma as well as fistula formation after
pancreatic mass resection [9-11]. One recent retrospective study identified fatty pancreas in
32 of 2,338 (1.4%) patients undergoing EUS over a 5-year period, with abdominal pain being
the dominant indication for the procedure. Alcohol consumption and metabolic syndrome
were significantly associated [12].

We present 3 patients with metabolic syndrome including variable elevations in triglyc-
erides and chronic abdominal pain. EUS greatly expanded the extent of pancreatic injury by
identifying PD stones, ductal dilation, hyperechoic strands and foci consistent with chronic
pancreatitis by Rosemont criteria [13]. Despite these findings, none of our patients had a doc-
umented episode of acute pancreatitis. While we appreciate that acute episodes of pancreati-
tis may have occurred and eluded documentation, we suspect an element of chronic, subclin-
ical, hypertriglyceride-induced, low-grade injury to be likely.

Hypertriglyceridemia leads to increased free fatty acids and inflammatory mediator re-
lease via pancreatic lipase release and enhanced lipolysis secondary to hyperchylomicrone-
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mia [14]. Pancreatic steatosis may provide enhanced substrate for pancreatic lipase and a po-
tential for subclinical injury. Irrespective of mechanism, we believe the clinical presentation
of our patients, along with EUS evidence of chronic calcific pancreatitis, suggests a possible
role for chronic microinjury due to hypertriglyceridemia. A recent study by Pedersen et al.
[15] demonstrated that pancreatitis can occur in the setting of lower than expected triglycer-
ide levels. In this study of 116,550 individuals, it was found that pancreatitis can occur with
triglyceride levels as low as 177 mg/dL [15]. Traditionally, the development of pancreatic in-
sult has been associated with triglyceride levels >1,000 mg/dL [14].

Our findings contrast those of Sepe et al. [4] who examined 250 patients with pancreatic
steatosis on EUS and proposed no association between fatty pancreas and chronic pancreatitis
but did distinguish metabolic syndrome as a strong risk factor for developing pancreatic ste-
atosis. To our review, we provide the initial evidence that chronic calcific pancreatitis may be
associated with metabolic syndrome and hypertriglyceridemia. While genetic testing was not
performed in our patients, we believe hereditary pancreatitis to be unlikely given the lack of
family history and advanced age of our patients. Nevertheless, we appreciate that a genetic
predisposition may exist and may ultimately be defined. Our reported cases occurred over a
12-month period in one endoscopic ultrasonographer’s practice which may imply that our
findings may not be unique. We believe that such cases have been undiagnosed or misdiag-
nosed as either alcohol-induced, hereditary, or idiopathic.

Our series provides evidence for a potential pathogenic role of hypertriglyceridemia in
the development of chronic pancreatic injury. As such injury may occur with modest eleva-
tions in triglycerides, treatment of the hypertriglyceridemia may result in clinically meaning-
ful implications. We believe that with an enhanced awareness, it is likely that the entity of
metabolic syndrome with features of pancreatic steatosis and hypertriglyceridemia leading to
chronic pancreatic injury, with its associated complications, will be widely appreciated. Fu-
ture studies are needed to validate our findings and to further explore the relationship of pan-
creatic steatosis and hypertriglyceridemia in the genesis of chronic pancreatic injury.
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Fig. 1. Example of pancreatic steatosis on endoscopic ultrasonography in patient 1. Patients 2 and 3 were
found to have similar findings.
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Fig. 2. Pancreatic duct dilation with pancreatic duct lithiasis on endoscopic ultrasonography in patient 1.
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