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Abstract
Hypertriglyceridemia (HTG) is a well established but underestimated cause of acute (AP) and
recurrent AP (RAP). The clinical presentation of HTG-induced pancreatitis (HTG pancreatitis) is
similar to other causes. Pancreatitis secondary to HTG is typically seen in the presence of one or
more secondary factors (uncontrolled diabetes, alcoholism, medications, pregnancy) in a patient
with an underlying common genetic abnormality of lipoprotein metabolism (Familial combined
hyperlipidemia or Familial HTG). Less commonly, a patient with rare genetic abnormality
(Familial chylomicronemic syndrome) with or without an additional secondary factor is
encountered. The risk of AP in patients with serum triglycerides >1000 mg/dl and >2000 mg/dl is
∼5% and 10-20% respectively. It is not clear whether HTG pancreatitis is more severe than when
it is due to other causes. Clinical management of HTG pancreatitis is similar to that of other
causes. Insulin infusion in diabetic patients with HTG can rapidly reduce triglyceride levels. Use
of apheresis is still experimental and better designed studies are needed to clarify its role in
management of HTG pancreatitis. Diet, lifestyle changes, control of secondary factors are key to
the treatment and medications are useful adjuncts to long term management of triglyceride levels.
Control of triglyceride levels to well below 500 mg/dl can effectively prevent recurrences of
pancreatitis.
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Introduction
Hypertriglyceridemia (HTG) is a well established cause of acute (AP) and recurrent acute
pancreatitis (RAP). A recognition of HTG as a cause or contributing factor for AP is often
delayed or completely missed. Patients with HTG-induced pancreatitis (HTG pancreatitis)
often have recurrent attacks which may require repeated hospitalizations. Optimum control
of serum triglyceride (TG) levels can prevent recurrences of pancreatitis.

In a review on this topic about ten years ago1, we discussed issues that clinicians face in the
diagnosis and management of patients with HTG pancreatitis. Since then, new data has
emerged on distribution of HTG and other pancreatitis risk factors in the general population,
and prevalence of pancreatitis in patients with severe HTG. Furthermore, clinical and
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experimental studies have evaluated the role of HTG in the severity of AP and the
mechanisms by which free fatty acids (FFA) may cause pancreatic injury. In this update, we
incorporate recent data in discussing clinical questions relevant to the practicing physicians,
define disease risk and review potential mechanisms for HTG pancreatitis.

Question 1: In what clinical scenarios should I suspect HTG pancreatitis?
HTG can be difficult to establish as the etiology of AP since mild to moderate elevations in
serum TG are seen in up to one third of all cases of AP, regardless of etiology2,3. Mild
elevation in TG in the setting of AP appears to be an epiphenomenon without an established
association with pathogenesis or severity. Conversely, markedly elevated levels of TG are
an uncommon but well-established cause of AP, seen in 2-4% cases4,5.

In a patient presenting with AP, HTG as the potential etiology should be suspected in the
following scenarios with decreasing frequency: poorly controlled diabetes (established or
new diagnosis) in the absence of other risk factors like gallstones, significant alcohol
consumption or medications; an alcoholic patient who has very high TG levels; the use of
medications known to cause HTG; and, during the third trimester of pregnancy. The
common theme in these scenarios is that presence of secondary factor(s) in a patient with an
underlying common genetic abnormality of lipoprotein metabolism (Familial combined
hyperlipidemia [FCHL] or Familial HTG) can result in elevations of serum TG to levels that
can cause pancreatitis. Less commonly, a patient with a genetic abnormality (Familial
chylomicronemic syndrome) will present with HTG pancreatitis spontaneously or in the
presence of a secondary factor. Detection of lactascent or lipemic serum, physical
examination findings such as eruptive xanthomas or lipemia retinalis, or features of
metabolic syndrome (e.g. abdominal obesity, premature coronary artery disease,
nonalcoholic fatty liver disease, etc.) should raise suspicion for underlying HTG.

Question 2: How should we define HTG and how prevalent is it in the
general population?

In its recent clinical practice guidelines6, the Endocrine Society has proposed the following
criteria to classify serum TG levels: normal (<150 mg/dl) [1 mmol = 88.5736 mg/dl]; mild
HTG (150-199 mg/dl), moderate HTG (200-999 mg/dl); severe HTG (1000-1999 mg/dl);
and, very severe HTG (≥2000 mg/dl). These definitions differ from the NCEP ATP III
criteria7 to recognize the risk of pancreatitis associated with severe and very severe HTG.

The NHANES study has longitudinally evaluated distributions of serum lipids in a
representative sample of US adults. Using NHANES data from 2001-2006, Christian et al8

found serum TG levels to be 150-200 mg/dl, 200-500 mg/dl and 500-2000 mg/dl in 14.2%,
16.3% and 1.7% US adults respectively. Unfortunately, the latter group (500-2000 mg/dl)
was not subdivided to determine the prevalence of TG >1000 mg/dl. Very severe HTG (i.e.
>2000 mg/dl) was seen in only 3/5680 (0.0005%) individuals and they were excluded from
further analyses. Subjects with TG over 500 mg/dl were more likely to be men, of middle
age and have a higher prevalence of diabetes, chronic renal disease and concurrent
abnormalities in other serum lipids (high non-HDL and low HDL).

Question 3: What is the risk of pancreatitis with HTG?
The absolute risk of pancreatitis based on serum TG has not been clearly defined. A recent
population based Swedish study of 33,260 adults evaluated the risk of AP based on baseline
serum TG levels after controlling for demographic factors and lifestyle habits during a 25
year follow up9. TG elevation – any, >200 mg/dl, >500 mg/dl and >1000 mg/dl was noted in
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about 25%, 10%, 4% and 0.05% individuals, respectively. Although no threshold could be
determined, a significant trend for an increase in the risk of AP was observed from the
lowest to the highest quantile, with the highest quantile showing statistical significance. AP
risk was limited to patients with a clinical history suggestive of non-obstructive, non-
alcoholic AP (i.e. idiopathic AP). A limitation of this study is that TG estimation at one time
point was correlated with outcome that occurred several years later.

Three recent retrospective studies used prevalence of pancreatitis as a surrogate for lifetime
risk in patients with severe/very severe HTG10-12. Among 95 patients with TG levels of
>1771 mg/dl (mean TG 3376 mg/dl) evaluated at a tertiary care outpatient lipid clinic over a
12 year period12, Sandhu et al noted a history of pancreatitis in 15.8%. The lowest TG
during episodes of pancreatitis was 1815 mg/dl. In an additional cohort of 91 patients who
had TG levels between 886-1771 mg/dl, a history of pancreatitis was present in only 3.3%,
and in each of these patients, TG at the time of pancreatitis was >1771 mg/dl. Linares et
al11studied 129 consecutive patients referred for an inpatient endocrinology consultation for
severe HTG (TG level >1000mg/ml) over a 6 year period. The vast majority of these
patients had Frederickson type IV hyperlipidemia (92%), while the remainder had type V
hyperlipidemia (8%). A history of AP was present in 20.2% patients after exclusion of other
etiologies. The mean maximum TG level was significantly higher in patients with AP when
compared with patients without AP (4470 vs. 2450 mg/ml, p<0.0001). Furthermore, over
85% of patients who had AP had maximal TG levels >3000 mg/ml and 65% had levels
>5000 mg/ml. When compared with patients without AP, those with AP were significantly
younger at the time of admission (43.1 vs. 48 years) and at diagnosis of HTG (32.4 vs. 40.2
years). In another study of 300 in- and out-patients with at least one TG level of >1000 mg/
dl, Bessembinders et al10 found a history of pancreatitis in 8% and documented pancreatitis
in 4% patients. The prevalence of pancreatitis increased with TG levels: history of
pancreatitis and documented pancreatitis was noted in 8% and 4% in the third quartile (1415
- 2411 mg/dl) and in 19 and 11% in the highest quartile (>2411 mg/dl). Over two-third of
patients with pancreatitis were in the highest TG quartile and about one-fourth were in the
third quartile. These data tend to support the commonly held notion that the risk of
pancreatitis is increased only with severe HTG (>1000 mg/dl).

While more studies are needed to better define the risk of pancreatitis with TG elevations of
less than 1000 mg/dl, the following conclusions can be drawn from available data – when
compared with the lifetime risk of pancreatitis in the general population (about 0.5-1%), the
risk in patients with severe HTG (TG levels >1000 mg/dl) is similar to or slightly higher
(∼5%) than among heavy drinkers13. In individuals with very severe HTG (TG >2000 ,g/dl),
the risk is much greater (10-20%).

Question 4: What are the risk factors for HTG pancreatitis?
Serum TG level is a reflection of dietary intake, endogenous production and clearance of TG
containing lipids and lipoproteins. A detailed review of TG metabolism is beyond the scope
of this review. To summarize6,14, TG is mostly carried in the blood as VLDL, and VLDL
concentrations are about 10 times higher than chylomicrons. FFA generated by the
hydrolysis of dietary TG by luminal lipases enter the enterocytes where most are
incorporated into chylomicrons and released into the circulation for utilization by peripheral
tissues for energy. In peripheral tissues, chylomicrons are broken down by lipoprotein lipase
(LPL) bound to capillary endothelium to release FFA. Unused chylomicrons (chylomicron-
remnants) and FFA (not used by tissues or generated from other sources) released into the
circulation are taken up by the liver and converted to VLDL. LPL in peripheral tissues also
generate FFA from TG present in VLDL. VLDL metabolism is regulated by several
apolipoproteins, for e.g. apoC-II is a cofactor for LPL, apoC-III blocks the uptake of
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lipoproteins by liver receptors and impairs LPL activity, and, apoE is a ligand for hepatic
uptake of TG rich remnants.

HTG can occur from a primary (genetic) abnormality of lipid metabolism or presence of
secondary factor(s) (Tables 1 and 2), due to an overproduction of TG (VLDL) (e.g. insulin
resistance, visceral obesity, alcohol use, pregnancy, oral estrogens); reduced clearance of TG
due to defective LPL activity (e.g. LPL deficiency, defects in apoC-II, defective association
of LPL with vascular wall [antibodies to heparin]); reduced clearance of VLDL and
chylomicron remnants by the liver (e.g. mutations in apoC-III, apoE, apoA-V, angiopoietin-
like protein 4); or from a combination of these6,15.

Diabetes is the most common secondary factor physicians would encounter in patients with
HTG pancreatitis. TG levels are higher in patients with poorly controlled diabetes and in the
setting of diabetic ketoacidosis16, thereby increasing the risk of pancreatitis. The prevalence
of diabetes in HTG pancreatitis is much higher than the general population and patients with
HTG but no pancreatitis. In the NHANES study, the prevalence of diabetes in US adults
with normal TG level was 5.2% and in those with TG levels between 500-2000 mg/dl was
14.6%8. In contrast, the prevalence of diabetes was 42.3% and 72% in two series of patients
with HTG pancreatitis4,11. The mechanism of HTG in diabetes is linked to insulin resistance
which leads to excess FFA return to the liver, increased VLDL production and decreased
apoB synthesis; and to hyperinsulinemia which promotes de novo TG synthesis17. It is to be
remembered that diabetes can independently increase the risk of AP by 1.5-2.5 folds after
controlling for demographic and other risk factors18,19, including HTG20.

Ingestion of alcohol can increase TG levels, even in individuals without underlying HTG.
While the effect of moderate alcohol consumption on TG level does not appear to be
clinically significant, chronic heavy alcohol consumption can result in significant HTG21.
Alcohol increases TG levels from an increase in synthesis of large VLDL particles in the
liver, increase in splanchnic extraction of TG from VLDL remnants and chylomicrons,
decreased LPL activity, and decreased lipogenesis and glucose oxidation in adipose tissue21.

Estrogens increase TG levels due to stimulation of VLDL production in the liver6. The
effect of estrogens can be seen during replacement or contraception22 and during
pregnancy23. Since transdermal estrogens bypasses the liver, it does not result in an increase
in TG levels24. Medications commonly associated with HTG and pancreatitis are listed in
Table 125-32. HTG pancreatitis has also been reported in rare disorders such as glycogen
storage disease33 and certain lipodystrophies34.

Presence of more than one secondary factor further increases the risk of HTG.
Bessembinders et al10reviewed records of 300 patients seen either as an out- or in-patient at
their institution and had at least one documented serum TG measurement of >1000 mg/dl.
The prevalence of diabetes, overweight (BMI >25 kg/m2 or obesity diagnosis) or alcoholism
(>21 drinks/week men; >14 drinks/week women) in this cohort was 49%, 80% and 28%
respectively. Mean TG levels were significantly higher in patients with alcohol abuse but
did not differ based on the presence of diabetes or overweight. The prevalence of alcoholism
and pancreatitis increased with the levels of TG – 41% patients in the highest quartile had
alcohol abuse when compared with 14% in the lowest quartile; over two-third of patients
with pancreatitis were in the highest TG quartile (>2411 mg/dl) and about one-fourth were
in the third quartile (1415 - 2411 mg/dl). Alcohol, overweight and diabetes were seen in
some combination in close to 90% of all patients. The combination of any two risk factors
resulted in higher TG levels than when present alone; and patients with all three risk factors
had the highest TG levels.
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From a conceptual standpoint, it is important to understand the relationship between primary
and secondary factors in increasing the risk of HTG pancreatitis (Figure 1). With the
exception of patients with Familial chylomicronemic syndrome who can have spontaneous
elevations of TG levels of >2000 mg/dl, TG levels in other genetic causes of TG usually
range between 250-1000 mg/dl. As a prerequisite, these conditions require the presence of
secondary risk factor(s) to result in severe or very severe HTG and thus increase the risk of
pancreatitis. Similarly, presence of secondary factor alone in the absence of a genetic
abnormality may not be sufficient to cause severe or very severe HTG. Therefore,
individuals with a TG level >2000mg/ml commonly have both a primary genetic defect and
a secondary risk factor. Since FCHL and FHTG are seen frequently in the general
population (1:200 and 1:500 respectively), the most common scenarios for encountering a
patient with HTG pancreatitis is someone with either FCHL or FHTG who also has one or
more of the following secondary factors: uncontrolled diabetes, alcoholism, pregnancy/oral
estrogen use or another medication that can cause HTG.

Question 5: How should I make a diagnosis of HTG as the cause of
pancreatitis?

Elevation of serum TG levels to ≥1000 mg/dl in a patient with AP provides strong support
for HTG as the cause. TG level of ≥500 mg/dl should raise a high degree of suspicion,
especially if no other obvious etiology of AP is apparent or when estimation of TG has been
delayed. Ideally, serum TG level needs to be sent within 24 hours of presentation (as close
to the onset of pain or presentation as possible), as the influx of TG-rich chylomicrons into
the blood stream diminishes quickly during the fasting state. Therefore, delayed estimation
of TG levels may lead to falsely low levels. Serum TG levels are further decreased by
administration of hypocaloric intravenous fluids which cut off VLDL output from the liver.
Dominguez-Munoz et al found that TG levels decreased markedly to near normal levels
after 72 hours of fasting in the majority of patients with HTG-induced AP who had levels
>1750mg/ml2. The majority of this patient cohort had TG levels that remained slightly
above upper limit of normal when checked 2 weeks after initial presentation.

Furthermore, levels of serum pancreatic enzymes can be falsely low when TG levels are
>500 mg/ml, likely from interference with the assay to detect amylase and lipase activity
which although corrected with serial dilution is not be related to lipid themselves35,36.
Fortson et al noted elevations in serum amylase and lipase to >2 times the upper limit of
normal in only 54% and 67% cases respectively4, while in another study by Saligram et al
pancreatic enzyme elevations of ≥3 times the upper limit of normal were noted in 58%
patients5.

The diagnosis of HTG as the etiology of AP or RAP may be delayed or missed completely if
TG level is not checked shortly after admission. A subset of patients who are termed
idiopathic likely have HTG as the etiology. A high index of suspicion in appropriate clinical
setting and obtaining serum TG levels as close to the onset of pain during initial or recurrent
attack(s) of AP is therefore critical to identify patients with HTG induced AP. Fasting serum
TG levels during follow up after the patient has started oral diet can help to detect HTG.

Question 6: Is the clinical presentation of HTG pancreatitis similar to other
causes?

A diagnosis of AP is established when two out of the following three findings are present -
epigastric abdominal pain, elevated serum enzyme levels to three or more times the upper
limit of normal, or radiologic imaging consistent with AP37,38. The clinical presentation of
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AP due to HTG is similar to that of other etiologies. As highlighted above, presence of risk
factors and physical examination findings should prompt suspicion of HTG.

Question 7: What are the potential mechanisms for HTG to cause
pancreatitis?

The exact mechanism by which HTG causes AP has not been fully elucidated. Three
approaches have been used to study the basic pathophysiology of HTG-associated
pancreatitis. These include studies on hyperlipoproteinemic mink that spontaneously
develop pancreatitis39-41, effect of HTG on the severity of caerulein induced pancreatitis in
rodents42-44 and in-vitro studies to determine the mechanisms of how these may
occur42,44,45.

Severe hyperlipdemia in mink with a recessive inheritance pattern was noted on a farm in
Norway39. These animals have grossly lipemic plasma and elevated plasma TG (60-170
mmol/liter, with normal values 0.7-0.9 mmol/liter), and the TG trend towards normal on a
low-fat diet. The animals have detectable lipoprotein lipase (LPL) amounts but no activity.
The defect was identified as a Pro214Leu point mutation in the LPL gene similar to those
found in human hyperlipoproteinemia type I46. These mink are often found dead with
evidence of pancreatitis and lipogranulomas in the mesentery on necropsy39. Histologically,
the pancreas shows hemorrhage and necrosis. This begins as intralobular necrosis
progressing to total lobular destruction, with lipid-filled macrophages in necrotic areas41.
The earliest pathology shows vacuolation of exocrine cells resulting mainly from swollen
mitochondria40.

Hypertrilgyceridemic mice with LPL deficiency42,44 and rats with HTG (>1000mg/dl)
induced by Triton WR133943 have worse pancreatic injury than their normal counterparts.
This is evident as higher serum amylase levels and worse histological damage to the
pancreas42,43 in hypertriglyceridemic animals.

Studies to determine how HTG may result in the above outcomes include those focusing on
the lipolytic generation of FFA from the TG present in chylomicrons42,44. The exocrine
pancreas is rich in lipases47 which are secreted into the extracellular environment when
acinar cells harvested from rodents are stimulated by hormones such as cholecystokinin48.
Co-incubation of acinar cells with chylomicrons and cholecystokinin results in an increase
in FFA in the medium with a corresponding decrease in TG42,44. Pharmacologic inhibition
of these lipases using the lipase inhibitor orlistat in vitro prevents the injury to acinar cells
induced by this co-incubation42,44. Orlistat also prevents the lipolytic generation of free fatty
acids induced by these cells45. Strong evidence, including electron microscopy showing
mitochondrial damage in hypertriglyceridemic mink exocrine pancreas40, and recent
findings demonstrating a decrease in acinar ATP levels, necrosis via inhibition of
mitochondrial complexes I and V by fatty acids45 support the role of fatty acid induced
mitochondrial toxicity in the adverse outcomes. The roles of protein kinase C in
hypertriglyceridemic pancreatitis remains to be explored43.

Question 8: What is the relationship between HTG and the clinical severity
of AP?

Clinical studies assessing the impact of HTG on the severity of AP have had conflicting
results. Balachandra et al prospectively enrolled 43 consecutive patients with AP of all
etiologies to assess the relationship of admission TG level and severity3. TG levels were
elevated in 33% of patients (mean 265 mg/ml). No difference detected in severity, based on
APACHE II scores or complications in patients with and without HTG. This small study
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suggests that mild elevations in serum TG level in AP do not appear to hold prognostic
value.

Anderson et al prospectively evaluated 230 admissions with AP to a regional hospital in
South Africa49. Any and severe HTG was seen in 24% and 6% admissions; more frequently
in the Indian race when compared with other ethnicities. Patients with HTG showed a trend
towards increased severity. Although the mortality in patients with and without HTG was
similar, all deaths in the dyslipidemia group were in patients with HTG.

In the study by Fortson et al4, the prevalence of pancreatic changes (64%), peripancreatic
fluid (54%), necrosis (10%), pseudocysts (23%) and pleural effusion (20%) on CT scan in
70 patients with HTG pancreatitis was generally similar to historical data on these
complications in AP from other causes.

Finally, Deng et al studied 176 patients with severe AP, of which 45 had HTG (≥500 mg/
dl)50. Patients with HTG were younger and more likely to have alcohol abuse, overeating
and high fat diet. On univariate analyses, patients with HTG tended to have more severe
disease as reflected by a higher prevalence of hypoalbuminemia, hypocalcemia, APACHE-II
scores, renal failure, shock, infection and overall mortality.

Based on available data from clinical studies, it is safe to assume that mild elevations in TG
levels do not affect the severity of AP. The role of TG elevation of >500 mg/dl on the
clinical course of AP is unclear. Future studies using adequate sample size should compare
outcomes in patients with HTG (>500 and >1,000 mg/dl) with other major causes of AP.

Question 9: What is the natural history of HTG pancreatitis?
The natural history in patients with HTG pancreatitis depends on how well serum TG levels
and concomitant secondary risk factors are controlled. Among 70 patients with HTG
pancreatitis, Fortson et al noted a history of prior attacks in 44%4. In a series of 17 patients
with HTG pancreatitis, over a mean follow up period of 42 months, recurrences were seen
only in 1 patient who was non compliant to diet and medications51. In another series of 35
patients with Type V hyperlipoproteniemia, when compared to patients with no pain (n=16),
those with episodes of pain only (n=8) and pain and pancreatitis (n=11) were more likely to
be younger and had higher mean TG levels (5865 vs. 2573 mg/dl). The number and severity
of pain episodes (HTG abdominal crisis) and frequency of attacks of pancreatitis decreased
considerably during a follow up of 1-11 years with treatment (diet, medications or
jejunoilieal bypass) and correlated well with TG levels of ≥2000 mg/dl.

While the association of HTG and recurrent episodes of pancreatitis is well known, whether
HTG can cause CP has not been well studied. CP has been reported in patients with type I
and V hyperlipidemia52-55. HTG in susceptible subjects with alcohol abuse is likely a
contributing factor for recurrent attacks and an eventual transition to CP.

Question 10: Is there a genetic predisposition to HTG pancreatitis?
Presence of pancreatitis in a small fraction of patients with HTG has led to a search of
genetic susceptibility factors. Chang et al evaluated the frequency of mutations in cationic
trypsinogen (PRSS1), serine protease inhibitor Kazal type 1 (SPINK1), cystic fibrosis
transmembrane conductance regulator (CFTR), and tumor necrosis factor superfamily
member 2 (TNF2) genes in 128 Taiwanese patients - 80 with HTG and 46 with HTG
pancreatitis56. The prevalence of polymorphisms in CFTR (M470V) and TNF (863A) genes
was significantly higher when compared with patients with HTG alone.
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More studies are needed to better understand the role of genetic factors that increase the risk
of pancreatitis in patients with severe/very severe HTG.

Question 11: How do I manage patients with HTG induced AP?
Initial treatment of AP includes pancreas rest by limiting oral intake, aggressive intravenous
hydration, and analgesia. Other etiologies of AP should be quickly ascertained with a
thorough history and physical examination, basic laboratory testing, imaging as indicated,
and medication review. As mentioned previously, serum TG level should be checked shortly
after admission given rapid decline in levels with fasting. If there is evidence of severe AP
and need for prolonged fasting, pancreatic rest via post-ligament of Treitz nasojejunal
enteral feeding tube57 (preferred) or total parenteral nutrition (TPN) should be entertained58.
For obvious reasons, if TPN is chosen, lipids should be avoided. Once HTG is the
established cause of AP, multiple mostly experimental therapies including insulin, heparin,
and apheresis have been studied in the acute setting (Table 3).

Apheresis has been repeatedly shown in cases reports and series to be effective in quickly
removing TG from the serum of patients with HTG pancreatitis of different causes59-64. The
premise of using apheresis is that it removes available TG in VLDL and chylomircons from
serum and prevents generation of FFA which cause local and systemic effects44,45,65,66. In
most patients, TG levels decrease by ∼65% and 85% after one or two sessions
respectively63. However, a clear benefit of apheresis in reducing the severity and improving
outcomes in AP has not been conclusively shown.

Chen et al retrospectively analyzed clinical outcomes in HTG pancreatitis patients before
(n=34) and after (n=60) the availability of apheresis at their institution. These groups had
statistically similar background and clinical characteristics; ultimately 20 patients in the
latter group opted for apheresis with a median time of initiation of 3 days after symptom
onset. There was no significant difference in mortality and local or systemic complications
between the two time periods or among patients with severe AP (defined by Ranson's score
>3) who did (n=10) or did not (n=19) get plasmapheresis60. The limitations of this study are
its retrospective design, experience from a single center and small sample size.

Apheresis is expensive and is not without risk. It requires central intravenous access and
transient anti-coagulation with associated complications of line-associated bacteremia, deep
venous thrombosis, and bleeding. Potential candidates for apheresis may be patients with
predicted severe or severe AP who continue to have TG levels above 1000 mg/dl after the
first 24-48 hours. However, given the lack of proven efficacy, a firm recommendation for
apheresis cannot be made at this time and the treatment should be highly individualized. In
fact, the recent American Society for Apheresis (ASFA) guidelines placed apheresis in
patients with HTG pancreatitis as 2C grade (weak recommendation) and that other
alternatives may be equally reasonable based on data from observational studies or cases
series (category III evidence)67. Apheresis as a therapeutic modality needs stronger
evidence, ideally in the form of a randomized clinical trial before consideration as a standard
treatment strategy.

Infusion of insulin and heparin has been utilized to treat HTG in the acute setting68,69 and in
patients with HTG pancreatitis70-72. Insulin leads to an increase in peripheral LPL activity
and helps to reverse hepatic effects of insulin resistance. Insulin infusion is especially
helpful in patients with poorly controlled diabetes who have hyperglycemia in addition to
severe HTG69. Enthusiasm for heparin has waned, as it has been shown that although it
results in an increases in serum LPL activity, this effect is transient and is quickly followed
by reduced activity of LPL, which may ultimately lead to a rise in TG73,74. Therefore,
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insulin infusion should be considered in select patients while the use of heparin is
controversial and should be avoided.

Question 12: How do I prevent future episodes of pancreatitis?
A multi-faceted approach is required in patients with HTG pancreatitis to prevent
recurrences. Lifestyle modifications directed at weight loss, limiting intake of fat and simple
carbohydrates, abstinence from alcohol, control of secondary risk factors such as diabetes,
and discontinuation of offending medication is integral to the management. In conjunction,
lipid lowering medications are often required. Patients should seek formal consultation with
a dietitian to discuss food choices and an endocrinologist to help control TG levels and
diabetes. Although TG levels close to normal may be preferable, levels <500 mg/dl
represents a safe therapeutic target for prevention of recurrences. In a large study evaluating
claims data in 41,210 patients with serum TG >500 mg/dl, the risk of pancreatitis, other
clinical events (cardiovascular, diabetes, renal) and overall cost were evaluated during
follow up period (average 2.26 years) based on whether TG levels were decreased to <500
mg/dl (79%) or not (21%). Patients in whom TG levels continued to be over 500 mg/dl were
about 2 times more likely to have pancreatitis (HR 1.79, 95% CI 1.47-2.18), as well as other
clinical events and overall cost of care 75.

Fibrates are the first line medications for treating HTG6. HMG-CoA reductase inhibitors, i.e.
statins have a weak TG lowering effect, and should not be used as monotherapy for HTG.
Statins can have a synergistic lipid-lowering effect in combination with fibrates and should
be considered in patients in whom severe HTG is not controlled on fibrates alone76. Fibrates
are generally well-tolerated but caution should be exercised when used with statins given the
increased, albeit small risk of myopathy or rhabdomyolysis77. This risk is mainly attributed
to older fibrates such as gemfibrozil and appears to be much less with newer fibrate
derivatives such as fenofibric acid78. Nicotinic acid, or niacin, is considered a second-line
agent. However, its efficacy is often limited by side effects such as facial flushing,
gastrointestinal intolerance, and hepatotoxicity. Omega-3 fatty acids can be used in
combination with other agents such as fibrates but not as monotherapy79.

In a recent small study of 14 patients with LPL deficiency with severe HTG and history of
pancreatitis, promising results were seen in the reduction of fasting HTG and rates of
pancreatitis with alipogene tiparvovec (AAV1-LPLS477X) gene therapy80.
Nonpharmacologic approaches have been considered in patients refractory to standard
medical treatment. Stefanutti et al reported a small retrospective case series of 17 medically-
refractory patients with severe HTG (mean maximum TG level 1929 mg/dl) of whom 12
had a history of AP treated with serial apheresis (as many as 46 sessions in one patient).
Although the length of follow-up was not explicitly reported, TG levels <1000 mg/dl were
maintained without development of recurrent AP81. Another case series utilized apheresis
for the prevention of recurrent HTG pancreatitis in 6 patients. Apheresis was used up to 8
sessions per month until goal TG level of <150 mg/dl was reached. The authors reported a
significant reduction in TG as well as a reduction in the frequency of recurrent AP82. Since
control of TG levels is needed over the long term (which can be few decades) to prevent
pancreatitis episodes, the role of maintenance apheresis needs further study.

Future Directions
Studies in recent years have provided population estimates of HTG and some clarity on the
risk of pancreatitis with HTG. Future studies should address the role of HTG in disease
severity, mechanism of HTG pancreatitis, reason why a subset of individuals with severe/
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very severe HTG develop pancreatitis, and, the role of insulin and apheresis in the
management of HTG pancreatitis.
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Figure 1. Relationship between primary (genetic) and secondary factors in increasing the risk for
severe/very severe HTG and pancreatitis
Footnote for Figure 1: Severe/Very severe HTG usually occurs due to presence of secondary
factor(s) in a subject with an underlying genetic abnormality of lipid metabolism.
Pancreatitis occurs in a subset of patients with severe/very severe HTG.
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Table 1
Causes of Hypertriglyceridemia associated with Pancreatitis

Genetic factors Familial Combined Hyperlipidemia (FCHL)

Familial Hypertriglyceridemia (FHTG)

Familial Dysbetalipoproteinemia

Familial Chylomicronemia Syndrome

Secondary factors Untreated/poorly controlled diabetes mellitus

Alcohol abuse

Pregnancy

Medications (oral estrogens, tamoxifen, propofol, valproic acid, isotretinoin, clomiphene, beta-blockers, protease
inhibitors, mirtazapine)
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