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For hospitalists, hypertriglyceridemia (HTG) is more than
cardiovascular risk. Severe HTG occurs when serum
triglycerides rise above 1000 mg/dL, and it carries a risk of
abdominal pain and pancreatitis. The etiology of severe
HTG is usually a combination of genetic and secondary
factors. A detailed history with attention to family history,
medications, and alcohol consumption can often lead to the
cause. Physical examination findings may stretch across
multiple organ systems. Patients with severe HTG should
be admitted to the hospital for aggressive medical therapy if
they develop symptoms such as abdominal pain or
pancreatitis. Asymptomatic patients with severe HTG who

have significant short-term risk for developing symptoms
require urgent consultation that may lead to a brief
hospitalization to address exacerbating factors. Treatment
of severe HTG includes a combination of pharmacologic
agents and a restriction on dietary triglyceride intake. If oral
medications fail to adequately lower triglyceride levels,
intravenous insulin and in rare cases therapeutic plasma
exchange may be required. To prevent recurrent severe
HTG, the patient should be counseled about adherence to
long-term medications and lifestyle changes. Journal of
Hospital Medicine 2012;7:431-438. © 2011 Society of
Hospital Medicine

The patient with a markedly high serum triglyceride
(TG) level poses an interesting challenge for hospital-
ists. Hypertriglyceridemia (HTG) is defined as a fast-
ing plasma TG level that is above the 95™ percentile
for age and sex." TG levels are commonly classified
into categories according to Adult Treatment Panel III
guidelines with desirable levels <150 mg/dL (1.7
mmol/L), borderline levels 150-199, high levels 200-
499 mg/dL, and very high levels >500 mg/dL (5.6
mmol/L).> A TG level exceeding an arbitrary thresh-
old of >1000 mg/dL (11.3 mmol/L) is referred to as
“severe” HTG. The Lipid Research Clinics Program
Prevalence Study found that 1.79 per 10,000 outpa-
tients (<0.02%) had TG levels > 2000 mg/dL.*> Chy-
lomicronemia syndrome occurs when severe HTG is
accompanied by 1 or more of the following: symp-
toms of abdominal pain or acute pancreatitis or physi-
cal examination findings such as eruptive xanthomas
or lipemia retinalis. There is no TG level above which
pancreatitis invariably occurs, making the decision to
hospitalize difficult. The goal of this review is to dis-
cuss the causes of severe HTG; the clinical assessment,
including criteria for hospitalization; and the available
treatment options for this infrequent but serious con-
dition. We begin with a clinical case of severe HTG.
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CASE PRESENTATION

A 47-year-old woman with a history of chronic my-
elogenous leukemia was admitted to the hospital with
a serum triglyceride level of 17,393 mg/dL. Two years
prior to admission, she underwent allogenic stem cell
transplantation for chronic myelogenous leukemia and
has since remained in remission. Six months prior to
admission, severe diarrhea from intestinal graft-ver-
sus-host disease required the use of total parenteral
nutrition (TPN) and immunosuppressive therapy con-
sisting of prednisone 20 mg/day, mycophenolate mofe-
til 250 mg thrice daily, and sirolimus 0.3 mg/day.
During treatment with steroids, she developed diabe-
tes mellitus requiring insulin, with a subsequent hemo-
globin Alc level of 7.7% (normal, <7%). The serum
TG level prior to transplantation was unknown but
was 343 mg/dL prior to TPN initiation. One month
prior to admission, the diarrhea resolved and TPN
was stopped. The TG level was 7463 mg/dL 1 week
prior to admission, and despite use of fenofibrate, it
rose to 17,393 mg/dL. The patient denied abdominal
pain, and did not have abdominal tenderness or erup-
tive xanthomas. She denied a family history of dyslipi-
demia or recent medication changes. Given the
extreme TG elevation, the lack of response to outpa-
tient treatment and the concern for developing acute
pancreatitis, the patient was admitted to the hospital
for inpatient TG-lowering treatment.

Upon admission, serum lipase and amylase were
within normal limits, but the blood glucose level was
243 mg/dL. Insulin infusion and oral fenofibrate 145
mg/day was started, and the patient was kept non per
os (NPO). Six hours later, despite insulin infusion, the
TG level rose to 26,250 mg/dL. Therapeutic plasma
exchange (TPE) was performed on 2 consecutive days
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with a resultant decrease in TG level to 530 mg/dL.
The patient was later discharged home on fenofibrate
and omega-3 ethyl esters, her same immunosuppres-
sive and insulin regimen, and instructions for a very
low-fat diet. In the next 3 months, her serum TG level
did not rise above 530 mg/dL. The cause of our
patient’s extreme TG elevation was likely a combina-
tion of genetic factors exacerbated by immunosup-
pressive and glucocorticoid therapy.

This case featured dramatic elevations in serum TG
levels that the managing doctors believed merited a
hospital admission. Management of patients with
severe HTG first requires an understanding of TG
metabolism.

ETIOLOGY

Serum TGs produced by the liver are carried by very
low-density lipoproteins (VLDLs), whereas TGs
derived from dietary fat are carried by chylomicrons.
Both chylomicrons and VLDLs are hydrolyzed by the
same enzyme—lipoprotein lipase (LPL). TGs are
hydrolyzed into fatty acids for uptake by muscle and
adipose tissue, whereas remnants of VLDL and chylo-
microns are removed by the liver. More details on TG
pathophysiology may be found in a recent review.”
When LPL is saturated with VLDL, ingestion of a
fatty meal may cause chylomicrons to linger in circu-
lation for days instead of hours. Asking the laboratory
to spin down the blood of a patient with severe HTG
and keep the test tube upright at 4°C may reveal a
large creamy supernatant layer demonstrating
chylomicronemia.

A fasting TG level drawn 12 hours after the last
meal reflects hepatic TG production. Although a non-
fasting TG level may reflect postprandial chylomi-
crons, values above 1000 mg/dL strongly suggest true
HTG, particularly in the setting of acute pancreatitis.
Treatment should not be delayed to obtain a fasting
TG level.

HTG may result from increased VLDL production,
reduced VLDL/chylomicron clearance, or more likely
a combination of the two. The causes of these meta-
bolic derangements are classified as primary (genetic)
or secondary (acquired) (Table 1). In adult patients,
HTG is usually the result of a combination of primary
and secondary causes. A study of 123 patients with
TG levels >2000 mg/dL found that all patients had a
primary metabolic defect and 110/123 had a coexis-
tent secondary cause.” An underlying genetic lipopro-
tein metabolism derangement is often clinically silent
until coupled with a secondary cause of HTG that to-
gether raise TG levels high enough to cause the chylo-
micronemia syndrome.

The most common primary cause of HTG in adults
is familial HTG, an autosomal dominant condition
with a population prevalence ranging from 1%-2%
to 5%-10% and age-dependent penetrance.’*® Other
genetic causes are much rarer, such as LPL deficiency

TABLE 1. Causes of Hypertriglyceridemia
Primary
Familial lipid disorders
Lipoprotein pattern type |
Familial chylomicronemia
Deficiency in LPL and/or apo-Cll
Autosomal recessive; presents in childhood
Rare functional disorders in LPL
Lipoprotein pattern type Il
Familial dysbetalipoproteinemia
Inadequate VLDL clearance from apo-E2
Autosomal recessive; presents in adulthood
Lipoprotein pattern type IV
Familial HTG: increased VLDL
Autosomal dominant; presents in adulthood
Familial combined hyperlipidemia
Muttiple phenotypes seen; increased apo-B levels
Lipoprotein patter type V
Mixed HTG: increased VLDL and chylomicrons; presents in adulthood
Secondary
Disease
Poorly controlled diabetes mellitus; hypothyroid; SLE; Cushing syndrome; HIV infection;
sarcoid muttiple myeloma; obesity; renal disease (nephrotic)
Disorder of metabolism
Pregnancy
Diet
Excessive alcohol, especially with high-fat diet
Drugs
Estrogen; tamoxifen; glucocorticoids; protease inhibitors; nonselective beta-blockers;
propofol; isotretinoin; some antipsychotic medications (clozapine, olanzapine); tacrolimus;
sirolimus; cyclosporing; bexarotene; all-trans retinoic acid; L-asparaginase; interferon-c.

Abbreviations: apo, apolipoprotein; HTG, hypertriglyceridemia; LPL, lipoprotein lipase; SLE, systemic lupus
erythematosus; VLDL, very low-density lipoprotein.

(1 in 1 million patients), apolipoprotein-CII, and other
mutations resulting in impaired binding to LPL.””
Primary causes of HTG are often listed as Fredrickson
phenotypes (Table 1). Recent genome-wide association
studies reveal a complex polygenic basis to the Fre-
drickson categories and suggest additional undefined
genes or nongenetic factors may significantly contrib-
ute to the final phenotype.'® Diagnosis of familial
lipid disorders requires an accurate family history that
may be difficult to obtain.

Secondary causes of HTG can be categorized using
a “four-D” mnemonic: Diseases, Diet, Disorder of
Metabolism, and Drugs."’ The most common condi-
tion associated with HTG is obesity.® The mechanism
between obesity and HTG is complex and likely
involves an increase in fatty acid flux from adipose tis-
sue to other tissues and insulin resistance.'” Asking
whether a patient’s current weight is close to the heav-
iest lifetime weight is a clue to diagnosing obesity-
driven HTG. One case series of hypertriglyceridemic
pancreatitis found that diabetes or excessive alcohol
intake account for the majority of secondary causes of
HTG."® The cause of HTG among patients with dia-
betes is multifactorial: insulin deficiency reduces LPL
levels (insulin is required for synthesis of LPL),
whereas insulin resistance attenuates the ability of in-
sulin to decrease hepatic cholesterol synthesis and
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thus increases hepatic secretion of VLDL.'" Alcohol
impairs lipolysis and increases VLDL production that
can lead to severe HTG, particularly in those patients
with an underlying functional deficiency in LPL.
Other secondary etiologies of severe HTG may be eli-
cited through careful attention to medical and medica-
tion history.

CLINICAL ASSESSMENT

Table 2 proposes a reasonable initial assessment of
the history and physical and laboratory tests in
patients with severe HTG.

Distinguishing physical examination findings may
arise when serum TG levels exceed 1000 mg/dL.
Eruptive xanthoma form when large amounts of TG
are sequestered in cutaneous histiocytes, resulting in
small yellow-orange papules with an erythematous
base. This finding is seen in a minority of HTG
patients and may be missed altogether without a care-
ful examination of the extensor surfaces of arms, legs,
back, and buttocks.'® Effective TG-lowering treatment
will result in resolution of these xanthomas. An oph-
thalmologic examination may reveal lipemia retinalis,
a condition that occurs when retinal vessels appear
white from lipemic serum and contrast against a pale
salmon-colored retina. Although a dramatic finding,
these changes do not result in vision impairment. Hep-
atomegaly from fatty infiltration of the liver occurs
frequently,'® and diffuse lymphadenopathy may also
be found."”

Laboratory tests are also essential in the clinical
assessment of severe HTG. Important tests include
thyroid-stimulating hormone, creatinine, serum urea
nitrogen, and a urinalysis. A hemoglobin Alc test pro-
vides information on the level of glycemic control and
is now recognized by the American Diabetes Associa-
tion to diagnose diabetes mellitus.'® Liver function
tests commonly reveal a transaminase elevation from
underlying steatohepatitis and also provide a baseline
value prior to initiating any lipid-lowering medica-
tions. Additional diagnostic tests may be useful in
selected patients: HIV testing, serum protein electro-
phoresis, and urine protein electrophoresis to help
diagnose paraproteinemias such as multiple myeloma,
and an antinuclear antibody and double-stranded
DNA for systemic lupus erythematosus.

Severe HTG may interfere with the result of 2 com-
monly obtained laboratory tests. The sodium concen-
tration can be falsely low (pseudohyponatremia) due
to the high levels of TG displacing sodium containing
water from the plasma.'”” Due to interference by
plasma lipids, amylase levels may be near normal in
up to 50% of patients with hypertriglyceridemic pan-
creatitis at the time of admission.? Thus, if the suspi-
cion for pancreatitis is high, it is reasonable to pro-
ceed to imaging if amylase or lipase levels are not
confirmatory. Abdominal imaging with computed
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TABLE 2. Hospital Assessment of Hypertriglyceridemia
History
Family history of fipid disorders
Maximal weight and when achieved
Detailed medication history (including those recently stopped)
Alcohol consumption
Diabetes mellitus
Possible physical examination findings
Eruptive xanthomas
Lipemia retinalis
Hepatomegaly
Lymphadenopathy
Laboratory tests
Basic Metabolic Panel* with glucose
Lipid panel
Thyroid-stimulating hormone, free T4
Liver function, amylase,T lipase
Hemoglobin Alc
Urinalysis

*Sodium may be falsely low. "May be falsely normal.

tomography or magnetic resonance imaging may be
used to diagnose acute pancreatitis.

Behind excessive alcohol consumption and gallstone
disease, HTG is the third leading cause of pancreatitis,
accounting for up to 10% of cases in the general pop-
ulation.?! The exact mechanism by which HTG causes
pancreatitis is unclear. One theory is that elevated
plasma TG levels are hydrolyzed in the pancreas to
cause an increase in local free fatty acids, which in
turn may cause inflammation and overt pancreatitis.**
Another theory proposes that elevated levels of chylo-
microns lead to plasma hyperviscosity, which causes
ischemia and local acidosis in pancreatic capillaries.*®
Whatever the cause, it is unclear why only some
patients with severe HTG develop acute pancreatitis.
One study of 129 patients with severe HTG found
mean serum TG levels to be higher in patients with
acute pancreatitis than in those without (4470 versus
2450 mg/dL), suggesting the threshold to develop
acute pancreatitis is higher than previously thought.**
Without a firm TG threshold above which patients de-
velop pancreatitis, the decision to hospitalize can be

difficult.

WHEN TO HOSPITALIZE?

The choice of whether to hospitalize a patient with
severe HTG is first based on the presence or absence
of abdominal pain and/or acute pancreatitis. Figure 1
diagrams a suggested admission and treatment algo-
rithm. If abdominal pain is present, the patient should
be hospitalized and assessed for possible triggers with
prompt initiation of pharmacologic treatment. In the
absence of abdominal pain, the decision to admit the
patient with severe HTG requires clinical judgment.
In these cases, prompt consultation with a physician
experienced in the management of lipid disorders is
recommended. In our experience, admission is usually
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Severe HTG

T TRy

Symptomatic
Abdominal Pain
Pancreatitis

Hospitalize ¢
Pancreatitis: NPO, IV fluids ™ .
Appropriate pain control | :
Asymptomatic: Non-fat diet .Br'Ef sy
if needed

All: Oral fibrate, Omega-3 fatty acid \x‘ -
Insulin if hyperglycemic (IV/SC) R

Consider in certain cases:

(TG>1000mg/dL)

Asymptomatic

}

Associated conditions that must be addressed promptly:
(Not necessarily complete list, but illustrative)
Is level of glycemia uncontrolled, requiring inpatient
treatment with insulin?
Are unremitting risk factors for HTG present?
Pregnancy (TG higher each trimester)
Ongoing essential treatment associated with increasing TG
(e.g. glucocorticoids, L-asparaginase)
Is TG level > previous TG level where pancreatitis occurred?

¢ Yes to any No to all

Insulin and dextrose if euglycemic
Therapeutic plasma exchange
(See text for benefits/risks)

'

Requires urgent consultation
with experienced physician
(e.g. endocrinologist, lipidologist)

Is TG<1000mg/dL?

Jr Close Follow-Up 4

Outpatient Treatment of Severe HTG

S

Advance diet Cor?su_ier:
Niacin
¢ Orlistat
. HMG-CoA Reductase
Discharge Inhibitor

Pharmacologic Treatment
Oral Fibrate; Omega-3 fatty acids
If Necessary
Niacin; Orlistat
HMG-CoA Reductase Inhibitor (use w/ fenofibrate)

Benefits, risks, & potential drug-drug interactions
of all drugs must be considered before prescribing.
Adjust dose for renal or hepatic impairments.

For All Patients with Severe HTG

1. Stop Exogenous Factors of HTG

e Alcohol e Hypothyroidism
e Dietary fat (complete withdrawal initially) e Uncontrolled diabetes
e Offending medications not absolutely essential e Rarer causes

3. Screen 1% degree relatives with fasting lipid panel

2. Treat Endogenous Triggers of HTG

TG = Triglycerides HTG = Hypertriglyceridemia

NPO = Nothing by mouth |V = Intravenous

Our colleagues with experience in severe hypertriglyceridemia helped create this figure

FIG. 1. Suggested treatment algorithm for severe hypertriglyceridemia.

driven by factors such as (1) severe hyperglycemia
requiring inpatient insulin therapy; (2) severe HTG at
or near a level where pancreatitis has occurred in the
past in a patient for whom adherence is suspect
(mindful of the great variability at the levels where
patients develop pancreatitis); (3) unremitting triggers

of severe HTG such as ongoing use of essential medi-
cations also known to exacerbate HTG (such as some
forms of chemotherapy) or pregnancy in the third tri-
mester. TG levels rise continuously throughout preg-
nancy and peak during the third trimester, when
hypertriglyceridemic pancreatitis most often occurs.

434 An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 7 | No5 | May/June 2012



Severe Hypertriglyceridemia: A Review | Schaefer et al

TABLE 3. Pharmacologic Treatment of Hypertriglyceridemia

Drug Usual Dose TG Reduction Cautions or Contraindications Comments
Fenofibrate 130-200 mg/day ~50% Hepatic or renal insufficiency Best fibrate to use with HMG-CoA reductase Inhibitors
Gemfibrozil 600 mg BID ~50% Hepatic or renal insufficiency Avoid combination with stating
HMG-CoA reductase Variable; the more ~25% Decompensated cirrhosis; Not the primary treatment for patients with
inhibitors or stating potent LOL lowering, end-stage renal disease TG levels >1000 mg/dL; some statins

the more TG lowering

Omega-3 fatty acids 2 BID Lovaza ~25%-50% with monotherapy
(840 mg DHA/EPA per dose) (the higher the TG level,
the greater the reduction);
~30% with combination therapy

Nicotinic acid 1-2 g/day ER; up-titrate 15%-35%
from lowest dose
Orlistat (Xenical) 120 mg TID 15%-35%
Insulin IV'0.1-0.3 Urkg/hr titrate to serum Variable; >50% in some cases

glucose 140-180 mg/dL OR
basal/bolus subcutangously

such as atorvastatin and fluvastatin are

favored for patients with renal insufficiency

due to less renal excretion than other stating
Allergy to fish Fishy aftertaste; may cause flatulence; may increase

serum glucose and LDL; low risk of clinical bleeding

Active liver disease; active peptic Can increase blood sugar levels by increasing
Ulcer disease; arterial bleeding insulin resistance

Cases of serious liver dysfunction Can interfere with drug absorption, especially
have been reported fat-soluble vitamins; oily rectal discharge

Hypoglycemia Useful in patients who have diabetes

Abbreviations: BID, twice a day; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; ER, extended release; HMG-CoA, 3-hydroxy-3-methyl-glutaryl-coenzyme A; IV, intravenous; LDL, low-density lipoprotein; TG, triglycer-

ide; TID, 3 times daily.

Asymptomatic patients with severe HTG not requiring
hospitalization need close outpatient follow-up to pre-
vent the onset of chylomicronemia syndrome.

INPATIENT MANAGEMENT

No professional recommendations exist regarding a
standardized treatment plan for severe HTG. The
treatment regimen is first based on the presence or ab-
sence of symptoms. Treatment of hypertriglyceridemic
pancreatitis should target a serum TG level <1000
mg/dL and resolution of abdominal pain. The initial
goal for asymptomatic patients is a TG level <1000
mg/dL, as this level represents a significant reduction
in the risk of developing chylomicronemia syndrome.
In either case, the first 2 components of the treatment
regimen are dietary changes and oral medications.

Dietary Changes

Patients with hypertriglyceridemic pancreatitis should
be made NPO, with the exception of necessary medi-
cations taken only with water to provide bowel rest
and eliminate fat intake. As chylomicron production
in the intestine falls, TG levels will fall dramatically
within 1-2 days of NPO status regardless of other
treatments. Once TG levels approach 1000 mg/dL and
there is no residual abdominal pain, a no-fat diet can
be given. Patients with persistent abdominal pain
requiring a prolonged fast (>5-7 days) may require
nutrition through alternate means such as an enteral
formula through a feeding tube or the use of TPN. If
a feeding tube is required, we suggest beginning with
an elemental, peptide-based, fat-free formula, with
help from a nutrition consult to assist with individual
tube-feeding options.>> Enteral formula can be supple-
mented with medium-chain triglyceride oils (found in
coconut and palm kernel) to provide some additional

nutritional support. MCTs do not raise serum TG lev-
els, as they are absorbed directly into the portal vein
for prompt oxidation by the liver, whereas long-chain
TGs are converted into chylomicrons for peripheral
transport. One case report describes a dramatic thera-
peutic response to medium-chain triglyceride oils in a
patient with familial chylomicronemia,® although we
do not routinely recommend these oils as therapy
given lack of long-term safety data. Lastly, if TPN is
required, it is crucial to avoid lipid emulsions to pre-
vent a rise in serum TG levels.

Asymptomatic patients with severe HTG can be fed
upon admission, but should be placed on a fat-free
diet. Fat is added back into the diet when TG levels
fall below 1000 mg/dL and is slowly increased to a
target fat content of 10% of the total calories, usually
not exceeding 25 g/day.

Oral Medications

Oral medications should be initiated to lower TG lev-
els for both symptomatic and asymptomatic patients.
Table 3 lists the different classes of medications. In
our experience, oral fibrates are a recommended first-
line treatment, with other agents used as adjunctive
therapy. Through complex mechanisms, fibrates
reduce hepatic VLDL secretion and increase serum li-
polysis of TG.?” In patients who do not have diabetes
and are at low risk for coronary heart disease (CHD),
either gemfibrozil or fenofibrate may be used to lower
serum TG levels. However, in patients with diabetes,
CHD, or a CHD risk equivalent, use of fenofibrate is
preferred as an HMG-CoA reductase inhibitor (a sta-
tin) and will almost always be necessary to reach low-
density lipoprotein (LDL)-cholesterol goals. Feno-
fibrate, unlike gemfibrozil, does not interfere with the
glucuronidation of statins by the liver.*®
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If a fibrate fails to achieve an acceptable serum TG
level, we recommend adjunctive therapy with omega-
3 fatty acid esters. Omega-3 fatty acids lower serum
TG levels by decreasing VLDL production and can
lower TG levels by as much as 45% in cases of severe
HTG.** This medication is typically the first adjunc-
tive medication chosen due to its low side effect
profile.

If additional TG lowering is needed, niacin or nico-
tinic acid (vitamin B3) may be added next. This medica-
tion decreases VLDL production, lowers LDL, and
increases high-density lipoprotein, but invariably with
initiation, patients exhibit prominent skin flushing,
burning, or itching. This prostaglandin-mediated effect
may be prevented or at least reduced in severity by tak-
ing 325 mg aspirin 1 hour before niacin administration.
If the TG level is still not at goal, orlistat, a lipase or
“fat” blocker, may be useful.*® Orlistat improves post-
prandial lipemia through reduction of dietary fat
absorption. Finally, although potent statins such as
atorvastatin and rosuvastatin can lower TGs derived
from VLDL substantially,® their use should be
prompted by the patient’s risk for atherosclerotic cardi-
ovascular disease. Because all of the hypotriglyceri-
demic medications can affect the liver, regular liver
function testing is prudent, as is a periodic re-evalua-
tion of the ongoing need for these medications. Statin
use causing mild transaminase elevation (up to 3 times
the upper limit of normal) may be safely tolerated.?*

Additional Inpatient Management

Insulin

Insulin increases lipoprotein lipase activity, thereby
accelerating chylomicron degradation.?? Insulin (along
with glucose if necessary to maintain euglycemia) is
therefore a useful adjunctive TG-lowering medication
to oral medications, even in nondiabetic patients.
Insulin administered intravenously should follow a
titration protocol with hourly monitoring of blood
glucose. The goal of the insulin protocol with severe
HTG is not maintaining strict euglycemia but rather
maintenance of LPL activation by exogenous insulin
with avoidance of hypoglycemia. In hospitals where an
insulin infusion protocol for diabetic ketoacidosis or
postsurgical hyperglycemia already exists, the protocol
can be applied for HTG management with minor mod-
ifications: introduce dextrose-containing fluids at
higher blood glucoses (180 mg/dL or less) and elimi-
nate insulin boluses. A suggested dose is a continuous
intravenous insulin drip at 0.1-0.3 U/kg/hr with glu-
cose to maintain blood glucose levels between 140 and
180 mg/dL, although there are no guidelines from pro-
fessional societies. Subcutaneous insulin has also been
used to successfully lower TG levels.***> The major li-
mitation of subcutaneous administration is the inability
to rapidly adjust the dosing when needed, which is par-
ticularly concerning when treating patients who do not
have diabetes. We prefer to use subcutaneous basal in-

sulin in patients requiring long-term use of insulin after
a significant TG reduction with intravenous insulin.
Subcutaneous bolus prandial insulin should not be
used until the patient has resumed a solid diet, because
a liquid diet may not reliably contain enough carbohy-
drates for bolus therapy.

Intravenous Heparin

Heparin has been used in case reports as adjunctive
treatment for hypertriglyceridemic pancreatitis.*®>”
Although heparin may increase circulating LPL levels,
this effect is short-lived and is quickly followed by
increased hepatic LPL degradation.’® Therefore, the
use of heparin to treat severe HTG cannot be rou-
tinely recommended.

Therapeutic Plasma Exchange

First used in 1978, therapeutic plasma exchange
(TPE) has been demonstrated to quickly and dramati-
cally lower serum TG levels.>” Since its first use, TPE
has been used in several small case studies.**** With-
out data from larger studies, the optimal frequency
and duration of TPE remains unclear. One review sug-
gests the use of TPE as first-line therapy provided the
patient is euglycemic, apheresis can be started within
48 hours of diagnosis, and the patient can tolerate the
central venous access.*> On the other hand, guidelines
from the American Society of Apheresis incorporating
“low-quality evidence” do not recommend TPE as
routine first- or second-line treatment for hypertriglyc-
eridemic pancreatitis, but rather suggest the use of
TPE on a case-by-case basis.** When TPE is needed,
this society recommends daily treatment for 1-3 days
until an adequate postapheresis TG level is obtained.
Although TPE rapidly lowers TG levels, it is also
aggressive (requires placement of a pheresis catheter),
expensive, and may not be readily available. We
believe it remains an option for patients with severe
HTG who do not respond readily to fat restriction,
glycemic control with insulin, and pharmacologic
treatment with a fibrate and omega-3 fatty acids. In
our judgment, routine use of TPE cannot be recom-
mended without data from a randomized clinical trial
examining the value of immediate lowering of TG lev-
els with TPE versus the usually prompt fall in TG lev-
els with less aggressive measures.

Discharge Planning

Typically, asymptomatic patients are discharged once
their TG levels approach 1000 mg/dL. Patients recov-
ering from hypertriglyceridemic pancreatitis may be
discharged once they tolerate a no-fat diet without re-
currence of abdominal pain and without a significant

TG increase above 1000 mg/dL.

Discharge Diet and Activity
At discharge, the diet should be high in fiber, fruits,
vegetables, and lean protein, with fat intake restricted
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to approximately 10% of total calories. Insulin-resist-
ant patients and patients with diabetes should avoid
sugar-sweetened foods and drinks. Specifically, the
daily amount of fructose intake should be no more
than 50 mg to avoid a dose-dependent increase in
plasma TG levels compared with other sugars.* At
least 2 servings per week of marine foods naturally
rich in omega-3 fatty acids (fatty fish such as salmon
or trout) are recommended. Nonmarine forms of
omega-3 fatty acids (walnuts, flaxseed), which have
not demonstrated consistent reductions in TG, cannot
be routinely recommended.* In addition, alcohol con-
sumption should be eliminated.

Once patients maintain a TG level near 500 mg/
dL, we allow for dietary flexibility by slowly increas-
ing the amount of dietary unsaturated fat. For
patients with TG levels <500 mg/dL, Adult Treat-
ment Panel III advocated restriction of daily dietary
saturated fat levels to <7% and keeping the total fat
level between 25% and 35%.” A range in total fat
was provided so that unsaturated fat could be
increased to limit dietary carbohydrates if glycemic
control was needed. In addition to dietary changes,
counseling patients about the importance of physical
activity and weight loss is crucial for long-term man-
agement of severe HTG. TG lowering in response to
diet and weight loss varies, but typically approxi-
mates 25%.*

Outpatient Medications

Patients without significant contraindications should
be discharged on a fibrate and omega-3 fatty acids.
As mentioned, niacin, orlistat, and/or a statin may
be used as adjunctive therapy. Despite use of these
hypotriglyceridemic medications, secondary causes of
HTG should be modified (such as removal of aggra-
vating medications or appropriately treating uncon-
trolled diabetes) to yield lasting improvements in TG
levels.

CONCLUSIONS

As the prevalence of obesity and diabetes continues to
rise, so too does the clinical importance of proper
management of severe HTG. Recognizing chylomicro-
nemia syndrome—one of the most dramatic conse-
quences of lipid disorders—and the underlying pri-
mary and secondary causes of HTG is required before
starting treatment. Patients with severe HTG may
require hospitalization for immediate reduction in TG
levels and relief of abdominal pain, if present. Treat-
ment involves modifying secondary causes, if possible,
and eliminating dietary fat intake. Although use of
medications such as an oral fibrate, omega-3 fatty
acids, and insulin are routine, the use of a more inva-
sive procedure such as TPE should be considered on a
case-by-case basis and may be limited by availability.
Upon hospital discharge, careful follow-up should

Severe Hypertriglyceridemia: A Review | Schaefer et al

promote lifestyle changes and medication adherence
to prevent recurrence of severe HTG.
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