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ABSTRACT

Objective: Severe hypertriglyceridemia carries increased health risks, including the development of
pancreatitis. The objective of this study was to report on management of 2 cases with severe gestational
hypertriglyceridemia.

Cases: In case 1, a 33-year-old pregnant woman presented with serum triglyceride level of 14 000 mg/dL
after discontinuing hypolipidemic medications. She was treated with Lovaza 12 g/day, and serum triglyc-
eride remained near normal at level of less than 800 mg mg/dL until delivery. In case 2, a 28-year-old patient
(29™ week gestation) presented with acute pancreatitis and triglycerides >4000 mg/dL. She was treated
with Gemfibrozil, Lovaza, insulin infusion, subcutaneous heparin, and escalated to plasmapheresis. She
successfully delivered a baby at the week of 36™ and her triglyceride level was 304 mg/dL after that.
Discussion: Case 1 was treated with high-dose Lovaza and case 2 was treated with plasmapheresis
successfully. Triglyceride levels were reduced to less than 500 mg/dL until delivery of healthy babies in
both cases.

Conclusion: Omega-3 fatty acids and plasmapheresis may be effective and safe to treat pregnant women
with severe hypertriglyceridemia and pancreatitis.

Published by Elsevier Inc. on behalf of the AACE. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

During normal pregnancy, serum total cholesterol can increase
by 23% to 53% and triglyceride (TG) by 2- to 4-fold,"? but for most
healthy women with normal baseline serum TG levels such in-
creases are well tolerated. However, in rare instances, certain ge-
netic mutations (ie, apolipoprotein E3/3 genotype, lipoprotein
lipase, apolipoprotein E, apolipoprotein C-II genes) can lead to
defective coding for proteins and loss of function, leading to
different types of dyslipidemia (Table 1).!~> For example, ApoC2
gene mutation(s) lead to apolipoprotein C-II deficiency, which in
turn leads to decreased activation of lipoprotein lipase. The clinical
consequence of this is a marked decrease in clearance of chylomi-
crons and TGs from the circulation. Pregnant women can develop

Abbreviation: TG, triglyceride.
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hypertriglyceridemia, defined as plasma TG levels above the 95th
percentile for age."” Mutations of such genes lead to defective
coding for proteins and loss of function, leading to clinical condi-
tions that affect health. These patients show an increased risk of
developing acute pancreatitis and are also at risk of hyper-
triglyceridemia in future pregnancies. Pancreatitis caused by
hypertriglyceridemia during pregnancy carries a high mortality
rate both for the mother (21%) and the fetus (20%). In addition to
acute pancreatitis, these patients may also develop hyperviscosity
syndrome and possibly preeclampsia."** We report 2 pregnant
patients with severe hypertriglyceridemia complicated by acute
pancreatitis successfully managed with omega-3 acid ethyl esters
(Lovaza’ and plasmapheresis.

Case Presentation
Case 1

A 33-year-old Caucasian female with a history of recurrent
pancreatitis secondary to severe hypertriglyceridemia presented
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Table 1
Common Genetic Disorders that Cause Hypertriglyceridemiaa
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Disorder Pathogenesis

Lipid phenotype

Apolipoprotein E mutations

lipoproteins
Apolipoprotein A-V Impaired VLDL apoB-100 catabolism
deficiency (APOA5
mutation)
Apolipoprotein C-II
deficiency (APOC2
mutation)
LPL deficiency

Decreased activation of lipoprotein lipase

LMF1 mutation
folding and maturation of LPL
GPIHBP1 mutation

Impaired hepatic uptake of apoE-containing lipoproteins results in reduced conversion of VLDL
and intermediate density lipoproteins to LDL, with subsequent accumulation of remnant

Loss of functional LPL results in reduced hydrolysis of chylomicron- and VLDL-TGs

Elevations in plasma total cholesterol and
TGs

Hypertriglyceridemia
Marked hypertriglyceridemia/
chylomicronemia in infancy or childhood

Very high TG levels and features of the
chylomicronemia syndrome

Loss of functional LMF1, which traverses the endoplasmic reticulum and assists with the correct Chylomicronemia later in adulthood

Loss of functional GPIHBP1 that stabilizes binding of chylomicron near LPL and supports lipolysis Chylomicronemia later in adulthood

Abbreviations: GPIHBP1 = glycosylphosphatidylinositol-anchored high-density lipoprotein-binding protein 1; HDL = high density lipoprotein; LDL = low density lipoprotein;
LMF1 = lipase maturation factor 1; LPL = lipoprotein lipase; TG = triglyceride; VLDL = very low density lipoprotein.

2Derived from reference 3.

for management of dyslipidemia and prediabetes while undergoing
in vitro fertilization. She had history of gestational diabetes during
her first pregnancy treated with insulin and delivered healthy
twins. Family history was significant for premature coronary artery
disease in her father at age 30 years and mother at age 52 years.
Skin examination did not show any tendon xanthoma, eruptive
xanthoma, or xanthelasma. Prior to the visit, her prediabetes and
hypertriglyceridemia were previously controlled with metformin,
simvastatin, nicotinic acid, and Gemfibrozil used intermittently.
She had history of previous hospitalization for acute pancreatitis
and serum TG levels of 14 000 mg/dL due to stopping of the
hypolipidemic medications. Prior to in vitro fertilization and during
her pregnancy, her niacin, simvastatin, Gemfibrozil, and metformin
were discontinued by the reproductive endocrinologist because of
safety concerns. Patient was counseled on 20% restricted fat diet
and prescribed omega-3 acid ethyl ester monotherapy initially on a
low dose and after 3 weeks titrating up to 12 g daily (in 3 divided
doses). With the strict low-fat diet and high-dose omega-3 acid
ethyl esters, her lipid profile was significantly improved, and the
serum TG levels remained near normal (Fig. 1). The patient also
tolerated the omega-3 acid ethyl esters very well during the
pregnancy without adverse effects. She delivered healthy male
twins by cesarean section at 37 weeks. After delivery, she was
started on fenofibrate 145 mg/day, omega-3 fatty acids, 4 g per day
in divided doses, and metformin.

Case 2

A 28-year-old primigravida patient at 29 week gestation was
admitted with acute onset of epigastric pain and nausea for 24
hours. On admission, in addition to an elevated serum lipase (505
U/L) and total cholesterol (1651 mg/dL), her TGs were remarkably
high (>4000 mg/dL with a 1:5 dilution). She had no family history
of hypertriglyceridemia. Abdominal ultrasound showed a small
amount of fluid in the left upper quadrant. She was treated with
Gemfibrozil 600 mg twice a day, Lovaza (omega-3 acid ethyl esters)
2 g orally twice a day, subcutaneous heparin and insulin, but serum
TG levels did not improve. Patient clinical status was worse on the
second day in hospital with tachycardia (heart rate 130 bpm),
tachypnea (respiratory rate 30) with SpO; 97% on 2 L nasal canuli,
hypocalcemia (corrected serum calcium 7.4), and persistent high
TG above 4425, and the decision was made to initiate plasmaphe-
resis. After the first session, TG levels significantly decreased to 721
mg/dL. On hospital day 6, the TG level rose to 1245 mg/dL,
prompting a second plasmapheres, which lowered the TG level to
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770 mg/dL. However, TG again increased to 1365 mg/dL on the next
day, which required a third plasmapheresis. For the remainder of
hospitalization, patient TG ranged between 400 and 733 mg/dL.

Despite recommendation of a strict fat diet and continuation of
Gemfibrozil and Lovaza, her TG continued to be elevated to 1347
mg/dL 5 days later. From that point, she started weekly sessions of
preventative plasmapheresis for a total of 8 sessions prior to an
uneventful vaginal delivery at 36 weeks of gestation (Fig. 2). One
month later, her lipid profile dramatically improved. Total choles-
terol was 233 mg/dL and TGs were 304 mg/dL while on the same
lipid-lowering regimen.

Discussion

During pregnancy, hormonal changes including progesterone,
estrogen, and human placental lactogen cause an overall increase in
plasma lipids (Table 2).>° In women with abnormal lipoprotein
metabolism these changes lead to severe hypertriglyceridemia and
may precipitate pancreatitis.® Acute pancreatitis in pregnancy
poses various risks to the mother and her fetus. As a result,
appropriate treatments to reduce TG levels can minimize maternal
and fetal morbidity.

Although a low-fat diet and nutritional support with omega-3
fatty acids and medium-chain TGs remain a cornerstone of ther-
apy, it is necessary to carefully balance fetal nutritional needs and
the needs of the mother.” An extreme low-fat diet may cause
complications of fetal development, such as impaired fetal brain
and visual development® Meanwhile, there are limitations on
chronic use of lipid-lowering agents such as fibrates and niacin but
also other medications, such as insulin and heparin, in pregnancy
because of insufficient studies conducted on humans and their risk
of teratogenicity.” Furthermore, some drugs, such as fibrates, do not
provide powerful effects to rapidly decrease the high plasma TG
levels. Omega-3 fatty acids and plasmapheresis can be effective and
relatively harmless methods that can be used in pregnant women
with severe hypertriglyceridemia and pancreatitis (Table 3).1°

Our first case demonstrates that severe hypertriglyceridemia
during pregnancy can be managed with high-dose omega-3 acid
ethyl esters and dietary fat restriction. Omega-3 acid ethyl esters
down-regulate hepatic lipogenesis and stimulate fatty acid oxida-
tion in the liver and skeletal muscle; hence reducing the TG level.
Additionally, omega-3 acid ethyl esters are not incorporated into
chylomicrons, directly activate lipoprotein lipase, and enhance
removal of TG-rich lipoproteins. Clinically, omega-3 fatty acids have
been reported to reduce serum TG by 25% to 30%.”
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Fig. 1. A,B Serum lipid profiles before pregnancy and during pregnancy in case 1.
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Fig. 2. Triglyceride levels in response to plasmapheresis in case 2.

Based on a small number of case reports, omega-3 acid ethyl
esters are generally safe.'""'> Omega-3 acid ethyl esters are given
in 3 to 4 g daily together with dietary fat restriction to treat
severe hypertriglyceridemia during pregnancy.” However,
there are some data on higher doses that have been used. For
example, Glueck et al'! effectively treated a pregnant patient
with 12 g eicosapentaenoic acid without adverse effects. As
shown in Fig 1, our patient's serum TG was well controlled
throughout the pregnancy with 12 g of Lovaza in divided doses
along with a meal plan limiting fat to 20% of ingested calories.
Although we exceeded the recommended dose of Lovaza by
3-fold, there were adverse effects after a short time either in the
mother or the baby.
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Our second case illustrates severe hypertriglyceridemia
complicated by acute pancreatitis that was successfully treated
with plasmapheresis. Plasmapheresis works by decreasing TG
levels (up to 70% in 1 session), reducing inflammatory cyto-
kines, and replacing deficient lipoprotein lipase or apolipopro-
teins when plasma is used as the replacement fluid."”
Plasmapheresis also removes excessive proteases from the
plasma and replaces consumed protease-inhibitors. Due to lack
of evidence, plasmapheresis can be considered within category
Il by the American Society of Apheresis and in cases where
hypertriglyceridemia is severe and refractory to all other ther-
apies."*!> In our second patient, other treatment regimens
including Gemfibrozil, Lovaza, and parenteral insulin were used
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Table 2
Hormone Changes in Pregnancy and Their Impact on the Lipid Panel®
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Hormone change during
pregnancy

Effects on lipid panel

Mechanism

Estrogen (increase) Increase TG and VLDL

Progesterone (increase) e Increase TG-rich lipoprotein secretion and LDL
cholesterol
o Decrease concentrations of HDL cholesterol
Prolactin (increase) Increase TG

Human placental lactogen
(increase)

Increase free fatty acids

Insulin (increase
progressively from 1st to
3rd trimester)

e Accumulate maternal fat depots

e Increase lipoprotein concentrations and lipoprotein
triglyceride content, including VLDL, HDL, and LDL
levels

Increase TG, total cholesterol, and LDL levels
Increase TG, total cholesterol, and LDL levels
Increase TG, total cholesterol, and LDL levels

Leptin (increase)
Adiponectin (decrease)
Cortisol (increase)

Decrease in the LPL gene expression inhibits LPL activity and reduces the VLDL
cholesterol clearance.

Increase in hepatic lipase activity enhances TG and VLDL synthesis in the liver
Increase appetite, weight gain, and fat deposition

Increase lipogenesis

Suppress hepatic lipase activity

Inhibit adipose tissue lipoprotein lipase activity

Induce peripheral insulin resistance

Suppress plasma LPL activity

Activate hormone-sensitive lipase that increases lipolysis

Increase cholesteryl ester transfer protein

Insulin sensitivity increases during the 1st trimester, but decreases during the
second and third trimesters.”

Stimulate adipose tissue LPL activity and lipogenesis

Increase hormone-sensitive lipase activity, markedly increase lipolysis rates and
corresponding increase in free fatty acids delivered to the liver for hepatic TG
synthesis, and increase secretion of VLDL

Decrease in LPL reduces the peripheral catabolism of VLDL

Modulate insulin resistance

Cause insulin resistance

Increase insulin resistance

Abbreviations: HDL = high density lipoprotein; LDL = low density lipoprotein; LPL = lipoprotein lipase; TG = triglyceride; VLDL = very low density lipoprotein.

2 Derived from reference 5.

b The changes of lipid profiles during pregnancy are affected by the dominant actions of estrogen, progesterone, placental lactogen, and prolactin. In patients with genetic

mutations, these effects on lipid profiles will be much more significant.

Table 3
Considerations for Management of Hypertriglyceridemia During Pregnancy®
Treatment Mechanism and effects Limitations
modalities
Low-fat diet <20% of calories from fat helps reduce chylomicrons (substrates for exogenous TG A small risk of low birth weight, prematurity and maternal

synthesis pathway)
Omega-3 acids
and adipose tissue LPL expression
Decrease TG levels by 45%
Fibrates
oxidation, and stimulation of reverse cholesterol transport
Decrease hepatic TG synthesis
Enhance reverse cholesterol transport
Reduce hepatic-free fatty acid breakdown
Release LPL from the endothelium into the plasma

Niacin-based
preparations

Heparin
Insulin Rapid and potent activator of LPL
Therapeutic

plasma
exchange

Rapidly remove TG-rich lipoprotein

Decrease hepatic TG synthesis, increase peroxisomal B-oxidation, enhance LPL activity

Increase LPL level, decrease hepatic TG synthesis by induction of hepatic free fatty acid

complications from extreme weight loss
Fishy taste
Mild gastrointestinal side effects (eg, eructation)

Slow onset

May cause teratogenicity during first semester

High dose to treat hypertriglyceridemia has not been studied
in pregnant patients

Transient effect

Possibility of secondary paradoxical hypertriglyceridemia
Risk of hypoglycemia

Unclear role in patients with normal blood glucose
Transient effect

Remove inflammatory mediators/cytokine levels in acute pancreatitis

Abbreviations: LPL = lipoprotein lipase; TG = triglyceride.
¢ Derived from reference 2.

without efficacy. At this point, plasmapheresis was started and
provided a significant decrease by over 80% TG level after the
first session.

Due to limited data available on using plasma exchange
during pregnancy, current knowledge about its effectiveness
and safety is based on expert opinions and case reports
(Table 4). While most of the cases required cesarean section, our
case had uneventful vaginal delivery. Plasmapheresis can be
utilized not only in severe gestational hypertriglyceridemia
complicated by pancreatitis but also prophylactically in patients
with recurrent pancreatitis.'® Most patients needed multiple
sessions of plasmapheresis because its effect is usually tran-
sient.” Our case had a repeated rise in TG levels, which required
multiple sessions of plasmapheresis. Plasmapheresis is generally

well tolerated in pregnant patients. Some concerns arise from
the central venous access for procedures and its subsequent
infection risk, transient anticoagulation due to loss of clotting
factors that poses risk of obstetric hemorrhage, and placental
perfusion due to fluid volume shift.!” Additionally, the incidence
of adverse effects including blood access problems, tingling,
hypotension, and urticaria is reported to be 5.7%.'° Another
potential concern of plasmapheresis is the safety limit of
reduced TG levels in pregnancy. Some theories suggested that a
very low-fat diet might have an adverse effect on fetal devel-
opment due to a deficiency in essential fatty acids, but this has
not been confirmed.'” We also documented no severe adverse
effects in either of our patients or their fetuses with the TG
target less than 500 mg/dL documented at delivery.
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Table 4
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Cases of Gestational Hypertriglyceridemia-Induced Pancreatitis Managed With Therapeutic Plasma Exchange

Case Patient age Time of pancreatitis during Treatment regimen Total sessions Clinical outcome
(years) gestation required
Our patient 28 29 weeks Therapeutic plasma exchange 8 An uneventful vaginal delivery at 36 weeks of
(case 2) gestation
Michalova 27 22 weeks, 27 weeks, and 33 Therapeutic plasma exchange 17 Delivered a healthy baby at 36 weeks of gestation by C-
et al** weeks of 1% pregnancy; section
17 weeks of 2" pregnancy
Serpytis 31 33 weeks Therapeutic plasma exchange 3 Delivered a healthy newborn female by C-section
et al’!
Huang Mean age Unknown Therapeutic plasma exchange (fresh ~ 1-3 Delivery of 4 healthy infants via C-section Termination
et al*? 27.6 frozen plasma or albumin) of pregnancy at 21 weeks in 1case
Conclusion 6. Neill AM, Hackett GA, Overton C, Byrne CD. Active management of acute
hyperlipidaemic pancreatitis in pregnancy. J Obstet Gynaecol. 1998;18(2):
. . . L. 174—175.
Severe gestational hypertriglyceridemia is a common cause of 7. Wong B, Ooi TC, Keely E. Severe gestational hypertriglyceridemia: a practical
pancreatitis that can cause complications during pregnancy. Man- approach for clinicians. Obstet Med. 2015;8(4):158—167.
i : H H H idiceio 8. Holman RT, Johnson SB, Osburg PL. Deficiency of fatty acids and membrane
ag.ement of ge§tat10n§l hypertrlglycerldemle} requires l‘l.‘ll..lll.IldISC.l fluidity during pregnancy and lactation. Proc Natl Acad Sci USA. 1991;88(11):
plinary care with mainstays of a low-fat diet and antilipidemic 48354839,
regimens. Omega-3 fatty acids are safe for pregnancy use as mon- 9. Cruciat G, Nemeti G, Goidescu I, Anitan S, Florian A. Hypertriglyceridemia
otherapy, even at a high dose. Plasmapheresis can be safe and triggered acute pancreatitis in pregnancy - diagnostic approach, management
. e . and follow-up care. Lipids Health Dis. 2020;19(1):2.
efficacious when nutrition therapy and other standard medical 10. Athyros VG, Giouleme OI, Nikolaidis NL, et al. Long-term follow-up of patients
interventions fail; however, additional research is needed. with acute hypertriglyceridemia-induced pancreatitis. J Clin Gastroenterol.
2002;34(4):472—475.
11. Glueck (J, Streicher P, Wang P, Sprecher D, Falko JM. Treatment of severe fa-
Disclosure milial hypertriglyceridemia during pregnancy with very-low-fat diet and n-3
fatty acids. Nutrition. 1996;12(3):202—205.
o . i 12. Takaishi K, Miyoshi ], Matsumura T, Honda R, Ohba T, Katabuchi H. Hyper-
The authors have no multiplicity of interest to disclose. triglyceridemic acute pancreatitis during pregnancy: prevention with diet
therapy and w-3 fatty acids in the following pregnancy. Nutrition. 2009;25(11-
12):1094—-1097.
Acknowledgment 13. Yeh JH, Chen JH, Chiu HC. Plasmapheresis for hyperlipidemic pancreatitis. J Clin
Apher. 2003;18(4):181—185.
3 . 3 . 14. Lennertz A, Parhofer KG, Samtleben W, Bosch T. Therapeutic plasma exchange
The views expressed in this article are those of the authors and do in patients with chylomicronemia syndrome complicated by acute pancreatitis.
not reflect the official policy or position of the Department of the Ther Apher. 1999;3(3):227-233.
Army, Department of the Navy, Department of Defense, or the US 15. Padmanabhan A, Connelly-Smith L, Aqui N, et al. Guidelines on the use of
! . . Lo . § . . therapeutic apheresis in clinical practice-evidence-based approach from the
government. The identification of specific products or scientific writing committee of the American Society for Apheresis: the seventh special
instrumentation is considered an integral part of the scientific issue. J Clin Apher. 2016;31(3):149—162.
endeavor and does not constitute endorsement or implied endorse- 16. Kleess ;E, Janicic N: Severe hypel‘tl‘iglyceridemia in pregnancy: a case report
and review of the literature. AACE Clin Case Rep. 2018;5(2):e99—e103.
ment on the part of the authors, DoD, or any component agency. 17. Kim AS, Hakeem R, Abdullah A, et al. Therapeutic plasma exchange for the man-
agement of severe gestational hypertriglyceridaemic pancreatitis due to lipopro-
tein lipase mutation. Endocrinol Diabetes Metab Case Rep. 2020;2020:19—0165.
References 18. Stegmayr B, Ptak J, Wikstrom B. World apheresis registry report. Trans ApherSci.
2007;36(1):13—-16.
1. Basaran A. Pregnancy-induced hyperlipoproteinemia: review of the literature. 19. Thulasidass K, Chowdhury TA. Hypertriglyceridemic pancreatitis in pregnancy:
Reprod Sci. 2009;16:431—437. case reports and review of the literature. JRSM Short Rep. 2013;4(8).
2. Goldberg AS, Hegele RA. Severe hypertriglyceridemia in pregnancy. J Clin 20. Michalova R, Mankova A, Vnucak M, et al. Therapeutic plasma exchange in
Endocrinol Metab. 2012;97(8):2589—2596. secondary prevention of acute pancreatitis in pregnant patient with familial
3. Lewis GF, Xiao C, Hegele RA. Hypertriglyceridemia in the genomic era: a new hyperchylomicronemia. Biomed Pap Med Fac Univ Palacky Olomouc Czech
paradigm. Endocr Rev. 2015;36(1):131—147. Repub. 2019;163(1):90—94.
4. Ray ]G, Diamond P, Singh G, Bell CM. Brief overview of maternal triglycerides as 21. Serpytis M, Karosas V, Tamosauskas R, et al. Hypertriglyceridemia-induced
a risk factor for pre-eclampsia. BJOG. 2006;113(4):379—386. acute pancreatitis in pregnancy. JOP. 2012;13(6):677—680.
5. Grimes SB, Wild R. Effect of pregnancy on lipid metabolism and lipoprotein 22. Huang C, Liu J, Lu Y, et al Clinical features and treatment of hyper-

levels. In: Feingold KR, Anawalt B, Boyce A, et al, eds. Endotext. MDText.com,
Inc; https://www.ncbi.nlm.nih.gov/books/NBK498654/
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