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Parenteral nutrition–associated liver disease (PNALD) is a complex disease that is diagnosed by clinical
presentation, biochemical markers of liver injury, concurrent use of parenteral nutrition (PN), and negative
workup for other causes of liver disease. For the past 30 years, clinicians have had few effective treatments
for PNALD and when disease progressed to liver cirrhosis it was historically associated with poor outcomes.
Within the past 5 years there has been some encouraging evidence for the potential benefits of fish oils,
rich in omega-3 long-chain polyunsaturated fatty acids (x3PUFA), in reversing liver injury associated with
PN. This article reviews the current literature relating to x3PUFA and PNALD.
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Abbreviations ALT, alanine aminotransferase; AST, aspartate aminotransferase; EFAD, essential fatty
acid deficiency; EN, enteral nutrition; IND, investigational new drug; INR, international normalized ratio;
IVFE, intravenous fat emulsion; NAFLD, nonalcoholic fatty liver disease; x3PUFA, omega-3 long-chain
polyunsaturated fatty acids; PN, parenteral nutrition; PNALD, parenteral nutrition-associated liver disease;
SBS, short bowel syndrome; STEP, serial transverse enteroplasty; TNF-a, tumor necrosis factor-a; T/T,
triene:tetraene ratio; VLBW, very low birth weight
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INTRODUCTION

Parenteral nutrition–associated liver disease

(PNALD) occurs in approximately one quarter to

one half of pediatric patients maintained on long-
term parenteral nutrition.1 PNALD is more com-

mon in infants born prematurely, especially very

low birth weight (VLBW) infants, and those with

short bowel syndrome (SBS).2 PNALD can develop

within the first month of PN therapy.1 This article

reviews the pathophysiology and traditional treat-

ments for PNALD and evaluate the current

literature regarding x3PUFA for the treatment of

PNALD.

PATHOPHYSIOLOGY

The etiology of PNALD is not well understood
but is thought to be multifactorial.1–4 Potential
contributing factors to PNALD include lack of
enteral nutrition (EN), immature bile secretion,
inflammation, oxidative stress, infection, nutrient
deficiencies, and impurities in parenteral products
including lipids or amino acids.1–4 More recently,
cholestasis has been divided into infectious and
noninfectious etiologies. Sepsis often results in
inflammation and oxidative stress, but both of
these processes can also occur without an underly-
ing infectious etiology and are thought to have a
role in the development of PNALD. In the presence
of inflammation, proinflammatory cytokines are
released. These cytokines are potent inhibitors of
hepatobiliary transporter gene expression, which
may be responsible for impaired bile secretion
resulting in hyperbilirubinemia and cholestasis.5 In
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addition, highly reactive oxygen species are capable
of cell injury through lipid peroxidation, oxidation
of proteins, and destruction of DNA. Because the
antioxidant defense mechanisms during early infan-
cy are poorly developed, reactive oxygen species
may be an important factor in the development of
PNALD in this population.6,7 Inhibition of reactive
oxygen species during cholestasis has been shown to
reduce fibrosis.8

Lack of EN can lead to a decrease in the release
of counterregulatory hormones secreted from the
gut, thereby decreasing bile flow. In prematurity,
organ systems are not developed to the extent they
are in a term infant and/or adult, which can result in
a build-up of toxic intermediates from parenteral
products, which in turn can have harmful effects on
the hepatobiliary system. Methionine, as an exam-
ple, is known to be hepatotoxic in immature rabbit
pups, and the very high concentrations of methio-
nine in the plasma of neonates and infants receiving
standard adult amino acid formulations may result
in liver injury in the neonate.9 Composition and
dose of soybean-based intravenous fat emulsion
(IVFE) have been associated as risk factors for
cholestasis, and recent packaging changes of IVFE
have been associated with fat globules . 5 lm.10,11

In animal studies, unstable IVFE administration
resulted in increased oxidative stress and liver
injury.12 There also seems to be a potential genetic
predisposition in the pathophysiology of PNALD,
as it is possible to have 2 patients with a very similar
clinical and surgical course and 1 patient will
develop PNALD while the other patient does not.

Figure 1 is a representation of the complex
multifactorial pathophysiology of PNALD. The

development of PNALD is associated with in-
creased morbidity and mortality, and, if not
reversed, PNALD can progress to liver fibrosis,
hepatic failure, and death. PNALD improves with
the initiation of enteral feeding. Although most
PNALD reverses with advancement of enteral feeds
and discontinuation of parenteral nutrition (PN),
this is not an option in many patients with anatomic
or functional SBS.

TRADITIONAL TREATMENTS

Current treatments for PNALD have been
reported to have limited success and they include
PN cycling, drug therapy with ursodeoxycholic
acid, cholecystokinin, oral antibiotics, and nutrient
restriction including limiting soybean-based lipids
and providing conservative protein and dextrose
calories to prevent overfeeding.13–17 Surgical ap-
proaches such as the serial transverse enteroplasty
(STEP) bowel lengthening procedures have been
used to decrease need for PN.18 Intestine and
intestine plus liver transplantation have also been
lifesaving for patients with progressive
PNALD.19,20 However, these are invasive surgical
procedures that have a high risk of complications
including bleeding, infection, and rejection (in
transplant).19,20 Investigators have reported some
success with parenteral fish oil–based intravenous
fat emulsion (IVFE) (Omegaven, Fresenius Kabi
AG, Bad Homburg v.d.h., Germany) for the
treatment of PNALD.21,22 These initial case reports
were followed by small studies in humans and
animal research using fish oil for the treatment of
PNALD.

Figure 1. Multifactorial pathophysiology associated with parenteral nutrition–associated liver disease (PNALD).
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ANIMAL STUDIES OF x3PUFA FOR THE
TREATMENT OF LIVER DISEASE

Several animal models have been used to study
the effects of omega-3 long-chain polyunsaturated
fatty acids (x3PUFA) supplementation on liver
injury. Alwayn et al23 report the use of both enteral
and parenteral x3PUFA in a mouse model of
nonalcoholic fatty liver disease (NAFLD). Animals
were randomized to receive standard chow or an
enteral fat-free, high carbohydrate diet identical to
parenteral nutrition solutions given to pediatric
patients, with and without x3PUFA supplementa-
tion. Mice fed standard chow had the lowest hepatic
fat content and served as controls. Hepatic fat
content was the highest in mice fed the liquid high
carbohydrate diet and was significantly decreased
by both enteral and parenteral x3PUFA supple-
mentation.23

In a surgical model of liver injury, mice
underwent a common bile duct ligation and were
then randomized to receive a control soy diet rich in
x6PUFA or a Menhaden diet rich in x3PUFA.24 In
this study, there were trends that a Menhaden diet
was hepato-protective against injury, but this was
not statistically significant.24

A study in rabbits receiving a balanced PN
regimen with 3 g/kg/day IVFE evaluated the effects
of a soybean oil emulsion alone, an olive oil
emulsion alone, and a combination soybean (2.8
g/kg/day) and fish oil (0.2 g/kg/day) emulsion.
Animals that received the fish oil were found to
have more extensive hepatic fibrosis than those that
received the soybean or olive oil regimens.25 The
authors speculated that this finding might be due to
the omega-3 to omega-6 ratio of 1:6 in the emulsion
studied, whereas optimal omega-3 to omega-6
ratios in animal models have ranged from 1:2 to
1:4.26,27

HUMAN STUDIES OF INTRAVENOUS
x3PUFA

Children’s Hospital Boston reported the case of
a 17-year-old male who developed essential fatty
acid deficiency (EFAD) due to a soy allergy
preventing administration of soybean-based
IVFE.21 The patient was treated with parenteral
fish oil composed primarily of x3PUFA and limited
x6PUFA; EFAD was reversed. Clinicians also
observed decreases in aspartate aminotransferase
(AST), alanine aminotransferase (ALT), total
bilirubin, and direct bilirubin. In 2006, the Boston
group reported the complete reversal of PNALD in
2 infants with intestinal failure treated with fish oil–

based IVFE at 1 g/kg/day.22 Cholestasis resolved in
both infants within the first 60 days of treatment.

The same group published safety and efficacy
data for 18 patients treated with fish oil–based
IVFE at 1 g/kg/day infused over 12 hours per day
from September 2004 to August 2006 compared
with 21 historical control patients who received
standard soy-based lipid emulsions 1 to 4 g/kg/day
infused over 24 hours per day between 1986 and
1996.28 They reported the time to reversal of
cholestasis of 9.4 weeks in the fish oil–based IVFE
group compared with 44 weeks in the control group
(p¼0.002). There were 2 deaths and no liver
transplants reported in the fish oil–based IVFE
group compared with 7 deaths and 2 liver
transplants in the control group. Death occurred
at 6.7 and 10.7 weeks, respectively, in the 2 patients
in the fish oil group, whereas the time to death in
the historic control group was reported as a median
of 41 weeks. Although the initial findings are
interesting, this study is limited by the small sample
size and a control group that is from an observation
period 10 to 20 years prior to the treatment group.
Standards of care and infant survival have changed
in the last 20 years. Also, the dose of lipids was
significantly decreased in the treatment group.
These results could be interpreted as suggesting
that reduction of fats resulted in the improved
outcomes.

Puder et al29 published results of an open-label
study of 42 infants treated with fish oil–based IVFE
between August 2006 and November 2007 com-
pared with a historical cohort of 49 patients with
SBS and PNALD treated with soybean-based IVFE
from 1999 to 2006. This report is an extension of
the previously published work from this group with
a slightly more contemporary historical cohort.
Death occurred in 3 of 42 (7%) patients in the fish
oil group and 12 of 49 (24%) in the control group.
One patient receiving fish oil underwent liver
transplant compared with 6 patients in the control
group.29 The median time to discontinuation of PN
was 4 weeks in the fish oil group as compared with
20 weeks in the control group. PNALD resolved
while patients were still receiving PN in 19 patients
in the fish oil group and only 2 patients in the
control group.29 Patients in the fish oil group had
lower international normalized ratio (INR) values
and increased platelet counts compared with the
control group, suggesting that fish oil has a limited
effect on coagulation, but this conclusion is
confounded by the higher incidence of advanced
liver disease in the control group.

Similar success has also been observed by Italian
clinicians in a case report of an infant with severe
PNALD.30 The patient was started at 0.2 g/kg/day
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of fish oil–based IVFE and advanced by 0.2 g/kg/
day to achieve a dose of 1.5 g/kg/day, which is
higher than has been previously reported.30 Chinese
clinicians report the reversal of PNALD in 3 of 4
infants with intestinal failure treated with fish oil–
based IVFE.31 In these patients, standard soybean
oil–based IVFE was discontinued and fish oil–based
IVFE was initiated at 1 g/kg/day.31 Calhoun and
Sullivan32 report successful resolution of PNALD
in a 17-month-old infant with SBS after treatment
with fish oil–based IVFE. Chung et al.33 reported
the use of fish oil–based IVFE to treat 4 patients
with SBS and PNALD.

A study from Toronto recently reported the
reversal of PNALD in 9 of 12 infants with SBS that
were treated with a combination of a soybean oil–
based IVFE and fish oil–based IVFE. Four patients
had complete reversal of PNALD while receiving a
combination of soybean-based IVFE and fish oil–
based IVFE, whereas the other 5 patients did not
have reversal of disease until after soybean-based
IVFE was discontinued.34

Early reports of fish oil–based IVFE used
outcomes based on clinical presentation and bio-
chemical markers of cholestasis (AST, ALT, total
bilirubin, and direct bilirubin) and not based on
liver biopsy results. Investigators from Boston have
now reported 83 biopsy results taken in 66
children.35 Of the 83 biopsies, 74 demonstrated
fibrosis; 8 of these also demonstrated cirrhosis.
Forty-one of the 74 fibrotic biopsies (55%) were
obtained in patients without biochemical evidence
of cholestasis. Seventy percent of these patients
were treated with fish oil–based IVFE during their
clinical course. Soden et al36 reports similar findings
with 2 infants who had improvement in biochemical
markers of cholestasis but persistent portal fibrosis
despite treatment with fish oil–based IVFE. Hepa-
tocellular injury associated with PNALD has been
reported to occur within the first few weeks of PN

and the reversal of fibrosis associated with any type
of liver injury may never occur, but, if it does,
reversal often takes a long time.37,38

ELIMINATION OF SOYBEAN-BASED IVFE
AND ENTERAL FISH OIL

Although fish oil–based IVFE appears to be a
promising therapy for PNALD, its use in the
United States is hindered by lack of FDA approval,
thereby necessitating the use of an investigational
new drug (IND) application. Because of the
difficulty in obtaining the parenteral fish oil
product, some institutions have restricted or elim-
inated soybean-based IVFE and used enteral fish oil
products to treat infants with PNALD. Rollins et
al39 retrospectively evaluated 26 patients with SBS
receiving soybean-based IVFE 2 to 3 g/kg/day: 23
patients developed PNALD. PNALD resolved in
10 patients with the advancement of EN, 1 patient
developed PNALD and remained on 2 g/kg/day of
soybean-based IVFE, 3 patients required liver
transplant, 3 patients died, and 6 patients had
complete resolution of PNALD with the removal of
soybean-based IVFE. Four of these 6 patients also
received enteral fish oil.

Tillman et al40 reported 6 infants with PNALD
treated with enteral fish oil. PNALD completely
reversed in 4 of the 6 infants supplemented with
enteral fish oil within a mean of 5 weeks after
initiation of therapy. The 2 infants that did not have
complete resolution of disease had some improve-
ment in bilirubin and liver enzymes while on enteral
fish oil. One of these nonresponding infants had
extreme short gut, estimated as 8 cm of small bowel
remaining, and no ileocecal valve. This would
suggest that absorption is limited in the extremely
short gut patient but does not rule out an
intraluminal effect of fish oil. Similar results were
observed by Sharma41 when 4 infants had resolu-
tion of PNALD after being treated with enteral fish
oil.

USE OF OTHER CONTEMPORARY LIPIDS

European clinicians and researchers have used
other lipid products in addition to fish oil–based
IVFE. An IVFE composed of soybean oil, medium-
chain triglycerides, olive oil, and fish oil (SMO-
Flipid 20%, Fresenius Kabi AG) has also been used
for the treatment of PNALD (Table). In a
randomized, double-blind trial of 22 patients
treated with SMOFlipid and 22 patients treated
with olive oil and soybean oil IVFE for 5 days
postoperatively, there was no significant difference
in baseline AST and ALT between the 2 groups;

TABLE. Lipid Product Comparison*

Intralipid Omegaven SMOFlipid

Soybean oil 100% . . . 30%

Medium-chain
triglycerides

. . . . . . 30%

Olive oil . . . . . . 25%

Fish oil . . . 100% 15%

* Intralipid (Baxter Healthcare, Deerfield, IL; Fresenius Kabi,

Uppsala, Sweeden); Omegaven (Fresenius Kabi AG, Bad Homburg

v.d.h., Germany); SMOFlipid (Fresenius Kabi AG, Bad Homburg

v.d.h., Germany).
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however, significantly lower AST and ALT values
were observed at day 2 and day 5 in the SMOFlipid
group as compared with the olive oil and soybean
oil group.42

ADVERSE SIDE EFFECTS ASSOCIATED
WITH FISH OIL

As with any new therapy, there may be adverse
side effects. In the initial Boston cohort study, only
1 of 18 patients and 2 of 42 patients in the second
cohort exhibited biochemical evidence of EFAD
based on triene:tetraene ratios (T/T); however, total
fatty acid profiles were not reported in either
study.28,29 With decreased lipid dosing, it is possible
to have T/T within the reference range but have
concentrations of individual fatty acids below the
age-related reference range. A prospective evalua-
tion of 10 patients receiving fish oil–based IVFE as
a sole fat source at a dose of 1 g/kg/day resulted in
T/T within the reference range in all 10 patients, but
50% of patients had linoleic acid concentrations
below the reference range and 90% had at least a
17% reduction in linoleic acid concentration after 6
weeks of treatment with fish oil–based IVFE.43

Animal studies have not clarified the adequacy of
linoleic acid intake with fish oil. A study of pair-fed
mice provided with chow containing either soy-
bean-based or fish oil–based fat showed fish oil
both prevents EFAD and enhances growth in mice.
EFAD was determined based on T/T. All T/T were
within the reference range, but linoleic acid
concentrations were not reported.44

One infant with SBS and PNALD treated with
fish oil–based IVFE developed burr cell anemia that
resolved upon discontinuation of fish oil–based
IVFE.45 The authors speculated that incorporation
of x3PUFA within red blood cell membranes made
erythrocytes susceptible to trapping and destruction
within the spleen. The product labeling for the fish
oil–based IVFE suggests that the product could
increase bleeding risk.46 In contrast, Bays47 and
Harris48 both conclude that x3PUFA does not
increase bleeding risk.

POTENTIAL MECHANISM OF ACTION
OF x3PUFA

x3PUFA supplementation has been used for the
treatment of many inflammatory diseases including

Figure 2. This is a simplified diagram of the omega-6 long-chain polyunsaturated fatty acid (x6PUFA) and omega-
3 long-chain polyunsaturated fatty acid (x3PUFA) metabolism pathways leading to both proinflammatory and anti-
inflammatory eicosanoids. Both pathways compete for the same desaturase and elongase enzymes. COX,
cyclooxygenase; lipox, lipoxygenase; LTB, leukotriene beta; PGE, prostaglandin E; TXA, thromboxane.
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cardiovascular disease, arthritis, asthma, sepsis,
autoimmune disease, and malignancy.47 x3PUFA
are thought to exhibit anti-inflammatory effects by
causing a shift from x6PUFA-derived proinflam-
matory eicosanoids to the anti-inflammatory vari-
ety derived from x3PUFA.49 This pathway is
regulated by the D-5-desaturase enzyme system,
which preferentially metabolizes x3PUFA (Figure
2). A number of studies have suggested that positive
changes in membrane phospholipid content as well
as in clinical outcomes can be achieved with
relatively low intakes of fish oil.50–53 This suggests
that x3PUFA compete very effectively as substrates
for the D-5-desaturase enzyme system despite the
presence of large amounts of x6PUFA.

Tumor necrosis factor-a (TNF-a) is one of the
major proinflammatory cytokines involved in liver
disease.54 In a murine macrophage model, the
reduction of TNF-a gene transcription, via inacti-
vation of the NF-jB signal transduction cascade
secondary to decreased IjB phosphorylation at
serine 32, has been proposed as a mechanism for the
anti-inflammatory effects of x3PUFA.55 TNF-a
and other proinflammatory cytokines transcribed
via NF-jB, as well as stimulation of death receptors
on the hepatocellular surface, have been linked to
liver injury, causing both apoptosis and necrosis in
many types of liver diseases (cholestasis, NAFLD,
alcoholic cirrhosis, and hepatitis).56 Although the
exact mechanism of action of x3PUFA in PNALD
is unclear, this anti-inflammatory pathway would
seem to make sense based on potential etiologies of
the disease.

CONCLUSION

The current data suggest that fish oil given
either parenterally or enterally may be a potential
treatment for patients with PNALD. It is clear from
the treatment failures reported from many centers
across the world that fish oil is not a universal cure
for all patients. Recent biopsy reports from patients
treated with fish oil–based IVFE that showed
hepatic fibrosis with no biochemical evidence of
cholestasis is concerning.35,36 Contemporary lipid
solutions, such as the SMOFlipid product that
offers a blend of x3PUFA, x6PUFA, and
x9PUFA, may have an advantage in the treatment
of PNALD. A well-balanced lipid product may
have advantages over a single source product.
Several centers leading research efforts against
intestinal failure and PNALD have established
intraprofessional teams to attack this multifactorial
disease from all angles.57–59 This approach to the
care of this disease will likely result in the most
favorable patient outcomes. More research in the

form of randomized controlled trials evaluating
dosing of x3PUFA, as well as comparison of
enteral and parenteral fish oil, are needed to
adequately determine if fish oil is both safe and
effective in treating PNALD.
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