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A B S T R A C T

Intestinal Failure-Associated Liver Disease (IFALD) presents significant challenges in pediatric 
patients on long-term parenteral nutrition (PN).
Case report: We conducted a case series to evaluate safety and efficacy of administering higher 
dose (2 g/kg/day) Omegaven® (Fresenius Kabi AG, Bad Homburg, Germany), a fish oil-based 
lipid emulsion (FOLE), in pediatric patients with IFALD. Ten patients at Boston Children’s Hos
pital were found to have received FOLE at 2 g/kg/day. Data was retrospectively collected from 
electronic health records, including demographics, laboratory values, and treatment outcomes.
Conclusion: All patients using higher dose FOLE successfully transitioned to 20-hour PN cycles 
with FOLE 2 g/kg/day, meeting daily caloric requirements and preventing hypoglycemia. No 
adverse reactions were reported. For most patients, liver function markers remained within 
normal limits. Our findings suggest higher dose FOLE can facilitate PN cycling and promote 
growth. Further studies are warranted to validate these findings and establish optimal dosing for 
this patient population.

Introduction

Intestinal Failure-Associated Liver Disease (IFALD) poses a substantial challenge in pediatric patients dependent on long-term 
parenteral nutrition (PN) [1]. Intestinal failure (IF) is defined as a reduction in functional intestinal mass requiring at least 60 days 
of PN within a 74-day interval, whereas IFALD is characterized by liver dysfunction in a patient with IF that cannot be attributed to 
typical causes of liver disease [2]. IFALD encompasses various hepatic manifestations, from cholestasis in neonates to fibrosis in older 
patients [2]. Due to differences among patients in experienced intestinal failure and PN usage, as well as different thresholds for 
diagnosing IFALD among healthcare providers, determining the underlying prevalence of IFALD in this population remains 
challenging.

While management strategies for IFALD aim to modify nutritional approaches and promote intestinal adaptation to stabilize or 
reverse the condition, progression to end-stage liver disease necessitating transplantation remains a concern. IFALD, influenced by 
factors such as prematurity and prolonged PN use, complicates treatment efforts [3]. Although increasing enteral intake and weaning 
off PN are standard approaches for IFALD, a subset of patients progresses to end-stage liver disease, prompting the need for trans
plantation [2,3].
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Omegaven® (Fresenius Kabi AG, Bad Homburg, Germany), an FDA-approved fish oil-based lipid emulsion (FOLE), has shown 
promise in managing IFALD. The FDA-recommended daily dose for FOLE in IFALD is 1 g/kg/day [4]. However, there have been several 
case reports featuring the use of higher doses, up to 1.5 g/kg/day, in patients with poor growth, limited enteral intake, preexisting 
essential fatty acid deficiency (EFAD), or high glucose infusion rates (GIR) complicating PN cycling [1]. Despite this off-label usage, 
evidence on the safety and efficacy of higher doses, particularly up to 2 g/kg/day, remains limited. Therefore, we performed a case 
series to assess the safety and efficacy of higher doses of FOLE in pediatric patients with IFALD and high GIR complicating PN cycling, 
characterized by hypoglycemia (blood glucose below 70 mg/dL) and stagnant weight gain. During the data collection process, 
additional patients using higher dose FOLE for other indications were included to show further efficacy and safety data. This paper 
aims to offer valuable insights into the potential benefits and risks associated with using higher doses of FOLE in this specific patient 
population.

Case series

At the time of review, 3 patients at Boston Children’s Hospital were known to have received FOLE doses of 2 g/kg/day. A sub
sequent data search was performed to identify additional patients who had received FOLE dosed at 2 g/kg/day between June 01, 2024, 
and August 15, 2025. Patient data were retrospectively collected from electronic health records, and a comprehensive chart review was 
performed to gather demographic information, weight, serum triglyceride levels, fluid and electrolyte status, blood glucose levels, liver 
function markers, coagulation parameters. Date of FOLE initiation, up-titration, and de-escalation (if applicable) were collected. 
Nutritional measures including PN cycle duration, GIR, blood glucose levels, and markers of liver function were monitored to assess the 
efficacy of FOLE at 2 g/kg/day in facilitating PN cycling and improving IFALD. To assess the safety of the higher dose, triglyceride 
levels and coagulation parameters were routinely monitored. Additionally, signs of bleeding were checked daily to further evaluate 
that risk. Daily progress notes and monthly laboratory values were reviewed for adverse reactions such as pulmonary lipid accu
mulation, hypersensitivity reactions, infections, fat overload syndrome, refeeding syndrome, hypertriglyceridemia, and aluminum 
toxicity.

Between June 01, 2024, and August 15, 2025, a total of 46 patients were found to have received FOLE at doses of ≥ 1.5 g/kg/day. 
Of these 46 patients, 7 received a maximum dose of 2 g/kg/day. On June 01, 2024, the institution converted electronic medical re
cords, making it difficult to collect data for patients who initiated 2 g/kg/day FOLE prior to this date. For the purpose of this data 
analysis, 3 additional patients who were previously known to have received 2 g/kg/day FOLE and whose safety data had previously 
been documented were included, resulting in 10 patients being included in this case series. Demographic information is summarized in 
Table 1. Briefly, the 10 patients included ranged in age from 1.4 to 8.5 months at the time of 2 g/kg/day FOLE initiation, comprising 3 
females and 7 males. The majority of patients were born premature (gestational age range: 24w5d – 39w). Four patients had their FOLE 
dose increased to 2 g/kg/day to facilitate PN cycling, while the remaining 6 were initiated for calorie optimization. Per institutional 
practice, patients diagnosed with IFALD, defined as a direct bilirubin level of ≥ 2 mg/dL (34.2 μmol/L), may be initiated on FOLE at 
1 g/kg/day. Dosage adjustments may be made to facilitate the cycling of PN, aiming to achieve a minimum goal infusion cycle of 20 h 
prior to discharge.

For those patients on high dose FOLE to aid in PN cycling, all 4 patients were able to effectively transition to a 20-hour PN cycle, 
enabling discharge criteria while meeting daily total calorie requirements for growth while avoiding hypoglycemia. In patients 2, 7, 

Table 1 
Baseline Demographics

Patient Gestational 
Age

Sex Diagnoses Age at 2 g/kg/day 
FOLE initiation (days)

Anticoagulation use during high 
dose FOLE

1 37w1d Male Cardiomyopathy, sepsis, NEC, endocarditis, acute 
respiratory failure, GI hemorrhage, IFALD

55 Heparin intermittently in PN 
Therapeutic bivalirudin 
Prophylactic aspirin

2 33w2d Male Jejunal atresia, IFALD 111 None
3 37w0d Male DORV, mitral atresia, hypoplastic LV, liver dysfunction 

of unclear etiology
43 Prophylactic aspirin 

Prophylactic heparin 
Heparin per ECMO protocol

4 25w4d Male Intestinal perforation, PDA, NEC, IFALD 46 Heparin in PN
5 24w5d Male Surgical NEC, jejunostomy, IFALD 190 None
6 32w5d Male PA/IVS and RV-dependent coronary circulation, 

respiratory failure, NEC, liver dysfunction of unclear 
etiology

50 Heparin in PN 
Therapeutic bivalirudin

7 33w5d Female Gastroschisis, bowel necrosis, IFALD 236 None*
8 37w Male Gastroschisis, bowel necrosis, IFALD 147 None*
9 39w Female Hirschsprung’s disease, IFALD 106 None*
10 25w3d Female NEC, s/p small bowel resection, sigmoidoscopy, 

jejunostomy, mucosa fistula creation, PDA ligation
103 Heparin in PN 

Treatment enoxaparin 
transitioned to treatment 
bivalirudin

* Due to EMR conversion, anticoagulation data for patients 7, 8, 9 cannot be definitively stated. Based off existing information in their medical 
record, it is unlikely they received systemic anticoagulation. At most, they would have received prophylactic heparin within their PN.
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and 8, there was a notable decrease in GIR relative to their baseline value following the administration of high-dose FOLE (Table 2). 
Conversely, in patient 9, GIR increased during high-dose FOLE treatment due to inadequate daily weight gain. Of these 4 patients, none 
were reported as receiving systemic anticoagulation while on high-dose FOLE. The effects of high-dose FOLE on IFALD were main
tained, as evidenced by normal liver function markers in patients 7 and 8, as well as the downtrend in direct bilirubin in patients 2 and 
9. Serum triglyceride levels remained within normal limits post dose escalation in all 4 patients. Three patients, baseline INR and PT 
were not collected, but were within normal limits when assessed on high dose FOLE. No patients were documented to have experienced 
FOLE associated adverse reactions or developed a new infection.

Of the patients on high-dose FOLE primarily for caloric optimization, all 6 were shown to tolerate the dose escalation. Of these 6 
patients, no patient underwent PN cycling during high dose FOLE use. One patient (patient 5) underwent attempts at PN cycling prior 
to high dose FOLE initiation, but went into high dose receiving PN over 24 h and did not attempt to cycle during their time on high 
dose, so they were not included in the cycling group. It is important to note that all these patients were medically complex, most with 
comorbid cardiac conditions and infections that would impact caloric demand and growth. Patients were dose escalated to 2 g/kg/day 
of FOLE commonly around day 52 of life and remained on this high dose for a median of 22 days (Table 3). These patients were found 
to have a median growth of 0.513 kg while on high dose FOLE. The majority of these patients experienced IFALD prior to FOLE 
initiation. Of these 6 patients, 5 received some form of anticoagulation while on higher dose FOLE. Four received prophylactic heparin 
in their PN (500 units/L), 2 received prophylactic aspirin, and 3 received therapeutic bivalirudin. Patient 3 was canulated onto 
Extracorporeal Membrane Oxygenation (ECMO) while on high dose FOLE and received heparin titrated per hospital policy, while 
patient 10 transitioned to therapeutic bivalirudin from therapeutic enoxaparin. After the initiation of high dose FOLE, direct bilirubin 
levels increased in 2 patients and decreased in 4. In the patients where maximum direct bilirubin was higher post initiation, this was 
attributed to the severity and progression of the underlying disease states (including infection, cardiac dysfunction, pharmacologic, 
and PN usage) in patient 1, and was transient in patient 4 (though direct bilirubin did remain elevated during the short course of high 
dose FOLE). Triglycerides decreased in all but one patient post high dose initiation. Coagulation labs either remained consistent or 
decreased in the majority of patients, while maximum PT increased in one patient. Three patients experienced a bleeding event while 
on high dose FOLE. Patient 1 experienced a GI bleed 10 days into high dose FOLE which was attributed to supratherapeutic PTT, with 
this progressing to hemorrhagic shock 4 days later. Patient 3 experienced a possible GI bleed 12 days into high dose FOLE, though this 
was a single bleeding event from the patient's stump. Patient 6 experienced an upper GI bleed 6 days into high dose FOLE, though this 
patient also had three episodes of GI bleeding within one month prior to initiation. No patients were documented to have experienced 
FOLE associated adverse reactions. No patients were found to have a new infection post high dose FOLE initiation. Four did receive 
antibiotic therapy while on high dose FOLE (patients 1, 3, and 4) continuing from prior to initiation, and 6 receiving multiple courses of 
48–72 h rule out antibiotics. Three patients in this group (patients 1, 3, 6) succumbed to the severity of their underlying disease states.

Discussion

Factors such as prematurity, growth retardation, and the administration of PN, including lipids, along with high GIR, elevate the 
risk of hyperglycemia. Studies focusing on neonates, particularly those of low birth weight (LBW) or born premature, consistently 
reveal that sustained serum glucose levels exceeding 150 mg/dL are associated with adverse clinical outcomes and increased mortality 
rates [5]. Therefore, the importance of cycling PN and reducing GIR to mitigate these risks cannot be overstated. Hyperglycemia in 
infants reliant on PN can be managed through either reducing the GIR or administering insulin [6]. However, decreasing the GIR may 
result in calorie deficits and potential long-term repercussions on growth and neurodevelopment. On the other hand, insulin 
administration heightens the likelihood of hypoglycemia and demands close blood glucose monitoring, a task that can be daunting in 
infants. In addition, due to the relatively low dose of insulin needed in an infant, accurate measurements and administration can be 
difficult. Moreover, initiating cyclic PN in preterm infants may not be feasible due to immature gluconeogenic and glycogenolytic 
enzyme systems, limited glycogen stores, and high glucose demands predisposing to hypoglycemia [7]. Hypoglycemia in infants can 
lead to seizures, lasting neurological impairment, and, in rare instances, mortality if not promptly addressed [8].

According to ESPGHAN/ESPEN/ESPR guidelines on pediatric PN, once patients exhibit tolerance to a full amount of PN and 
achieve stability both clinically and biochemically, the infusion time can gradually be reduced by an hour every day over a period of 
days/weeks, with frequent assessment of volume/rate tolerance and blood glucose levels [9]. Establishing this cycling of PN while in 
the hospital is crucial for confirming tolerance and safety before discharge home [9]. Cyclic PN has been shown to have a protective 
effect against IFALD [10]. The majority of patients in this case series were previously diagnosed with IFALD, so attempts to cycle PN 
were necessary due to these benefits. Per institutional practice, the goal of PN cycling is to reach 20 h while maintaining blood glucose 
above 60 and achieving a weight goal of 5 kg prior to discharge.

In the cases presented, attempts to cycle PN to 20 h, which were unsuccessful while patients were administered 1 g/kg/day FOLE 
became successful after increasing the dose to 2 g/kg/day. Previously, a case report had illustrated a malnourished infant developing 
EFAD while on FOLE at a dose of 1 g/kg/day, which resolved upon increasing the dose to 1.5 g/kg/day [11]. As 1.5 g/kg/day was 
shown to be safe, the four patients were increased to this higher dose to optimize their caloric intake. This, unfortunately, was unable to 
provide appropriate calories for weight gain and lead to high GIRs being used, which in turn lead to hypoglycemia when cycling was 
initiated. Increasing the FOLE dose to 2 g/kg/day, however, allowed for PN cycling while providing sufficient calories. Protein was not 
considered as an alternative calorie source due to its potential to harm kidney function, causing increased glomerular pressure and 
renal hyperfiltration [12]. Another factor for considering FOLE as an appropriate alternative calorie source in this patient cohort is its 
potential to enhance insulin sensitivity in children [13]. This enhanced sensitivity may aid those infants in tolerating high glucose 
infusion rates, particularly beneficial in scenarios like patient 8 where increased GIR was necessary for optimal growth.
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Table 2 
Assessment of laboratory values of patients using high dose FOLE to facilitate cycling

Patient Dose of 
FOLE

Duration of 
cycle attempt 
(days)

Minimum cycle 
duration 
achieved (hours)

Minimum GIR 
achieved (mg/ 
kg/min)

Days with 
hypoglycemia 
(days)

Minimum 
blood glucose 
(mg/dL)

Change in 
weight 
(kg)

Maximum direct 
bilirubin (mg/dL; 
RR: <0.4)

Maximum 
triglyceride level 
(mg/dL; RR: <115)

INR (RR: 
0.93–1.15)

PT (RR: 
9.5–12.5 s)

2 Pre 
high 
dose

11 23 12.1 3 57 + 2.594 5.7 138 1.16 13.3

Post 
high 
dose

14 20 12.9 4 56 + 0.296 0.2 79 unmeasured unmeasured

7 Pre 
high 
dose

39 23 11.7 10 26 + 0.9 0.5 67 Unmeasured Unmeasured

Post 
high 
dose

23 20 9.3 15 51 + 0.43 0.2 67 1.22 15.8

8 Pre 
high 
dose

8 23 15.9 1 48 + 0.19 < 0.2 49 Unmeasured Unmeasured

Post 
high 
dose

47 20 15.3 7 54 + 0.98 < 0.2 57 1.13 14.8

9 Pre 
high 
dose

22 21 12.7 11 48 + 0.6 2.4 65 Unmeasured Unmeasured

Post 
high 
dose

28 20 13.3 8 48 + 0.55 1.4 57 1.05 14
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High dose FOLE was also shown to be tolerable and beneficial for patients who needed further caloric optimization beyond 1 or 
1.5 g/kg/day FOLE. All but one patient was shown to have gained weight post high dose FOLE initiation, with patients gaining between 
12 and 56 g/day while on higher doses. Assessment of true weight gain versus volume overload is often challenging, potentially 
leading to an inappropriate assessment of FOLE to promote weight gain.

High dose FOLE was shown to be clinically beneficial for these patients while maintaining safety. The incidence of hypoglycemia 
secondary to PN cycling was reduced. Serum triglyceride levels remained within safe limits after dose escalation, while serum direct 
bilirubin was shown to decrease in 7 patients and remain within normal limits in 3. Current literature shows an overall low bleed risk 
with FOLE [14,15]. Bleeding events were found to have occurred in 3 patients, though this was complicated by these patients also 
having been on systemic anticoagulation prior to and during FOLE usage. INR and PT decreased compared to baseline in all but one 
patient. Elevated INR and PT above reference range were found in 4 patients, though 3 of these patients were on therapeutic biva
lirudin, which is known to impact both INR and PT. The remaining patient did not have baseline INR or PT drawn, so it is difficult to 
attribute the elevation above reference range only to higher dose FOLE. No patients were found to have experienced pulmonary lipid 
accumulation, hypersensitivity reactions, infections, fat overload syndrome, refeeding syndrome, hypertriglyceridemia, or aluminum 
toxicity.

Limitations of this review are difficulties collecting patients and information secondary to a change in electronic medical record, 
the relative short duration of high dose FOLE treatment for these patients, and difficulty attributing elevations in laboratory values 
solely to FOLE dose given the complexity of patient’s underlying disease states. Of the 10 patients reported, only 4 had an INR and PT 
assessed both pre and post high dose FOLE initiation which makes it difficult to fully assess the impact of FOLE on either. Despite this, 
no bleeding events attributed to FOLE were noted.

In conclusion, cycling PN and reducing GIR before discharge are essential for clinical stability and improved outcomes. This case 
series underscores the challenges in achieving PN cycling with currently approved doses of FOLE. Increasing the dose to 2 g/kg/day 
facilitated successful PN cycling without complications. Personalized dosing strategies may optimize PN management in neonates with 
complex nutritional needs. Further research is needed to validate these findings and refine PN protocols for better patient outcomes.
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Table 3 
Assessment of laboratory values of patients using high FOLE for calorie optimization

Patient FOLE 
dose

Weight 
(kg)

Maximum direct 
bilirubin (mg/dL; RR: 
≤ 0.4)

Maximum triglyceride 
level (mg/dL; RR: 
<115)

INR (RR: 
0.93–1.15)

PT (RR: 
9.5–12.5 s)

Duration of high 
dose FOLE (days)
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weight (kg)
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Post 
high 
dose

3.620 31.8 120 2.1 22.9

3 Pre high 
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2.680 29.0 182 1.08 14.4 18 0.520

Post 
high 
dose

3.200 12.1 134 1.11 12.8

4 Pre high 
dose

1.950 4.5 68 Unmeasured Unmeasured 16 0.200

Post 
high 
dose

2.150 4.6 126 1.59 19.8

5 Pre high 
dose

5.470 2.7 158 Unmeasured Unmeasured 9 0.505

Post 
high 
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6 Pre high 
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2.070 17.6 227 2.39 27.3 67 1.890
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dose

2.345 2.9 262 Unmeasured 15.7 69 1.910

Post 
high 
dose

4.255 0.8 168 1.7 20.7
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