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Abstract

Objective: To compare aminotransferase with platelet ratio index (APRI), liver transplantation, 

and mortality rates between children with intestinal failure-associated liver disease (IFALD) who 

received fish oil lipid emulsion (FOLE) or soybean oil lipid emulsion (SOLE).

Study design: In this multicenter integrated analysis, FOLE recipients (1 g/kg/d) (n=189) were 

compared with historical controls administered SOLE (up to 3 g/kg/d) (n=73).

Results: Compared with SOLE, FOLE recipients had a higher direct bilirubin level at baseline 

(5.8 vs. 3.0 mg/dL, P < .0001). Among FOLE recipients, 65% experienced cholestasis resolution 

vs. 16% of SOLE (P<0.0001). APRI scores improved in FOLE (1.235 vs. 0.810 and 0.758, 

P<0.02) but worsened in SOLE recipients (0.540 vs. 2.564 and 2.098, P≤0.0003) when baseline 

scores were compared with cholestasis resolution and end of study, respectively. Liver 

transplantation was reduced in FOLE vs. SOLE (4% vs. 12%, P=0.0245). The probability of liver 

transplantation in relation to baseline DB was lower in FOLE vs SOLE recipients (1% vs. 9% at 

DB of 2 mg/dL; 8% vs 35% at DB of 12.87 mg/dL, P=0.0022 for both). Death rates were similar 
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(FOLE vs. SOLE: 10% vs. 14% at DB of 2 mg/dL; 17% vs. 23% at a DB of 12.87 mg/dL, P=0.36 

for both).

Conclusion—FOLE recipients experienced a higher rate of cholestasis resolution, lower APRI, 

and fewer liver transplants compared with SOLE. This demonstrates that FOLE may be the 

preferred parenteral lipid emulsion in children with IFALD when DB reaches 2 mg/dL.

Trial registration—Clinicaltrials.gov: NCT00910104 and NCT00738101
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Prolonged PN use can cause IF-associated liver disease (IFALD), defined as a serum direct 

bilirubin concentration (DB) ≥2 mg/dL.1 Unless PN is discontinued, cholestasis can progress 

from fibrosis to cirrhosis and death from end-stage liver disease.2 The Pediatric Intestinal 

Failure Consortium noted a 74.4% incidence of IFALD in children with IF, with a mortality 

rate of 27% and a liver transplant rate of 26%.3 Soybean oil intravenous (IV) lipid emulsions 

(SOLE) have been linked with IFALD, possibly due to their phytosterol, high omega-6 fatty 

acid, and low vitamin E content.4,5

In 2004, a fish oil IV lipid emulsion (FOLE) dosed at 1 g/kg/d was introduced in the US for 

compassionate use in patients with IFALD. Several single-site, observational studies have 

demonstrated that in comparison with SOLE, children who received FOLE achieved earlier 

resolution of cholestasis and had no evidence of essential fatty acid deficiency or growth 

failure.6–8 However, results for liver transplantation rates were inconsistent.9 Moreover, in 

some small case series reports, despite cholestasis reversal, hepatic fibrosis persisted in 

children who have received FOLE for IFALD.10,11

The objective of this report is to present data from a large, multicenter integrated analysis 

comparing FOLE vs. SOLE in infants with IFALD. We compared biochemical markers of 

liver injury including aspartate aminotransferase to platelet ratio index (APRI), a 

noninvasive marker for liver fibrosis, and rates of transplantation and mortality. These data 

were utilized for Food and Drug Administration (FDA) approval of FOLE as a sole source 

of intravenous lipid emulsion (ILE) in pediatric patients with IFALD.

Methods

Detailed methods have been previously described.12 Subjects from studies performed at 

Boston Children’s Hospital (BCH, Boston, MA) and Texas Children’s Hospital (TCH, 

Houston, TX) were included (clinicaltrials.gov study identifiers NCT00910104 and 

NCT00738101, respectively). Subjects with IFALD received open label treatment with a 

10% FOLE (Omegaven, Fresenius Kabi, Bad Homburg, Germany) under compassionate use 

protocols and were prospectively followed. Enrollment began in September 2004 at BCH, 

and September 2007 at TCH and ended in July 2018. For comparison, data were retrieved 

from historical controls who had received 20% SOLE (Intralipid 20%, Baxter, Deerfield, IL) 

between February 1999 and September 2011 at BCH, TCH, and Mattel Children’s Hospital 
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at the University of California Los Angeles (UCLA, Los Angeles, CA). Data collected until 

30 June 2012 are included in this report.

The studies were conducted in accordance with the ethical principles stated in the 

Declaration of Helsinki, Good Clinical Practice, International Conference on Harmonisation 

Guidelines, and all applicable laws and regulations. Written informed consent was obtained 

from a parent or legal guardian of FOLE recipients prior to any study procedures. A waiver 

of consent was obtained for SOLE recipients. The study was approved by the local 

institutional review board at each site.

Inclusion and Exclusion Criteria

At BCH subjects were included if they were <2 years of age, DB ≥2mg/dL, anticipated PN 

need for ≥ 30 days, and failed to respond to standard therapies for IFALD. Criteria at TCH 

and UCLA were similar except the subjects were >14 days and <5 years of age and 

anticipated PN need ≥14 days. At TCH, subjects were required to receive >20% of their 

calories from PN. All FOLE recipients received SOLE prior to being switched to FOLE; no 

recipient received FOLE as their initial source of ILE.

Safety Evaluations

Study endpoints were the time to resolution of cholestasis (defined as achieving DB <2mg/

dL), number of subjects achieving resolution of cholestasis, time to liver transplantation, 

number of subjects receiving liver transplantation, time to death, and number of subjects 

who died. Biochemical markers of liver injury included APRI score, DB, aspartate 

aminotransferase (AST), and alanine aminotransferase (ALT). Adverse events assessed 

included sepsis events and catheter-related bloodstream infections. A pediatric end-stage 

liver disease (PELD) score, used to estimate disease severity, was calculated post hoc for 

subjects who underwent liver transplantation at the time of listing.13

Statistical analyses

Statistical analyses were performed using the Statistical Analysis System (SAS) (version 

9.3) (Cary, NC). The integrated analyses were performed based on the pooled safety data 

from the studies conducted at BCH and TCH. Results discussed in this report are for the 

Safety Population, which included all FOLE and SOLE subjects from BCH and TCH, and 

SOLE subjects from UCLA who could be matched to FOLE subjects at either BCH or TCH. 

Analyses were performed at baseline, the time of resolution of cholestasis, and at the end of 

study as defined in the previous report.12

Fisher’s exact test was used for categorical variables and Wilcoxon rank-sum test for 

continuous variables. The Chi-squared test or Fisher exact test was used to analyze 

difference in proportions between treatments. Changes from baseline to the time of 

resolution of cholestasis and end of the study were evaluated for DB, AST, and ALT using 

an analysis of covariance (ANCOVA) technique with baseline value and treatment as fixed 

effects. For missing values, the first value within 14 days after baseline or the last value 

within 14 days prior to resolution of cholestasis or end of study, as applicable, was used.
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Time from baseline to resolution of cholestasis was assessed using Kaplan-Meier (KM) 

cumulative survival probabilities. If a subject discontinued the study without resolution of 

cholestasis (e.g., due to death or liver transplantation), then the subject’s time to resolution 

of cholestasis was censored using the last date with information. Estimates of time to 

resolution of cholestasis, a 95% confidence interval (CI) for median and quartiles, and 

number and percentage of subjects with resolution of cholestasis were analyzed by 

treatment. A log-rank test stratified by study was performed.

The time from baseline to death was analyzed using the KM method. If a subject 

discontinued the study, the subject’s time to death was censored using the last date with 

available information. KM estimates of time to death, a 95% CI for the median and quartiles, 

as well as the number and percentage of subjects who died and censored data were assessed 

by treatment. The time from baseline to liver transplant was similarly analyzed.

Results

FOLE recipients (n = 189) and 73 SOLE recipients were included in this study (Figure 1; 

available at www.jpeds.com). The proportion of subjects who completed the study was 

comparable for the FOLE and SOLE groups (64% vs. 63%). The most common reasons for 

study discontinuation in both groups were death and liver transplantation. Resumption of 

SOLE (after cholestasis resolution) was also a common reason for discontinuation in the 

FOLE group.

A majority of subjects in both groups were male and White (Table I; available at 

www.jpeds.com). FOLE recipients had a lower median gestational age compared with SOLE 

recipients (P=0.0350). At baseline, median DB, ALT, and AST levels were higher in FOLE 

recipients compared with SOLE recipients (P<0.0001 for all). The median total PN (69.0 vs. 

72.1 kcal/kg/d, P=0.8645) and enteral nutrition caloric intake (18.8 vs.19.9 kcal/kg/d, 

P=0.1886) were similar for FOLE and SOLE recipients through the time of resolution of 

cholestasis. The median ILE dose was lower in FOLE recipients vs. SOLE recipients (0.9 vs. 

2.3 g/kg/d, P<0.0001). FOLE recipients received significantly higher dextrose doses 

compared with SOLE recipients (14.4 vs. 12.3 g/kg/d, P=0.0004).

APRI and Liver Indices

The median APRI score progressively improved in FOLE recipients from 1.235 at baseline 

to 0.810 at the time of resolution of cholestasis (P=0.0167), and to 0.758 at the end of study 

(P=0.0006). In contrast, the median APRI score worsened in SOLE recipients from 0.540 at 

baseline to 2.564 at the time of resolution of cholestasis (P<0.0001), and to 2.098 at the end 

of the study (P=0.0003) (Figure 2). Mean DB, AST, and ALT values showed a significant 

decrease in FOLE recipients compared with SOLE recipients (Table II; available at 

www.jpeds.com).

More FOLE recipients than SOLE recipients experienced resolution of cholestasis (65% vs. 

16%, P<0.0001) (Figure 3). The estimated median time to resolution of cholestasis was 7.6 

weeks [95% CI: 6.6, 8.6] for FOLE recipients, and could not be calculated due to a lack of 

events for SOLE recipients (P<0.0001). In the KM analysis, 100% of FOLE recipients 
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experienced resolution of cholestasis by 52 weeks and this milestone was maintained 

through 104 weeks of treatment, while only 35% of SOLE recipients experienced resolution 

of cholestasis by 52 weeks (Figure 4). In a regression analysis, the probability of cholestasis 

resolution in relation to baseline DB was greater in the FOLE group vs. SOLE group (76% 

vs. 50% at a DB of 2 mg/dL and 50% vs. 19% at a DB of 12.87 mg/dL, all P-values <0.05) 

(Figure 5).

Central Line Infections/Central Line Sepsis

In this current study, the number of patients having a central line infection/sepsis was greater 

in the FOLE group. Among FOLE recipients, 76/189 patients (40.2%) experienced a central 

line infection or central line sepsis in comparison with 25/73 SOLE recipients (34.2%) 

(P=0.3987). Nevertheless, when analyzed by frequency per subject-year of exposure, the 

number of central line infections/sepsis was significantly greater in the SOLE group 

(P=0.0007). SOLE recipients had approximately 2 central line infections or central line 

sepsis events per year (56 events per 27.9 subject-years) in comparison with only 1.14 events 

per year (168 events per 146.8 subject-years) in the FOLE group.

Liver Transplantation

Fewer FOLE recipients underwent liver transplantation compared with SOLE recipients (4% 

vs. 12%, P=0.0245) (Figure 3), even though the mean PELD score was marginally higher for 

FOLE recipients than for SOLE recipients (25.9 vs. 20.0, P=0.0612). The estimated median 

time to liver transplantation was 79.0 weeks [95% CI: 55.7, --] for SOLE recipients and 

could not be calculated due to lack of events for FOLE recipients (P=0.0310). In the KM 

analysis, 3% of subjects at 12 weeks in both groups had received a liver transplant. Among 

the subjects who continued to require ILE at 36 weeks, 8% of FOLE and 24% of SOLE 

recipients received a transplant. Among subjects who continued to require FOLE through 

104 weeks, the need for liver transplantation remained stable at 8%. However, the need for 

liver transplantation among subjects who continued to receive SOLE at 56 weeks, 68 weeks, 

80 weeks and 84 through 104 weeks was 36%, 49%, 62%, and 75%, respectively (Figure 4). 

In a regression analysis, the probability of liver transplantation in relation to baseline DB 

was lower in the FOLE group vs. SOLE group (1% vs. 9% at a DB of 2 mg/dL and 8% vs. 

35% at a DB of 12.87 mg/dL, P=0.0022 for both) (Figure 5).

Mortality

The incidence of death was similar for FOLE and SOLE recipients (13% vs. 15%, 

P=0.6858) (Figure 3). Compared with SOLE recipients who died, FOLE recipients who died 

were more premature at birth (median gestational age of 26 weeks vs. 33 weeks) (P=0.0020) 

and had higher DB levels at baseline (6.2 mg/dL vs. 3.6 mg/dL, P=0.0505). The median time 

to death was estimated to be 45.4 weeks [95% CI: 36.9, –] for SOLE recipients, but could 

not be estimated for FOLE recipients (P=0.4986). In the KM analysis over time, among 

subjects who continued to require either FOLE or SOLE at 48 weeks, approximately 47% of 

SOLE were alive compared with 79% of FOLE at the same time point (Figure 4). In a 

regression analysis, the probability of death in relation to baseline DB was lower in the 

FOLE group vs. SOLE group (10% vs. 14% at a DB of 2 mg/dL and 17% vs. 23% at a DB 

of 12.87 mg/dL, P=0.36 for both) (Figure 5).
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The events that resulted in death were similar for both groups and consisted primarily of 

respiratory and cardiac disorders. Four percent of FOLE recipients died because of general 

disorders, including multiple organ dysfunction syndrome, and 4% of SOLE recipients died 

because of their hepatobiliary disorders. None of the deaths in FOLE recipients were 

considered related to the study treatment. Events leading to death in 3 SOLE recipients were 

considered related to treatment: respiratory failure (1 subject) and hepatic failure-associated 

events (3 events in 1 subject and 1 event in 1 subject).

Discussion

In this large multicenter integrated safety analysis, children with IFALD who received FOLE 

demonstrated improved APRI scores and a decreased transplantation rate when compared 

with children who received SOLE. The probability of cholestasis resolution, transplantation, 

and death were dependent on baseline DB. These milestones were dependent on ILE type. 

Consistent with these results and previously published reports, when compared with SOLE 

recipients, FOLE recipients were more likely to experience cholestasis resolution and 

demonstrated improved liver indices over time.14,15

Concerns have been raised that, despite the normalization of biochemical and hematologic 

parameters with FOLE, liver fibrosis may progress.10,16 Although liver biopsy is the 

standard for fibrosis staging, it is an invasive procedure that requires anesthesia and is 

associated with bleeding, particularly in children with IFALD.17 APRI scores correlate with 

the progression of liver fibrosis in patients with cystic fibrosis, chronic hepatitis B infection, 

and biliary atresia.18–20 In a study of 15 infants with IF who underwent intestinal 

transplantation alone or in combination with liver transplant, APRI scores were associated 

with liver fibrosis progression.21 Similarly, in a group of pediatric IF patients, APRI scores 

correlated with bilirubin values and predicted cirrhosis.22 In pediatric patients with IFALD, 

an APRI score cut-off of 1.6 was associated with a sensitivity of 81% and specificity of 76% 

(area under the curve, 0.79 95% CI: 0.64-0.91) for advanced fibrosis.23

There are challenges when assessing APRI scores. Unlike other causes of cirrhosis or 

fibrosis that have a more predictable pattern, IFALD, similar to biliary atresia, is a 

cholestatic disorder, with an irregular pattern of fibrosis.24 Cirrhosis, however, is an 

irreversible condition and APRI has been considered more reliable in that situation. As 

reported by Mutanen et al, despite resolution of cholestasis and portal inflammation, 

significant liver fibrosis and steatosis persisted in patients even after weaning off PN.25 In 

that population-based, cross-sectional study on liver histology in pediatric IF, the authors 

reported that intracellular cholestasis was due to parenteral dextrose rather than ILE dose as 

it was their practice to avoid ILE among patients who develop signs of IFALD. This may 

have accounted for their observation that steatosis, more typically associated with adult PN 

patients26, was equally common during (50%) and after weaning off PN (45%) and 

correlated with duration of PN and absolute and age-adjusted small bowel length. Moreover, 

in the majority of cases, they reported that liver histology remained abnormal up to 9 years 

after weaning off PN.
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Others, however, have reported that the type of ILE does influence fibrosis status. Pastor-

Clerigues et al reported that in 10 adult patients with IFALD, inflammatory and profibrotic 

markers improved when ILE was switched from a soybean oil containing ILE to FOLE.27 In 

2 patients administered FOLE for 4 months, the inflammatory, profibrotic, and clinical 

parameters of IFALD reversed within the first month of therapy. This response was 

maintained for the duration of FOLE therapy but decreased when soybean oil-containing 

ILE was reintroduced. The other patients receiving chronic soybean oil ILE showed elevated 

inflammatory and profibrotic parameters. As part of this same study, liver epithelial to 

mesenchymal transition (EMT) was induced by transforming growth factor beta 1 (TGFβ1) 

to evaluate in vitro liver fibrosis. FOLE suppressed the inflammatory response when in vitro 

human monocytes were stimulated with lipopolysaccharide but increased with soybean oil. 

In other experiments, TGFβ1 induced EMT that was suppressed by FOLE and enhanced by 

soybean oil.

The type of ILE may also influence the interpretation of APRI scores. The report by Diaz et 

al included only patients who received PN a minimum of three months and had a liver 

biopsy from January 2006 until November 2010.22 There was some selection bias as it was 

not customary to biopsy patients unless transplant was being considered. In that same study, 

patients ranging in age from 0.2 to 19 years (mean 2.03, SD 3.2 years) were included. Of 

those, 29 patients (60.4%) had been exposed to FOLE which may have also confounded the 

findings, as the use of FOLE may impact both AST and platelet values. [Unpublished data].
28 Among those receiving FOLE, APRI scores improved as the AST values declined and 

platelet counts rose but similar to what was observed by Mutanen et al, histological changes 

lagged, making the APRI scores less useful in assessing fibrosis. In contrast, the APRI 

scores of cirrhotic patients did correlate with their histology.

Nandivada et al reviewed the natural history of cirrhosis in a cohort of children with 

cirrhosis due to IFALD whose biochemical cholestasis reversed after treatment with FOLE.
14 In that study, the mean APRI decreased from 1.9 ± 1.8 at initiation of FOLE to 0.5 ± 0.3 

at 12 months after cholestasis resolution (P<0.001). Transaminases also decreased after 

resolution of cholestasis and remained low: AST and ALT decreased from 162 IU/L and 126 

IU/L at initiation of FOLE to 72 IU/L and 62 IU/L at 12 months after cholestasis resolution, 

respectively (P<0.001).

In our study, the median APRI scores, though high at baseline in the FOLE group, 

normalized and continued to progressively decline with FOLE, as demonstrated at the time 

of resolution of cholestasis and the end of study. These high APRI scores at baseline may 

have been the result of capillarization of the sinusoids as a result of hypersplenism or portal 

hypertension despite the fibrosis being mild and may be a limitation of using this 

noninvasive diagnostic tool.29 Moreover the etiology of thrombocytopenia seen in liver 

disease is multifactorial and may be due to lineage-specific thrombopoietin that is 

predominately produced in the liver and expressed by the hepatocytes, but is diminished 

when liver cell mass is severely damaged leading to reduced thrombopoiesis in the bone 

marrow with subsequent thrombocytopenia.30 Other factors such as sepsis, infection, and 

bacterial translocation, can also predispose IF patients to thrombocytopenia.31 Over time, 

infection rates and septic events improved in FOLE recipients which may have also 

Gura et al. Page 7

J Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



contributed to the improved platelet counts. Thus, the decrease in APRI scores over time 

observed in the FOLE recipients suggests a gradual recovery of hepatic function as 

demonstrated by the improved platelet counts. Furthermore, despite the limitations 

associated with the use of the APRI score and although FOLE recipients did have some 

degree of fibrosis, our findings suggest fibrosis did not progress to cirrhosis and is consistent 

with the reduced incidence of liver transplantation seen in that population. In contrast, APRI 

scores increased in the SOLE group to values > 2.0, suggesting worsening fibrosis and 

possibly cirrhosis, which was reflected by a higher need for transplantation.

Similar to previous reports32, 33, the incidence of liver transplantation in our study was lower 

for FOLE recipients vs. SOLE recipients (4% vs. 12%, P=0.0245). The PELD score was 

designed for children under 12 years of age to estimate their liver disease progression and 

likely survival while awaiting liver transplantation and utilizes total serum bilirubin, 

international normalized ratio (INR), height, weight, and albumin.34 Despite having higher 

PELD scores at baseline, fewer FOLE recipients underwent liver transplantation compared 

with SOLE recipients, correlating with the FOLE recipients’ improved status. Further 

supporting these results, the incidence of transplantation was stable at 6.5% at 20 weeks and 

8.0% at 84 weeks in FOLE recipients, and it gradually increased from 6.5% at 20 weeks to 

74.6% at 84 weeks in SOLE recipients. In a case-cohort study of 91 infants with IFALD, 

when compared with a contemporary cohort of children who received SOLE, children who 

received FOLE demonstrated a significantly lower rate of death or liver transplantation 

(9.5% [n=1] vs. 34.7% [n=6], P=0.005).32 In this study, the probability of liver 

transplantation increased as baseline DB increased in both the FOLE group and SOLE 

group. However, this risk was approximately 4-fold higher (8% vs. 35% at DB of 12.87 

mg/dL) in the SOLE group. In fact, some FOLE subjects with a PELD score ≥15 and 

baseline DB ≥15 mg/dL at the time of FOLE initiation still experienced biochemical 

resolution of their cholestasis.35 Nonetheless, like previous reports, this study suggests that 

early initiation of FOLE leads to better outcomes, particularly in preterm infants.9 To date, 

there is still no definitive test or factor to identify which patients have irreversible liver 

disease, suggesting that all PN-dependent patients with IFALD should be offered FOLE in a 

timely manner.

The use of FOLE may have contributed to our findings by lowering infection rates over time 

as catheter-related bloodstream infections and sepsis can also influence direct serum 

bilirubin concentrations. In this study, when analyzed by frequency per subject-year of 

exposure, the number of central line infections/sepsis events was significantly greater in 

SOLE recipients in comparison with those receiving FOLE.

With the improved care of children with IF, mortality from IFALD has decreased from 

approximately 27% prior to 2004 to > 10%.3,14 In this analysis, the incidence of death was 

similar for FOLE and SOLE recipients. However, no deaths were attributed to FOLE, 

whereas 3 deaths were considered related to SOLE. Despite a similar death incidence, at 

week 48 the likelihood of a SOLE recipient dying was more than double that for an FOLE 

recipient. This is notable because FOLE recipients were sicker at baseline and initiation with 

FOLE was reserved for subjects not expected to recover with conventional interventions. 

Moreover, deaths among FOLE recipients were more likely related to their prematurity at 
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baseline and the severity of their underlying disease. In comparison, deaths among SOLE 

recipients were more likely to be related to liver disease.

Regarding study limitations, a randomized controlled trial (RCT) study design would have 

been preferable. However, ethical considerations, lack of equipoise, and recruitment 

challenges excluded the possibility of an RCT. Additional limitations include a relatively 

small sample size and changes in surgical, medical, and nutritional practice between the two 

eras that could not be controlled for in this study. Moreover, the use of APRI scores should 

be considered only as an ancillary tool to be used in conjunction with clinical status and 

biopsy/ultrasound findings when available.

The results from this integrated analysis demonstrate that FOLE monotherapy is a safe and 

well tolerated parenteral lipid for children with IFALD. Children who received FOLE 

experienced a higher rate of cholestasis resolution, had lower APRI scores, and had fewer 

liver transplants compared with those who received SOLE. Disease progression was 

improved when FOLE monotherapy was started as soon as DB reached 2 mg/dL. For these 

reasons, FOLE should be considered the preferred ILE source for children with IFALD who 

require parenteral lipids as soon as DB reaches 2 mg/dL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1 online. 
CONSORT Diagram. Disposition of FOLE and SOLE recipients.
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Figure 2. 
Comparison of median APRI score for FOLE recipients compared with SOLE recipients at 

baseline, resolution of cholestasis, and end of study. APRI, aspartate aminotransferase to 

platelet ratio index, FOLE, fish oil intravenous lipid emulsion, SOLE, soybean oil 

intravenous lipid emulsion.
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Figure 3. 
Percentage of subjects with resolution of cholestasis, liver transplantation, and who died by 

the end of the study. P-values are from Fisher’s exact test (2-sided). FOLE, fish oil 

intravenous lipid emulsion, NS, not significant, SOLE, soybean oil intravenous lipid 

emulsion.
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Figure 4. 
Kaplan-Meier survival estimates for the time to A, resolution of cholestasis, B, liver 

transplantation, and C, death for FOLE recipients compared with SOLE recipients. 

Resolution of cholestasis was defined as the time point when DB concentration returned to 2 

mg/dL. Kaplan Meier curves were provided until last event or censoring, and were truncated 

after 2 years. Censoring data are not provided. FOLE, fish oil intravenous lipid emulsion, 

SOLE, soybean oil intravenous lipid emulsion.
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Figure 5. 
Regression analysis for the estimated probability of A, resolution of cholestasis, B, liver 

transplantation, and C, death by baseline DB for FOLE recipients compared with SOLE 

recipients. Resolution of cholestasis was defined as the time point when DB concentration 

returned to 2 mg/dL. For SOLE probability data, all values which were out of bound of what 

was observed in the data were truncated. FOLE, fish oil intravenous lipid emulsion, SOLE, 

soybean oil intravenous lipid emulsion.
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Table I.

Demographic and baseline characteristics*

Category Unit
FOLE

N = 189
SOLE
N = 73 P-value

Male sex 109 (57.7) 43 (58.9) 0.8897

White race 119 (63.0) 37 (50.7) 0.2799

Unknown race 39 (20.6) 23 (31.5)

Gestational age (weeks) 30.5 (26.0, 35.0) 33.0 (28.0, 36.0) 0.0350

Postmenstrual age (weeks) 41.0 (36.0, 52.0) 38.0 (34.0, 43.0) 0.0021

n = 183 n = 71

Body weight, Z-score
† −1.48 (−2.55, −0.63) −1.30 (−2.03, −0.56) 0.1597

n = 168 n = 50

Height/length , Z-score
† −1.86 (−3.04, −0.88) −1.81 (−2.89, −1.16) 0.4690

n = 162 n = 49

Head circumference, Z-score
† −1.58 (−2.71, −0.62) −1.19 (−1.62, −0.07) 0.0156

n = 189 n = 73

DB (mg/dL) 5.80 (3.50, 9.00) 3.00 (2.20, 4.40) <0.0001

n = 170 n = 47

Aspartate aminotransferase (U/L) 133.53 (77.84, 209.58) 70.66 (28.74, 133.53) <0.0001

n = 177 n = 68

Alanine aaminotransferase (U/L) 88.02 (43.11, 185.63) 35.33 (17.96, 82.63) <0.0001

DB, conjugated or direct bilirubin, FOLE, fish oil intravenous lipid emulsion, SOLE, soybean oil intravenous lipid emulsion

*
Data are n (%) or median (interquartile range).

†
Z-scores represent age-adjusted values
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Table II.

ANCOVA analysis of changes over time in liver function parameters*

Parameter Time Point (observations)

Group/Statistic Resolution of cholestasis† End of study‡

DB (mg/dL), n 247 236

 FOLE −1.99 [−3.08, −0.91] −2.55 [−3.72, −1.39]

 SOLE 3.95 [2.07, 5.84] 4.34 [2.36, 6.33]

 Difference −5.95 [−8.16, −3.73] −6.89 [−9.25, −4.54]

 P-value§ <0.0001 <0.0001

ALT (U/L), n 214 207

 FOLE 4.19 [−41.32, 49.70] −13.77 [−61.68, 33.53]

 SOLE 125.15 [46.71, 204.19] 128.74 [48.50, 208.98]

 Difference −121.56 [−213.17, −29.34] −142.51 [−236.53, −48.50]

 P-value§ 0.0098 0.0031

AST (U/L), n 183 174

 FOLE −13.17 [−76.65, 50.30] −23.95 [−91.62, 43.11]

 SOLE 317.96 [173.65, 461.68] 329.34 [180.84, 477.84]

 Difference −331.14 [−488.62, −173.05] −353.29 [−517.37, −189.82]

 P-value§ <0.0001 <0.0001

ALT, alanine aminotransferase, AST, aspartate aminotransferase, DB, direct or conjugated bilirubin, FOLE, fish oil intravenous lipid emulsion, 
SOLE, soybean oil intravenous lipid emulsion

*
Values represent least squares mean [95% confidence interval] using analysis of covariance (ANCOVA) model.

†
Resolution of cholestasis was defined as the time point at which DB was determined to be < 2.0 mg/dL.

‡
End of study was defined as the time of study completion or discontinuation.

§
P-value for Class Effect/Covariate (Type III) by Treatment Group.
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