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Abstract

Parenteral nutrition associated liver disease (PNALD) is a significant compli-
cation in infants receiving long-term parenteral nutrition (PN). Chronic ad-
ministration of PN has been associated with its development. Our purpose is
to characterize our incidence of PNALD over an extended period and identify
risk factors for its development, including administration of soybean-based
injectable lipid emulsions (ILEs) as we transit to novel ILEs in our practice.
Infants receiving 30 days or more of PN were included. PNALD was defined
as a direct bilirubin > 2 mg/dL. Data collected included: patient demograph-
ics, clinical and enteral feeding characteristics. Macronutrient intake was rec-
orded using these cut-offs: glucose infusion rate (GIR) of <14 mg/kg/min or
above, protein doses of <3 g/kg/day or above and lipid doses of <2 g/kg/day
or above. A total of 349 infants were included, with an annual incidence of
PNALD ranging between 34% - 54%. Infants with PNALD were younger by
gestation (27 vs. 29.5 weeks) and smaller by birthweight (900 vs. 1248 grams).
Sepsis, GI disease including necrotizing enterocolitis and bowel resection
were significantly associated with an increased risk for development of
PNALD. PNALD infants received lower protein doses (3.0 vs 3.3 g/kg/day, p
= 0.014) while receiving higher GIR (11.4 vs 10.7 mg/kg/min, p = 0.012)
compared to non-PNALD infants. Low birth weight, sepsis and bowel resec-
tion remain strong indicators of risk for PNALD. No single macronutrient
increased our infants’ risk for PNALD. The use of newer ILEs when available
should be evaluated for their impact on PNALD development.
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1. Introduction

Parenteral nutrition (PN) plays a significant role in achieving adequate growth
and development in infants unable to be fed enterally [1]. By providing nutrition
intravenously, patients are able to receive: essential macronutrients including
carbohydrates, lipids, and protein; micronutrients, such as vitamins, minerals,
and trace elements; and electrolytes that are necessary to meet caloric needs and
energy demands. PN is thought to be particularly beneficial in specific patient
populations, including those with gastrointestinal (GI) disorders and/or surgical
patients unable to transit to enteral nutrition postoperatively. However, PN is
not benign, and prolonged courses can lead to increased risk of serious compli-
cations such as central line associated bloodstream infections, metabolic bone
disease, and cholestasis.

Cholestasis, or parenteral nutrition associated liver disease (PNALD), is a
known risk factor for patients receiving prolonged PN [2] [3]. It is estimated that
the risk of PNALD increases after a patient has been on PN for greater than 14 -
30 days [4]. If left untreated or unresolved, PNALD has the potential to progress
to more severe liver complications including hepatic fibrosis, cirrhosis, fulmi-
nant liver failure, and death [5]. There are several proposed etiologies for the
development of PNALD including prematurity or immature hepatic function,
lack of enteral feeding or gut stimulation, infection leading to sepsis, certain GI
diagnoses including necrotizing enterocolitis (NEC), bowel resection, medica-
tions, and the duration of PN [6]. In addition, over-supplementation of protein,
lipids, dextrose or high-calorie regimens as a whole have all been implicated as
contributors to the development of PNALD [7] [8] [9]. In particular, hepatic
steatosis and bile acid dysregulation seen in PNALD have been attributed to
long-term administration of soybean-based lipid emulsions [10] [11]. Soybean
oil is rich in omega-6 long-chain fatty acids which lead to synthesis of
pro-inflammatory prostaglandins that have been linked to adverse effects on the
liver [12]. In addition, vegetable oils contain phytosterols, which with increased
exposure can lead to increased concentrations of such in plasma [13]. Phytoste-
rols have been associated with impaired bile acid transport observed in PNALD
[14]. Once PNALD ensues, medical teams implement changes primarily in 2
ways, by modifying PN/EN regimens or initiating medications. Agents such as
cholecystokinin-octapeptide, ursodeoxycholic acid, and enteral fish oil have been
studied [15] [16] [17] [18]. Among the changes in nutritional regimens likely to
be done are initiation of trophic enteral feedings, cycling of PN, lipid emulsion
restriction and/or substitution to lipid emulsions from other sources [19] [20]
[21] [22] [23]. There is wide variability in the aforementioned therapeutic strat-

egies among practitioners and institutions. Any one intervention has only been
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shown to have modest efficacy in resolution of PNALD, leading organizations
such as the American Society of Parenteral and Enteral Nutrition (ASPEN) to
give inconclusive recommendations regarding some of these interventions in pa-
tients at risk of PNALD [24].

The aim of this study was to analyze our experience in the development of
PNALD in infants receiving PN. Our primary objective was to determine the in-
cidence of PNALD in our neonate/infant population on prolonged PN with
primarily a soybean-based lipid emulsion. Our secondary objectives were to
identify risk factors for development of PNALD from the cohort’s clinical cha-

racteristics and their nutritional regimens.

2. Methods

Infants who were initiated on PN during their first year of life were screened for
study inclusion. Our hospital is a 255-bed teaching facility with multiple inten-
sive-care units (ICU). PN is implemented by a pharmacist-run consult service,
in addition to standard neonatal PN solutions for non-consult patients in our
neonatal ICU.

For study inclusion, patients must have been less than 12 months of age at PN
initiation between January 2010 and December 2016, and received PN for at
least 30 days. Patients were excluded if they were initiated on ECMO during
hospitalization, had a diagnosis of primary hepatobiliary or hematologic disease
per medical record, had PNALD on transfer to our institution, or developed
elevated direct bilirubin while receiving phototherapy. We defined PNALD as a
direct bilirubin > 2 mg/dL or in its absence, a total bilirubin > 4 mg/dL on 2
consecutive draws 7 days apart. The data extracted from the electronic medical
record included: patient demographics (date of birth, gestational age, race,
gender, etc), clinical characteristics (length of stay, diagnoses, bowel resection,
and sepsis occurrence) and logistical data about their PN regimen (PN indica-
tion, PN Service consult, age at initiation and discontinuation of PN). We also
recorded information on the infants’ enteral feeding characteristics such as age
at first enteral feeding and age when consistently fed (defined as the age when
enteral feedings were ordered and no longer suspended unless for a procedure or
extubation, and restarted shortly thereafter). We recorded the subject’s macro-
nutrient intake from PN and used the following cut-offs for categorizing the da-
ta: glucose infusion rate (GIR) of <14 mg/kg/min or above, protein doses of <3
g/kg/day or above and lipid doses of <2 g/kg/day or above. These data were col-
lected from the PN order being provided when the pt. first had an abnormal di-
rect bilirubin concentration or at day 7 of PN for those infants that did not de-
velop PNALD. At our institution, our amino acid solution for infants is Tro-
phamine ® (BBRaun Medical Inc. Bethlehem, PA) and our only injectable lipid
emulsion (ILE) available at the time was Intralipid ® (Fresenius Kabi °, Uppsala,
Sweden). For patients that developed PNALD, further data was extracted in-
cluding peak total and direct bilirubin, any medications used for the treatment

of cholestasis, whether PN was cycled, and age at resolution of cholestasis if
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achieved. Data was censored at discontinuation of PN, discharge/transfer to
another facility, the end of our study period 1/31/17 or death, whichever came
sooner.

Statistical analysis was performed using the SPSS 32-bit software package for
Windows (release 24.0; IBM Corp.). Comparisons were made between infants
who developed PNALD and those who did not. For continuous variables that
were parametric, the student’s t-test was utilized. Non-parametric continuous
variables were analyzed using the Mann-Whitney U test. The chi-square test was
used for categorical variables and significance was defined as a p-value of <0.05.
Logistic regression analyses were used to assess the predictability of certain clin-
ical and nutritional factors in the development of PNALD on these infants. This

study was approved by our local Institutional Review Board.

3. Results

Between January 1, 2010 and December 31, 2016 there were a total 2298 infants
initiated on PN. Of those, 385 patients received PN for 30 days or more, 22 were
excluded because of phototherapy, 2 had PNALD already on admission, 1 had
myelodysplastic disease, and 11 developed PNALD during ECMO therapy re-
sulting in 349 (15.2%) infants included in final analysis. The primary outcome of
the study was the annual incidence of PNALD that ranged between 34% - 54%
(Figure 1). Secondary outcomes included identification of clinical factors that
increased the risk of PNALD and determination of macronutrient impact on the
development of PNALD. For patients who developed PNALD, the average PN
day at onset (D. Bili > 2 mg/dL or T. Bili > 4) was 41.5 + 26.9 days. The peak di-
rect bilirubin was 5.3 + 4.0 occurring at a median of 56.5 days on PN. The peak
total bilirubin was 8.5 + 4.9 mg/dL and occurred at a median 63 days on PN.

Incidence of PNALD in Infants on PN for > 30 days from 2010 to 2016
100

90
80
70

60
= No

PNALD
= PNALD
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% Percentage

40

30

20

2010 2011 2012 2013 2014 2015 2016
(n=61) (n=47) (n=59) (n=57) (n=47) (n=63) (n=40)
Year

Figure 1. Incidence of Parenteral Nutrition-Associated Liver Disease (PNALD) in
infants on PN for at least 30 days.
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3.1. Baseline Demographics

As shown in Table 1, patients enrolled in the study were predominantly female
and African American. Gender and race/ethnicity distributions were comparable
for both groups. Infants who developed PNALD were younger by gestational
age, which was associated with lower birth weight and longer length of hospital

stay, when compared to those that did not develop PNALD.

3.2. Clinical Characteristics

Sepsis, GI disease, primarily NEC and bowel resection showed statistical signi-
ficance (Figure 2), (p < 0.002). After regression analysis was conducted with all
4 factors in the model, only sepsis (O.R. 3.89; C.I 2.262 - 6.667) and bowel resec-
tion (O.R. 3.44; C.I 2.160 - 5.464) remained significant.

3.3. Parenteral Nutrition and Feeding Characteristics

Patients who developed PNALD had a significantly longer duration of PN and
were significantly older when consistent enteral feeds were established (Table 2).
Other parameters that were statistically different but likely clinically insignifi-
cant because of small differences included age PN was started, nil-per-os (NPO)
duration, and age initial feeds attempted.

Analysis of macronutrient intake showed that infants with PNALD were re-
ceiving significantly less protein (9%) and higher glucose infusion rates (6.5%)
compared to those infants that did not develop PNALD (Table 3). Lipid dose
was not statistically different between the two groups. We saw no effect on the
incidence of PNALD during two periods of lipid shortages where we imple-
mented a lipid restriction protocol. Regression analyses showed that infants were
more likely (O.R. 2.5, C.11.017 - 1.034) to develop PNALD for every day over 30
days in duration of their PN course. Infants who received > 3 g/kg/day protein
intake were less likely to develop PNALD (O.R. 0.61; C.I 0.396 - 0.932); whereas
every increase in GIR (mg/kg/min) was associated with a higher incidence of
PNALD (O.R. 1.11; C.I1.023 - 1.211).

4. Discussion

There have been several studies evaluating PNALD and the role of ILEs have
played in its development, but few with a similar number of patients as ours,
almost 350 and over such a long span, 7 years. We were able to confirm in a
large cohort of infants with similar clinical conditions that other investigators
had demonstrated as clinical conditions increasing the likelihood of PNALD [2]
[4] [5]. Occurrence of sepsis, GI diagnosis as a PN indication, primarily NEC
with bowel resection placed the infant at significantly increased risk versus those
that did not experience these conditions [6] [25] [26]. A younger gestational age
placed the infant at a significant risk of developing PNALD compared to those
closer to term birth. Though, when analyzing size-for-gestational age, there was

no significant difference between those who were small-for-gestational age ver-
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sus those who were not. Infants with PNALD had significantly lower birth
weight compared to those who did not, which led to significantly longer hospital
courses shown in the PNALD patients. Our Level IV neonatal intensive care unit
(NICU) is a major gastrointestinal surgery referral center for the region. It is
possible our incidence of PNALD may be skewed compared to other institu-
tions, which mostly have term infants in their nurseries. Our cohort was predo-
minantly African-American, which reflects the population of the city in which

our institution is located.

Patients clinical characteristics

= PNALD
= No
PNALD

Sepsis GI Diagnosis NEC Bowel Resection
(n=263) (n=293) (n=170) (n=185)

70

60

% Percentage

Figure 2. Common clinical characteristics among patients with or without Parenteral
Nutrition Associated Liver Disease (PNALD). GI = Gastrointestinal Disease; NEC = Ne-
crotizing Enterocolitis.

Table 1. Baseline patient demographics.

PNALD (n =149) No PNALD (n=200) p-value

Gender—
Female no. (%) 78 (52.3) 112 (56) NS
Male no. (%) 71 (47.7) 88 (44)
Race/Ethnicity - no. (%)
African American 92 (61.7) 117 (58.5)
Caucasian 42 (28.2) 70 (35) NS
Hispanic 10 (6.7) 8 (4)
Other 5(3.4) 5(2.5)
Gestational Age (weeks) 27 (23 - 40) 29.5 (23 - 40) 0.025
Small-for-Gestational Age—no. (%) 42 (28) 49 (24.5) NS
Birth weight (g) 900 (330 - 5648) 1248 (420 - 5448) 0.006
Length of stay (days) 126 (34 - 463) 79.5 (32 - 492) <0.001

NS = not significant; PNALD = Parenteral Nutrition Associated Liver Disease. Categorical data are ex-
pressed as total cases (percent). Continuous data are expressed as median (range).
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Table 2. Parenteral Nutrition (PN) and Feeding Characteristics.

PNALD (n=149) No PNALD (n = 200) p-value

Age PN initiated (days) 7 (0 - 135) 2 (0 -358) <0.001
Duration of PN (days) 80 (30 - 386) 44 (30 - 313) <0.001

Age PN discontinued (days)* 89 (36 - 400) 52.5 (31 - 403) <0.001
NPO duration (days) 17 (0 - 106) 14 (0 - 61) 0.003

Age enteral feed initiation (days) 30 (1-98) 20 (1-137) 0.001
Age consistently fed (days) 77 (16 - 343) 43 (5 - 354) <0.001

*or age at discharged from facility or last observation (1/31/17). NPO = nil-per-os; PNALD = Parenteral
Nutrition Associated Liver Disease. Data are expressed as median (range).

Table 3. Macronutrient Intakes between groups.

PNALD (n= 149) No PNALD (n=200) p-value

Protein
AA > 3 g/kg/day 68 (45.6%) 116 (58%) 0.022
AA dose (g/kg/day) 3(1.3-4.1) 33(1-4.1) 0.014
Dextrose
GIR > 14 mg/kg/min 18 (12%) 14 (7%) NS
Mean GIR, mg/kg/min (SD) 11.4 (2.7) 10.7 (2.5) 0.012
Lipids
ILE > 2 g/kg/day 104 (69.8%) 125 (62.5%) NS
ILE dose (g/kg/day) 2.9(0-3.2) 2.7 (0-3.2) NS

AA = amino acid; GIR = glucose infusion rate; ILE = injectable lipid emulsion; NS = not significant;
PNALD = Parenteral Nutrition Associated Liver Disease. Categorical data are expressed as total cases (per-
cent). Continuous data are expressed as median (range) unless otherwise specified.

When evaluating our infants’ feeding status, it was shown that infants who
developed PNALD were NPO for a significantly longer duration. This in turn led
to an almost doubling of the duration of PN for infants with PNALD. These in-
fants were significantly older than the non-PNALD patients when they began
PN, which may have not impacted the incidence of PNALD either way since
they were on PN longer and were discontinued from PN at a later age. We
looked at feeding characteristics in our cohort since it is the intervention with
the best-proven benefit. Infants without PNALD began enteral feedings earlier
and, achieved consistent intake at a significantly younger age compared to those
who developed PNALD. This could have been a factor in the reduced length of
stay for the non-PNALD patients as discussed before. Our group was particular-
ly interested in knowing whether over-supplementation of a specific macronu-
trient had an effect on the development of PNALD. Other research groups have
shown deleterious effects of particular macronutrients in the optimal liver func-
tion of preterm infants with lipid emulsions taking most of the negative spotlight
in recent years [12] [27]. Some of these findings may not be valid anymore as
some of the effects were attributed to composition and/or source of certain
components which certainly have changed over the years. We found that intakes

of soybean-based lipid emulsion were not statistically different between our in-
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fants that developed PNALD and those who did not. Non-PNALD patients re-
ceived slightly higher-protein doses per day and received slightly lower glucose
infusion rates than those who developed PNALD. PNALD infants were more
likely to have been septic, reason why perhaps more restricted in certain aspects
of their PN, as opposed to the healthier infants. These differences were statisti-
cally significant but whether they are clinically significant remains unclear. Once
patients were discharged or transferred to another facility, we were unable to
follow up on whether or not PNALD had resolved. The annual incidence of
PNALD had fluctuations that could be explained by changes in practice occur-
ring over the years. In 2009, there was a concerted effort by our neonatology,
surgery and gastroenterology groups in standardizing both the initiation and
advancement of enteral feedings in our patients, which led to the creation of
feeding guidelines [19]. There was a learning curve to allow all our providers to
become familiar with them; therefore, the effects of this intervention may not
have affected the incidence of PNALD until 2011 [28]. In 2013, there was a simi-
lar revision in the feeding guidelines of patients with simple gastroschisis, which
were included in this cohort that could have positively influenced the develop-
ment of PNALD [29]. Also, during the study period, our practice site expe-
rienced 2 lipid shortages in 2010 and 2013, in which a lipid restriction protocol
was implemented. This protocol restricted administration of lipids to three times
or five times per week depending on the weight of the infant. This may have led
to a period of protection from maximal doses of soybean-based lipid emulsion
intake in those infants, affecting the development of PNALD [30]. Other institu-
tions have reported positive outcomes for infants with PNALD on li-
pid-restricted regimens [21] [31].

A few limitations in our study that warrant discussion include the limits for
age and peaks for the laboratory values that may have extended beyond our
study period. In particular, for the infants that continued on PN after hospital
discharge or our last day of analysis, 1/31/17. Their age of PN discontinuation
and their duration of PN may have well extended beyond our study period and
may not reflect an actual cessation of PN. The peaks reported may not be the
actual ones over the course of their disease, only during our study period. The
main limitation was the minimum PN duration of 30 days, likely excluding pa-
tients developing PNALD sooner than that. Previous studies have used an inclu-
sion criterion of 14 days [25]. In that scenario, the infant is likely to be started on
enteral nutrition, or advanced perhaps more aggressively, if already being fed,
and PN can be weaned off shortly after. We chose 30 days as a surrogate for PN
dependence. In these instances, even after developing PNALD, their GI condi-
tion and small volume of enteral feedings may not allow for PN to be discontin-
ued. We consider this particular group of patients the one we should focus our
efforts on. For now, clinicians can only be reactive when taking care of infants
with PNALD such as starting trophic feedings sooner and/or initiating choleretic
medications when possible. More research is needed to guide clinicians on the

interventions needed. Our data suggests that protein intake and GIR may carry a
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bigger effect on development of PNALD than lipids intake. New ILEs available
are definitely changing the landscape of PNALD that can reduce morbidity in
these infants. The next step for us will be to evaluate use of a newer ILE and how
it can prevent further progression of PNALD in our cohort and/or resolution as

others research groups have seen.

5. Conclusion

Almost half of the infants who received parenteral nutrition for at least thirty
consecutive days developed PNALD. Clinical factors associated with PNALD,
coinciding with previous literature, included lower gestational age, lower birth
weight, longer length of stay, sepsis, GI diagnosis, NEC, bowel resection, and
older age at enteral feed initiation and at goal feeds. There were no statistically
significant differences observed in lipid intake among those infants with PNALD
versus those without. With the advent of new lipid emulsions entering the U.S.
market, SMOFlipid® to name one, and its pending approval in children we will
be interested in seeing how its use could affect our incidence of PNALD moving

forward.
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