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Abstract
AIM
To determine if packed red blood cell transfusions
contribute to the development of parenteral nutrition
associated liver disease.

Informed consent statement: As this was a retrospective chart
review, informed consent was waived by the institutional review
board.
Conflict-of-interest statement: None of the authors involved in
this study have any conflicts of interest.

METHODS
A retrospective chart review of 49 premature infants
on parenteral nutrition for > 30 d who received packed
red blood cell (PRBC) transfusions was performed.
Parenteral nutrition associated liver disease was pri
marily defined by direct bilirubin (db) > 2.0 mg/dL. A
high transfusion cohort was defined as receiving >
75 mL packed red blood cells (the median value). KaplanMeier plots estimated the median volume of packed

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this

WJCP|www.wjgnet.com

365

November 8, 2016|Volume 5|Issue 4|

D’Souza A et al . PRBC transfusions increase PNALD
transfusion guidelines are based on expert opinion, rather
than evidence-based data, and vary among practitioners,
[3,4]
institutions and clinical situations . The increased sus
ceptibility of neonatal intensive care unit (NICU) patients
to develop anemia requiring blood transfusions is attri
butable to multiple factors. These include prematurity
itself, nutritional deficiencies, iatrogenic blood loss, and
other medical conditions commonly seen in the NICU such
[5]
as sepsis, hemolysis, bleeding disorders, and surgery .
Although PRBC transfusions are believed to be helpful
[6]
in the NICU , they have been implicated in the deve
lopment of bronchopulmonary dysplasia, acute lung
injury, necrotizing enterocolitis (NEC), intraventricular
[7,8]
hemorrhage, and retinopathy of prematurity . Multi
ple transfusions may result in iron deposition leading
[9-14]
to dysfunction in the liver, heart and other organs
.
Because RBC life span in preterm infants is shorter,
accelerated cell breakdown results in even greater de
grees of hepatic iron deposition. Efforts to decrease
transfusion requirements in low birth weight infants
include utilizing erythropoietin in the first 48 hour of
[15]
life . This hematopoietic agent has been suggested to
[16]
have a neuroprotective effect in newborns .
Parenteral nutrition (PN) is another recognized risk
factor contributing to hepatobiliary dysfunction in newborn
[17-20]
infants
. The clinical spectrum of parenteral nutritionassociated liver disease (PNALD) encompasses cholestasis,
cholelithiasis, elevated transaminases, steatosis, fibrosis,
biliary cirrhosis, portal hypertension and, potentially,
[18]
hepatic failure . Although PNALD’s pathogenesis may
be multifactorial, omega-6 fatty acids in PN regimens
[19]
now appear to be the primary etiologic agent . Addi
tional risk factors include prematurity, other nutrient
excesses or deficiencies, sepsis from the central line,
decreased enterohepatic circulation, intestinal stasis, and
[20]
bacterial overgrowth .
The published literature most often defines PNALD
[20,21]
in this setting as a direct bilirubin (db) > 2.0
. As
this was a pilot study to provide preliminary data on pre
dicting hepatobiliary disease in the premature infant,
transaminase values were also examined. While alanine
transaminase (ALT) has been considered a more specific
marker for liver dysfunction, aspartate transaminase
(AST) has recently been employed as part of a derived
AST/platelet ratio index, to predict liver pathology in
[22]
[23]
infants with intestinal failure and biliary atresia .
Most low birth weight infants, especially sicker ba
bies, are unavoidably exposed to multiple risk factors
associated with hepatobiliary dysfunction, including PN
and PRBC transfusions. This retrospective study was
conducted to determine if there was any preliminary
evidence suggesting that the volume of PRBC trans
fusions received was associated with the subsequent
development of PNALD in this population.

red blood cells received in order to develop parenteral
nutrition associated liver disease.
RESULTS
Parenteral nutritional associated liver disease (PNALD)
was noted in 21 (43%) infants based on db. Among
the 27 high transfusion infants, PNALD was present
in 17 (64%) based on elevated direct bilirubin which
was significantly greater than the low transfusion reci
pients. About 50% of the infants, who were transfused
101-125 mL packed red blood cells, developed PNALD
based on elevation of direct bilirubin. All infants who
were transfused more than 200 mL of packed red blood
cells developed PNALD. Similar results were seen when
using elevation of aspartate transaminase or alanine
transaminase to define PNALD.
CONCLUSION
In this retrospective, pilot study there was a statistically
significant correlation between the volume of PRBC
transfusions received by premature infants and the
development of PNALD.
Key words: Packed red blood cell transfusion; Neonatal
intensive care unit; Parenteral nutrition associated liver
disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The etiology of parenteral nutrition associated
liver disease (PNALD), a commonly encountered mor
bidity in the neonatal intensive care unit (NICU) remains
unknown. Potentially hepatotoxic packed red blood
cell (PRBC) transfusions are routinely administered
in this setting. Whether PRBC transfusions increase
the prevalence of PNALD is a clinical question that
has not been systematically investigated. This pilot
study demonstrated that in a cohort of NICU infants
who received greater volumes of PRBC, there was a
significantly higher prevalence of PNALD. Further in
vestigations to define the exact risk are warranted to
minimize NICU stays, costs, and future liver damage.
D’Souza A, Algotar A, Pan L, Schwarz SM, Treem WR,
Valencia G, Rabinowitz SS. Packed red blood cell transfusions
as a risk factor for parenteral nutrition associated liver disease
in premature infants. World J Clin Pediatr 2016; 5(4): 365-369
Available from: URL: http://www.wjgnet.com/2219-2808/full/
v5/i4/365.htm DOI: http://dx.doi.org/10.5409/wjcp.v5.i4.365

INTRODUCTION
Preterm infants are among the most highly transfused
patient populations, in part because of the presumption
that packed red blood cells (PRBC) improve oxygen
[1]
delivery . Approximately 38000 premature neonates
[2]
receive more than 300000 transfusions annually . PRBC
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MATERIALS AND METHODS
This retrospective chart analysis was performed as part
of a study of 49/51 premature infants maintained on PN
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Figure 1 The number of patients that reached peak direct bilirubin ≥ 2.0
(black bar) or direct bilirubin < 2.0 (grey bar). They are shown for both the
low transfusion (total PRBC volume < 75 mL) and the high transfusion (total
blood volume ≥ 75 mL) groups (high transfusion vs low transfusion P < 0.01).
db: Direct bilirubin.
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Figure 2 Kaplan-Meier plots tracking the onset of parenteral nutrition
associated liver disease by the direct bilirubin and aspartate transaminase
criteria as a function of total packed red blood cell transfused. PNALD:
Parenteral nutrition-associated liver disease; db: Direct bilirubin; AST: Aspartate
transaminase.

> 30 d, at the Children’s Hospital at Downstate, State
University New York, Downstate Medical Center. Two
patients, one with cystic fibrosis and one with Hirsch
sprung disease (disorders independently associated with
cholestasis), were excluded from analysis. In these 49
infants, we assessed the timing and volume of PRBC
transfusions, and PNALD was primarily defined as a db
[20,21]
level > 2.0 mg/dL
.
One of the authors, SMS performed all of the biome
dical statistics. Kaplan-Meier plots estimated the amount
of PRBC transfused to attain PNALD onset by this db
criterion. Similar analyses were performed for eleva
tion of AST and ALT as alternative markers of PNALD.
Proportional hazards regression analysis used age at
PNALD onset as the dependent variable, and cumulative
RBCs as the time dependent predictor of interest. Poten
tial confounders were cumulative days on TPN (timedependent) and birth weight. Odds ratios, hazard ratios
(HR) and confidence intervals (CI) are reported. This
study was approved by the Institutional Review Board of
SUNY Downstate Medical Center.

calculated odds ratio for developing PNALD, based on
being in the high verses low transfusion group, was 7.6
(95%CI: 2.01-29.1).
Kaplan-Meier plots provide another perspective on
the relationship between PRBC transfusions and PNALD
(Figure 2). With cumulative transfusion volumes of
126-150 mL, the prevalence of db > 2.0 mg/dL reached
50%. All infants who were transfused > 200 mL PRBC
demonstrated PNALD. Regression analysis showed
neither birth weight nor cumulative time on TPN were
significant predictors of these endpoints, when used as
linear covariates (data not shown). However, cumulative
PRBCs were a significant predictor of db ≥ 2.0 with an
estimated HR associated with each additional 15 mL/kg
transfused of 1.09 (95%CI: 1.00-1.19). After controlling
for birth weight and PN duration, PRBC volume trans
fused remained a predictor of reaching the primary
end point of db ≥ 2.0. The HR related to incremental
PRBC transfused volumes approached significance for
each 15 mL/kg (HR = 1.11, 95%CI: 1.00-1.23, P =
0.053). However, when the NEC cases were excluded,
the transfusion effect on db ≥ 2.0 became statistically
significant (P = 0.026).
Five of the 49 infants in our study developed NEC. Of
these five infants, three also had culture proven sepsis,
and two of these three exhibited PNALD. Of the two
infants with NEC but without sepsis, both demonstrated
PNALD. Overall, 11/17 study subjects with culture
proven sepsis demonstrated PNALD. Employing elevated
transaminases, AST and ALT, to define PNALD yielded
results similar to those based on db ≥ 2.0. PNALD was
seen in 67% of the cohort based on AST elevations and
in 41% based on ALT elevations. Of the 33 infants with
AST-defined PNALD, 70% were in the high transfusion
and 30% were in the low transfusion cohorts. Similarly,
among the cohort of 20 infants with PNALD defined
by elevated ALT, 75% were in the high transfusion and
25% were in the low transfusion groups. Similarly to db
PNALD, the odds ratio for developing PNALD based on
high vs low PRBC transfusion was 6.9 (95%Cl: 1.78-26.7)
if defined by AST, and was 4.2 (95%CI: 1.21-14.9) if

RESULTS
In this cohort of 49 NICU infants, 21 (43%) reached
the endpoint of PNALD, defined by a db > 2.0 mg/dL.
To analyze any potential role of PRBC transfusions
in the development of PNALD, the study population
was subdivided into high and low transfusion groups.
The subgroups were defined by the median volume
transfused in this study cohort, specifically transfusion
volumes of ≥ 75 mL (high) or < 75 mL (low). Employing
this cut off value, 27/49 (55%) infants were in the high
transfusion group and 22/49 (45%) were in the low
transfusion cohort.
Figure 1 shows the relationship between transfusion
volume and PNALD, as defined by a db > 2.0 mg/dL.
Among the 27 high transfusion infants, 17 (64%) de
veloped PNALD, while PNALD was seen in only 4/22
infants (18%) in the low transfusion group. Further,
among all infants who developed PNALD, 17/21 (81%)
received PRBC ≥ 75 mL while only 10/28 (36%)
received < 75 mL PRBC volumes (P < 0.001). The
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defined by ALT.

yield a series of well-defined PRBC transfusion recommen
dations and/or guidelines based on specific characteristics
in this vulnerable cohort.

DISCUSSION
Although potentially lifesaving, blood transfusions are
[7,8]
associated with risks in the NICU . Several studies have
attempted to better define indications for transfusion in
[24,25]
NICU babies
. Previous investigations have sought to
develop transfusion protocols, to achieve an acceptable
balance between the risks and the benefits of transfusing
[1,7,25]
preterm infants
. The PINT trial concluded that a
higher hemoglobin threshold for transfusions in the NICU
resulted in a greater number of transfusions without any
added benefit, when compared to a restricted hemoglobin
[26]
threshold . In the present review of 49 premature in
fants on TPN, transfusion of ≥ 75 mL PRBC represented
a significant risk factor for developing PNALD. If this
relationship is confirmed in larger studies, the potential
benefits of PRBC transfusions could be balanced with the
associated risk of developing liver disease.
The pathogenesis of hepatotoxicity secondary to
both PRBC transfusions and PN includes injury secondary
to the generation of hepatic reactive oxidative stress
[26-30]
(ROS)
. Since no effective mechanisms allow for
excretion of parenteral iron, repeated transfusions can
[27]
yield secondary Iron overload . The primary sites for
iron overload toxicity are those tissues where iron is
[28]
stored, with liver being the main target . One of the
most important recognized mechanisms of liver injury in
[29]
this setting is free radical mediated oxidative damage .
Preterm infants are especially vulnerable to this insult,
as a higher proportion of their iron remains unbound to
[30]
transferrin, leading to increased ROS . Malonylaldehyde
(MDA), a byproduct of hepatic ROS, has been employed
as a marker of oxidative stress. Elevations of this com
pound are associated with chronic transfusion states,
[31]
such as thalassemia and sickle cell disease . Emerging
evidence has also implicated oxidative damage as a factor
[32,33]
in PNALD
. Animal models of PNALD using weanling
[32]
[33]
rat and infant rabbit have correlated severity of liver
injury and hepatic MDA content with time on PN.
Several important limitations are associated with
this pilot study. This retrospective analysis involved a
relatively small number of representative NICU patients.
Additionally, the cohort was heterogeneous, as subjects
were included over a wide range of gestational ages.
Other potential comorbidities, previously identified as
PNALD risk factors, were unable to be controlled. If this
small study group were to be further subdivided, the
numbers would not provide meaningful data. Finally,
because this is a small cohort, the higher PRBC trans
fusions volumes associated with PNALD may actually be
secondary to coexisting conditions which are the true
primary risk factors for this condition.
In conclusion, our pilot study supports the hypothesis
that repeated PRBC transfusions increase the risk of
PNALD in NICU infants. This preliminary observation is
being presented to stimulate further studies employing
larger NICU databases. Access to this information could
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