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Johns Hopkins All Children's Hospital
Parenteral Nutrition for the Preterm Neonate

Clinical Pathway

Rationale:

Premature neonates, particularly those less than 30 weeks gestation, are born with minimal
nutrient stores and rapidly developing deficits of energy and protein. This contributes to lower
weight, length, and head circumference, which has long-term implications including impaired
neurodevelopment. Gastrointestinal (Gl) immaturity requires that full enteral nutrition be
established over time. Parenteral nutrition (PN) provides a means to improve nutrient intake
aiming to approach in-utero accumulation and is the established standard of care for neonates
in the initial period after birth. Careful management of macronutrients and micronutrients in PN
is essential to meet the unique needs of premature neonates to prevent metabolic
derangements, electrolyte disturbances, nutrient deficiencies, and cumulative growth deficits.

This clinical pathway was developed by a consensus group of Johns Hopkins All Children’s
Hospital (JHACH) physicians, dieticians, and pharmacists to standardize the management of
PN for preterm neonates.

Background / Published Data and Level of Evidence:

A. Indication for PN
PN is indicated for preterm neonates < 1,800 g to meet nutrient needs until adequate
enteral feeding is established. It is recommended to promptly provide PN if the neonate
is not expected to reach close to full enteral feedings within 3 days after birth.®

Central versus peripheral PN and osmolarity: the American Society for Parenteral and
Enteral Nutrition (ASPEN) recommends not exceeding 900 mOsm/L in peripheral PN
and at those recommendations are followed by JHACH. A 2021 study retrospectively
looked at 618 PN days in 200 patients, comparing peripheral PN < 1000 mOsm/L and
1000 — 1250 mOsm/L, did not demonstrate any increase in line related complications
with the higher osmolarity.3®

B. Phases of PN
The premature neonate undergoes a wide range of physiologic changes during the first
weeks of life that influence fluid and electrolyte requirements, nutritional needs including
energy, and macronutrients and micronutrients.

There are three phases of PN management — initiation, transition/advancement, and
growth.? During the first three days of life (DOL), the neonate undergoes contraction of
extracellular fluid to promote postnatal diuresis and weight loss. Early initiation of PN is



directed at preventing a catabolic state. A transition period follows during which the
neonate may have metabolic and physiologic instability and fluid management should
promote a weight loss of no more than 15 — 20% of birthweight (BW) with reasonable
electrolyte homeostasis.® Nutrients remain high as the neonate stabilizes and reaches
the growth period. During the transition phase, the skin matures, and renal function
improves. Once the neonate stabilizes, full nutritional needs should be met.

. Early provision of Amino Acids (Starter PN)

Early administration of amino acid (AA) and dextrose solution reverses the catabolic
process that begins immediately after the disruption of placental circulation. This practice
correlates to increased protein synthesis and positive nitrogen balance.* A meta-analysis
found that early provision of AA results in a lower maximum percent of BW lost
(approximately 3% less) and a shorter duration of time to regain BW (by 2 — 3 days).%
Use of Starter PN is generally well tolerated.®> Higher AA intake correlates with higher
blood urea nitrogen (BUN) levels. This is not a contraindication to administration of
parenteral AA in the setting of normal renal function.® Higher BUN likely reflects post-
natal fluid loss and inappropriate provision of parenteral calories.” There is no known
recommended upper tolerable limit for BUN as it relates to PN AA dosing.

The relationship between parenteral AA dose and metabolic acidosis in premature
neonates is not fully determined. Parenteral AA administered as TrophAmine® 10% are
neutral in vivo and do not contribute to acidosis. Metabolic acidosis is a common
abnormality early in the neonatal course and occurs independent of AA dose and is not,
by itself, a reason to limit parenteral AA.2 A study published by Bonsante et al in 2017
compared three groups of very premature neonates (< 30 weeks) in an observational
study.® The group with the highest nutritional intake (dextrose, AA, and lipids) had
significantly worsened metabolic acidosis in the first weeks of life (pH and base excess)
requiring increased buffers.® The authors did not speculate on why improved nutritional
intake contributed to acidosis and found less extrauterine growth restriction in those with
higher nutrient delivery in the first week of life.® They recommended further study to
prevent and treat acidosis in the very premature neonate.

. Energy (Calories)

Parenteral energy requirements are determined to account for both losses (resting
energy expenditure and metabolic demands) and growth requirements. Energy needs
rapidly increase in the first week of life as the neonate reaches the growth phase.
Insufficient calorie intake may support energy expenditures but not reach the level
required for normal growth. This may lead to cumulative deficits. Most premature
neonates need at least 110 — 130 kcal/kg/day for growth. A minimum of 30 — 40 kcal per
1 g AA is recommended to guarantee AA utilization. Optimal glucose and lipid intakes
that maximize protein accretion and growth in preterm neonates have not been
determined at various parenteral AA intakes.** Recommendations of proportions of non-
protein caloric sources are 60 — 75% from carbohydrates and 25 — 40% from fat.4!




E. Macronutrients

a. Glucose is the major fuel source for premature neonates with needs for
homeostasis and growth up to twice that of term newborns. Extremely low birth
weight (ELBW) and very low birth weight (VLBW) neonates are at risk for
hypoglycemia (glucose less than 45 mg/dL) if sufficient glucose infusion is not
provided.'° Due to minimal lean and fat tissue stores, alternate substrates for
energy metabolism (ketones and lactate) are not present. Lower hepatic
glycogen stores and impaired gluconeogenesis limit endogenous glucose
production.t?

ELBW neonates are also at risk for hyperglycemia (defined as glucose > 145
mg/dL per the European Society for Pediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN)). The more traditional cutoff has been 180 mg/dL, but
newer evidence suggests lower targets should be the goal due to increased
morbidity and mortality in neonates with glucose higher than 145 mg/dL.13
Reduced insulin response to elevated blood glucose levels, likely partial insulin
resistance, and a lack of negative feedback on hepatic glucose production during
PN dextrose infusion make the preterm neonate particularly susceptible.!!
Historically, a minimum glucose infusion rate (GIR) of 4 mg/kg/min was
recommended to meet minimum glucose utilization needs to sustain the brain’s
metabolic needs. Newer evidence has demonstrated that cerebrospinal fluid
(CSF) glucose is highly linear with serum glucose levels, suggesting that lower
GIR may be indicated in some circumstances, with the recommendation of
increasing or decreasing GIR to maintain euglycemia, rather than focusing on
fixed GIR goals.35051 GIR is increased incrementally (2 mg/kg/min per day as
tolerated based on serum glucose) until a goal of 8 — 12 mg/kg/min is achieved.*?
GIR greater than 12 mg/kg/min exceeds the maximum glucose oxidation point
leading to fat synthesis and increased CO; production. With high-carbohydrate
PN administration, excess acetyl coenzyme A (CoA) generated from glucose
oxidation provides a substrate for fat synthesis within the liver or hepatic de novo
lipogenesis increasing the risk of PN-associated cholestasis (PNAC).3°

Excessive GIR also exacerbates glucose intolerance. Treatment with insulin may
be warranted if euglycemia cannot be achieved by minimizing GIR. It is important
to remember that insulin response is unpredictable in preterm neonates due to
peripheral insulin resistance.4°

b. AA (Protein) — A minimum of 2 g/kg/day is required to prevent negative nitrogen
balance but this dose is insufficient for protein synthesis.'# Doses as high as 3
g/kg/day on DOL 1 are considered safe.>'®> Doses exceeding 3.5 g/kg/day for
neonates on exclusive PN are not shown to be beneficial or indicated. Increased
first-week protein and energy intakes are associated with higher Mental
Development Index scores and a lower likelihood of length growth restrictions at
18 months. New concerns regarding protein above 3.5 g/kg/day resulting in



worse neurodevelopmental outcomes has prompted ASPEN and ESPGHAN to
strongly recommend not exceeding 3.5 g/kg/day in PN.1.16:41

The essential AA in PN include isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan, and valine. Other AA may be conditionally
essential due to the premature neonate’s limited ability to synthesize them. They
include cysteine, glutamine, glycine, histidine, taurine, and tyrosine.

Cysteine is a conditionally essential AA in preterm neonates due to

the biochemical immaturity of the enzyme cystathionase, which converts
methionine to cysteine and ultimately to taurine. Typically, it is added to PN at a
dose of 40 mg/g of AA. Adding L-cysteine as the hydrochloride (HCI) salt to

the PN solution acidifies the solution, which improves calcium and phosphorus
solubility.

Lipids — Intralipid® are a vital source of essential fatty acids for central nervous
system development. Additionally, they are a concentrated source of energy
needed for protein synthesis.?® Provision of 2 g/kg initiated at birth is associated
with improved nitrogen balance.”2% 21

Hyperlipidemia may contribute to hyperglycemia due to an increase in free fatty
acids which may decrease peripheral glucose utilization and/or inhibit the effect
of insulin to suppress hepatic glucose production.*®25> Conversely,
hypertriglyceridemia may occur because of lipogenesis due to excessive glucose
intake. Premature neonates are also at risk for hypertriglyceridemia due to
immature lipoprotein lipase.'®?* In children, lipoprotein lipase is considered
saturated when triglycerides (TG) exceed 400 mg/dL. A lower cut-off is
recommended for preterm neonates based on the presumption that lipoprotein
lipase is deficient.?® Therefore, the upper limits for a TG level in premature
neonates are unknown. Balancing energy needs with potential concerns of
prolonged hyperglycemia, JHACH recommends stopping advancing intravenous
(IV) lipids if the TG level is > 250 mg/dL and temporarily decreasing/stopping it if
> 300 — 350 mg/dL. To prevent essential fatty acid deficiency (EFAD) a minimum
linoleic acid intake of 0.25 g/kg/day is required (1.35 g SMOFlipid® per kg/day or
0.5 g Intralipid® per kg/day).22:26

Intralipid® consists of 100% soybean oil. A composite IV lipid emulsion,
SMOFlIipid®, has a more favorable fatty acid composition with 30% soybean oll,
30% medium-chain triglyceride, 25% olive oil, and 15% fish oil. SMOFlipid®’s
profile is desirable due to the presence of omega-3 fatty acids, which have anti-
inflammatory properties as well as docosahexaenoic acid (DHA), and
eicosapentaenoic acid (EPA), long-chain polyunsaturated fatty acids that
promote retinal and brain development, fewer phytosterols, and more a-
tocopherol than Intralipid®.2*



Premature neonates have a high risk of developing PNAC, due in part to
extended use of long-term PN. Intralipid® contributes due to several factors such
as high linoleic acid, which converts to arachidonic acid (AA), a precursor to pro-
inflammatory agents. Additionally, Intralipid® contains a high amount of
phytosterols, that cannot be metabolized by humans and accumulate in the liver
and bile. Phytosterols reduce bile excretion by acting on the nuclear farnesoid X
receptor and inhibiting the bile salt export pump, leading to intrahepatic bile
accumulation.?®

Oxidation of polyunsaturated fatty acids (PUFAS) results in oxygen free radical
formation, which can bind to deoxyribonucleic acid (DNA) and proteins causing
cellular damage and death. a-tocopherol can scavenge free radicals from
peroxidized lipids to prevent the propagation of oxidative lipid damage.*® To
minimize lipid peroxidation, parenteral lipids should ideally be light-protected,
including bags, bottles, and tubing.

Studies comparing Intralipid® to SMOFIlipid® in premature neonates do not
indicate a reduced risk for developing PNAC and as a result, currently, it is not
recommended to use one specifically to decrease the risk.!

Omegaven® is a 10% pure fish oil, Food and Drug Administration (FDA)-
approved lipid emulsion for PNAC. It contains high amounts of omega-3 fatty
acids, EPA, and DHA, but fewer omega-6 fatty acids than Intralipid® and
SMOFlIipid®, hence less pro-inflammatory and more anti-inflammatory fatty acids.
Concerns that 1 g/kg/day, the FDA-approved daily dosing, can cause EFAD
seem to be unfounded. This is despite low omega-6 fatty acids as neonates on
fish oil monotherapy have stable triene to tetraene ratios (~ 0.02) and no
biochemical or clinical evidence of EFAD even with long term therapy.*

F. Electrolytes
Sodium (Na) and potassium (K) supplementation is not generally required in the first 24
to 48 hours after birth as neonates are normally born with excessive extracellular fluid
(ECF) and diuresis that occurs in the first DOL.

Newer evidence indicates that K supplementation is well tolerated earlier than previously
thought when given in conjunction with early provision of AA shortly after birth. This is
important, as K acetate or K phosphate can correct other metabolic disturbances such
as metabolic acidosis or hypophosphatemia.

a. Sodium (Na) - It is recommended that serum Na is monitored daily in the first
week of life with supplementation of 2 — 4 mEqg/kg starting once the neonate has
lost at least 6% of BW and Na levels are dropping. Limiting Na intake and
avoiding excessive fluid intake early in the neonatal course is important to lower
the risk for bronchopulmonary dysplasia (BPD). Hypernatremia (serum Na > 150
mEg/L) and loss of > 15 — 20% of BW (up to 20% expected with the lowest



gestational age (GA) due to higher total body water content) is associated with
increased risk for intraventricular hemorrhage (IVH). This is more commonly
caused by dehydration and not excessive exogenous Na sources. Concern for
hypernatremia often limits the provision of Na during the transition period
increasing the risk for Na depletion and hyponatremia and subsequently
correlates to reduced growth outcomes. Target Na levels should be between 135
and 145 mEqg/L long term, balancing fluid needs and risk of both hyponatremia
and hypernatremia. A level less than 130 mEQg/L is consistent with hyponatremia
and Na depletion should be considered. However, serum levels are influenced by
acute high Na intake, diuretic administration, or water overload. When assessing
Na balance, it is important to consider all components: fluid intake, weight, urine
output, humidity, and Na intake (from PN and other sources such as other
intravenous fluids (IVF), IV flushes, and saline-containing boluses). After the first
week of life, higher Na intake is associated with improved growth and mental
development.?”

b. Potassium (K) is the principal intracellular cation. VLBW neonates are at risk for
hyperkalemia due to low renal excretion. This is a result of decreased expression
and decreased function of Na-K-ATPase pump, decreased responsiveness to
aldosterone, and lower glomerular filtration rate (GFR). The early provision of
higher AA intake immediately after birth is effective to modify K metabolism, by
reducing non-oliguric hyperkalemia and urinary K loss by protecting intracellular
K. This suggests that K intake as early as DOL 1 is safe and well tolerated
particularly if serum K is less than 5 mg/dL (on a venous or arterial sample) and
urine output is greater than 1 mL/kg/hour. K dose of 2 — 3 mEqg/kg/day is the
average recommended dose to maintain serum values. Adding K early is
essential to decrease the risk of refeeding syndrome, especially for intrauterine
growth restriction (IUGR)/small for gestational age (SGA) neonates.*®

c. Acetate is metabolized in the liver to produce bicarbonate on a 1:1 molar ratio.
Metabolic acidosis commonly occurs in premature neonates because of
decreased renal reabsorption of bicarbonate. Also, PN solution, which contains
AA especially with the addition of cysteine hydrochloride, is acidic. The addition
of acetate in the first few days is preferable to chloride (1 to 2 mEqg/kg per day) as
either a Na or K salt as it will correct and prevent the acidosis. Acid base balance
may also be affected by chloride sources outside of PN such as saline flushes.
Hyperchloremia can exacerbate acidosis.

d. ASPEN/ESPHGAN does not recommend Standard PN (excludes early PN) for
premature neonates'¢

G. Calcium, Phosphorus and Magnesium
a. Calcium (Ca) - Premature neonates have inadequate Ca reserves. A majority of
Ca is accumulated in the last trimester of pregnancy, which results in a Ca




accretion rate of 90 to 150 mg/kg per day with a peak of 150 mg/kg per day at 36
to 38 weeks gestation.

After preterm birth, it is difficult to achieve the intrauterine Ca accretion rate with
either parenteral or enteral supplementation. The amount of Ca that can be
added to PN solutions is very limited and retention rates of Ca rarely exceed 60
mg/kg per day, which affects the bone mineral content of growing preterm

neonates.*® Shortly after birth, serum Ca acutely declines because of reduced Ca

intake, possible impaired response to parathyroid hormone, increased calcitonin
levels, and increased urinary loss.

Phosphorus (P) - In premature neonates, serum P may be elevated after delivery
due to decreased cellular uptake as well as decreased GFR resulting in a
reduced P excretion. However, as GFR improves and the neonate enters an
anabolic state, cellular P uptake increases. Hypophosphatemia (serum P < 5
mg/dL) in IUGR/SGA neonates and neonates born to mothers with preeclampsia
(secondary to placental insufficiency) who receive early optimized protein
nutrition support is common, and therefore early P addition is required as early
as DOL 1 to decrease the risk of refeeding syndrome.2%30:45 Without adequate P,
hypophosphatemia results in impaired bone deposition.

Bone mineral deficits - Premature neonates are prone to bone mineral deficits as
the majority of mineral deposition occurs in the third trimester of pregnancy.
Parenteral Ca and P, even when optimized, will not meet this need. It cannot
meet intrauterine accretion rates due to limited solubility in PN. Neonates with
prolonged PN are at high risk for bone mineral deficits, osteopenia of prematurity,
rickets, and fractures. Bone under mineralization may affect chest wall stability
leading to atelectasis and an increased risk of chronic lung disease (CLD). With
conventional radiologic methods, decreases in bone mineral content are not
detected until there is a 30% to 40% loss of bone mineral.*’

The ideal Ca to P ratio to promote optimal mineral retention is 2 - 3 mEg Cato 1
mmol P (1-1.5:1 molar ratio)*® with ratios of less, possibly disrupting mineral
homeostasis. A molar Ca:P ratio below 1 (1.6 — 2 mEq Ca: 1 mmol P) can be
indicated to reduce the incidence of early postnatal hypercalcemia and
hypophosphatemia in the first 2 — 3 DOL, in at risk neonates. After the first DOL
Ca:P ratios should be 2.6 — 3 mEg Ca: 1 mmol P.4546

Magnesium (Mg) - Hypermagnesemia may occur in premature neonates whose
mothers received Mg therapy. However, once serum Mg normalizes, Mg
supplementation is required.



H. Contaminants in PN
a. Chromium (Cr), Manganese (Mn) and minute amounts of copper (Cu) and
selenium (Se) are present in PN among other trace elements as contaminants.
(See section | for details)

b. Aluminum - In contrast to minerals that have been found to have a role in an
enzymatic metalloproteins, only aluminum has not been found to have any
biological role. When normal physical barriers are bypassed, aluminum has been
associated with toxicity, both neurological and to bone health. Aluminum is
present in all ingredients of PN as well as some other IV solutions with additives,
with the highest levels being found in calcium gluconate, inorganic phosphates
(substantially higher in K phosphate than Na phosphate), and cysteine
hydrochloride.

Aluminum accumulates in bone and ~ 45% of total body aluminum found is
deposited in bone. Bishop et al performed a randomized study of 182 preterm
neonates. They compared neonates randomly assigned to receive standard PN
or aluminum depleted PN. At 18 months post-conceptual age (PCA), a subgroup
of the patients had the Bayley Scales of Infant Development Mental
Developmental Index performed. The study revealed a loss of 1 index point for
each day patients received the standard aluminum-containing PN.*¢ A follow up
study at 13 — 15 years of age of the same patients showed decreased bone
density and higher fracture rate in patients that received standard PN compared
to aluminum depleted PN.#°

The FDA requires warnings stating that in patients with impaired renal function,
which is common in preterm neonates, infusion of solutions with more than 5
Mg/kg per day of aluminum may result in central nervous system and bone
toxicity. When aluminum has been measured in studies, the solutions have lower
aluminum concentrations than the components’ labels projected, but none of the
compounded neonatal or pediatric PN have an aluminum concentration below
the FDA recommended 5 ug/kg per day.

Neonates on long term PN have been shown to have up to 8-fold aluminum
concentrations compared to those who do not require long term PN. The greatest
risk of aluminum exposure occurs in IV preparations for micronutrients.
Aluminum exposure via PN has been shown to have long-term effects in preterm
neonates. Every effort should be made to minimize the aluminum content,
although with the currently available products, the concentration will still be
above the recommended amount.2¢ Thus avoiding prolonged PN if possible and
advancement of enteral feedings is critical to minimize accumulated aluminum
exposure. It is recommended to optimize PN despite aluminum content, with goal
of exposing neonates to PN for the shortest amount of time while providing
adequate nutritional care.
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Vitamins and Trace Elements

a. Vitamins are a group of substances that the body cannot produce, that are

needed for normal cell function, growth, and development. Multivitamins are
added to PN solutions. At JHACH, Infuvite Pediatric is used. With the amount
added to PN, neonates will not receive recommended minimal daily dose of
vitamin A or D until they are > 2.5 kg and may receive excessive amounts of
some of the water-soluble vitamins.

Zinc (Zn) is a cofactor for over 300 metalloenzymes and is essential for growth,
cell differentiation, and metabolism of macronutrients. Zn is important for Gl
development, immune function, and growth. Accumulation of Zn stores occurs
primarily during the last trimester of pregnancy therefore premature neonates are
at high risk for deficiency if intake is inadequate. This is compounded by
increased Gl tract and urinary losses. Zn deficiency manifests after 3 months
with symptoms including poor growth, periorificial dermatitis, glossitis, and
increased risk for infections. Neonates with Gl surgeries and high GI output have
higher Zn needs.

Cu is a cofactor for metalloenzymes including superoxide dismutase which
function as free radical scavengers and play an important role in preventing
oxidative stress. Cu is transported by ceruloplasmin, a protein that is also needed
for iron (Fe) release from hepatic stores to bind to transferrin. Neonatal stores
accumulate during the third trimester of pregnancy therefore premature neonates
have low reserves. Cu needs are higher in premature neonates compared to
term and deficiency is described in those with insufficient intake. Parenteral Cu is
excreted in bile therefore in premature neonates with PNAC the historical
practice was to decrease the dose of Cu in PN solutions. Thus, placing the
neonate at risk for deficiency.

Cu status is assessed by measuring Cu and ceruloplasmin levels. Ceruloplasmin
is an acute phase reactant and therefore levels may measure high during the
inflammatory states. Deficiency manifests as hypochromic anemia,
pancytopenia, poor wound healing, neutropenia, osteopenia, and fractures.

Se a cofactor for the selenoenzymes which include glutathione peroxidase which
acts as an antioxidant and scavenges free radicals to help protect against
oxidative stress. Complications of prematurity including BPD, retinopathy of
prematurity (ROP), IVH, and necrotizing enterocolitis (NEC) result due to free
radical damage. Se is also important in the function of thyroid hormones. Similar
to other nutrients, Se accretion occurs during the last trimester of pregnancy,
therefore premature neonates are born with insufficient stores. It is
recommended that all neonates have Se added to PN.
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e. Cr functions as a potentiator of insulin, specifically for glucose tolerance factor.
Cr is a contaminant of PN solutions and therefore short term PN does not require
additional CR. However, those who will be PN dependent for more than a month
may require the addition. Neonates with renal failure should have Cr held from
PN due to reliance on urinary excretion.

f.  Mnis a cofactor for multiple enzymes. It is found to accumulate in body tissues
including the liver and brain. Mn is a contaminant in PN and there is growing
concern of toxicity when additional Mn is added.

g. Fe - The body requires Fe for the synthesis of oxygen transport proteins (e.g.,
hemoglobin and myoglobin) and for the formation of heme and other iron-
containing enzymes involved in electron transfer and oxidation-reductions.3’ Due
to concerns of Fe overload, radical formation, and possible increased risk of
sepsis with parenteral Fe supplementation, it is not recommended to add Fe for
neonates requiring short term PN. The decision to add IV Fe to neonates on PN
can be made on individual basis after 4 weeks of PN.

The current recommended doses of trace elements in PN are noted as follows:

BW Zn Se Cu Mn Cr
400 2 20

S2.5k9 | cgikgiday | megikgiday | meglkg/day ° °
250 2 10

> 2.5 kg mcg/kg/day | mcg/kg/day | mcg/kg/day 0 °

Carnitine
Carnitine facilitates the transport of long-chain fatty acids across the mitochondrial

membrane, and thus makes them available for beta-oxidation. Premature neonates have
limited stores of carnitine and synthesis is limited. Studies done by Eberhard Schmidt-
Sommerfeld et al and Bonner et al demonstrated that premature neonates requiring total
PN develop carnitine deficiency with impaired fatty oxidation and ketogenesis and
supplementation improves this metabolic disturbance.3!:32

Carnitine is routinely added to PN at 15 mg/kg/day in VLBW neonates with a weight <
1,500 grams. For neonates > 1,500 grams with prolonged periods without enteral
nutrition, carnitine may be added, although the exact time at which carnitine is needed is
not well defined. The practice at JHACH is to add carnitine in neonates > 1,500 grams
after 2 weeks of PN and continued minimal enteral feedings.

Discontinuation of PN

PN should be continued until adequate nutritional intake from enteral feeding is
tolerated, ideally until ~ 75% of nutritional requirement (120 mL/kg/day in preterm
neonates) is reached.®® The weaning of PN as enteral feeds advance is a critical window
during which deficits in nutritional intake may occur particularly when subjects reach 1/3

12



enteral feeds until full enteral feeds.3* This research supports a standardized approach
to weaning PN to prevent nutritional deficits.

TPN Clinical Management/Pathway:

FLUIDS
: 1st24 | Advance
Weight Goal Comments
Hours By
<750 g 100 ¢ Fluid intake during the initiation and advancement phase
mL/kg/day must promote postnatal diuresis
80 Increase e Premature neonates may lose up to 15 — 20% of BW with
750 — 1,000 1
9 | mUkg/day by 20 mL/ksg(/) day the goal to regain to BW by DOL 10 — 14
60 mL/kg/day ¢ Neonates with an open patent ductus arteriosus (PDA)
>1,000 g mL/kg/day may be fluid restricted during the growth phase to reduce
risk for CLD
MACRONUTRIENTS
*if utilizing starter PN, skip 1° custom PN column and move to advance by column**
1st
Advance
Starter PN Custom Goal Comments
By
PN
ELBW: 105 - May need up to 160
Ener 40 - 50 115 kcal/kg/day kcal/kg/day but
9y kcal/kg/day VLBW: 90 — should not exceed
100 kcal/kg/day that
ELBW: sp?cizltigrlét?:\i?;’r:ges
e Min: 50 mL/kg/day 3.5 g/k.g/day (discuss with
(2 g/kg/day) VLBW: Dietician); Add
Protein « Max: 88 mL/kg/day 3 g/kg/day 0.5 g/kg/day il.sv\%lg%day cysteine 40 mg/g
(3.5 g/kg/day) N NBN): AA, MUST be exact
3 u;ie/?; ( )- for appropriate Ca-P
gikgiday solubility graph
o ELBW:
. e ELBW: 1 g/kg/day 1 g/kg/day 1-2
L k
193 o VLBW: 2 g/kg/day e VLBW: g/kg/day 3 glkglday
2 g/kg/day
e Min: 50 mL/kg/day G;;d\[;an](_:i 5 Recommend max
(GIR: 3 mg/kg/min) GIR4-6 y . GIR8-10 GIR 12 mg/kg/min
Dextrose . mg/kg/min . .
e Max: 88 mL/kg/day mg/kg/min for glucase mg/kg/min unless strong clinical
(GIR: 6.2 mg/kg/min) < 150 mg/dL indication
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ELECTROLYTES

1St
Starter PN Custom Ad\llgance Goal Comments
y
PN
1-2 2_4 e Adding K early is
K As needed mEg/kg/day | mEg/kg/day essential to decrease
5_3 risk of refeeding
. syndrome, especially
mEdkgiday for IUGR/SGA infants
Na hours of life 4-6 . Avoid addition of.Na in the
then advance mEqg/kg/day fII‘.St. 48 hqur; of life unless
clinically indicated
by 1 -2 (preferably Na phosphate
mEg/kg/day
- or acetate)
Chloride As needed « Consider adding K as
acetate in the absence of
Acetate As needed significant renal
dysfunction
MINERALS
st
Starter PN ! CFL,JNStom Advance By Goal Comments
¢ 2—3mEq Ca: 1 mmol P
(1-15mEq: 1 molar
e Min: 50 mL/kg/day ratio)
Ca (0.8 mEg/kg/day) Maximize Maximize Ca: 32-7 e Decreases in bone
e Max: 88 mL/kg/day CaP P mEqg/kg/day mineral content are not
(1.3 mEg/kg/day) detected until there is a
30% to 40% loss of bone
mineral
seri?nsfgvgln u Premature infants are at
0-1 eveLub | 1 6-26 risk for
P to a daily dose .
mmol/kg/day of 13— 2 mmol/kg/day | hypophosphatemiaif no
| Pin early PN
mmol/kg/day
0.3
mg/kg/day if
Mg not receive to a daily dose 0.2-0.5
Mg and of 0.3-0.5 mg/kg/day
neonate’s : :
Mg level is mg/kg/day
not normal
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Adjusting Lipids for TG > 200 mg/dL

Serur(‘r;ngzll__)evels Lipid Adjustments
200 — 249 Continue lipids and do not advance that evening
250 — 299 Decrease lipids by 0.5 — 1 g/kg/day that evening
e Hold lipids and decrease by 50% that evening
300 — 350 o Maintain lipids at 0.5 — 1 g/kg/day to prevent EFAD
e Decrease GIR if > 10 mg/kg/min
> 350 e Hold lipids; no lipids that evening
e Decrease GIR if > 10 mg/kg/min
If lipid dose is being lowered due to abnormal TG, this should be done during morning rounds and does not need to
wait until the new bag is delivered. Recheck TG 24 — 48 hours after adjustments to PN. If TG has decreased,
recheck TG levels in 24 hours.

Adjusting Trace Elements

Vitamins/Trace Elements/Carnitine

Weight Vitamins Zn Se Cu
<15k 400 mcg/kg/da
2 2 mL{kg/day 9oy 2 mcg/kg/day 20 mcg/kg/day
1.5t0 <5Kkg (max: 5 mL) 250 mcg/kg/day

Liver dysfunction (direct bilirubin > 2 mg/dL)

e Increase Zn mcg/kg/day by 200 mcg/kg/day

e Assess Cu status in PN and if elevated, decrease Cu to 10 mcg/kg/day
Renal dysfunction (creatinine > 1 mg/dL)

e Omit Se (if not on dialysis)

e Can add Zn 400 mcg/kg/day and Cu 20 mcg/kg/day

Carnitine ‘ If weight > 1.5 kg and no enteral nutrition > 14 days, add 15 mg/kg/day
Monitoring
Lab Initiation Advancement Stable
Glucose At initiation Daily Daily
ELBW/VLBW: daily
s until stable
Electrolytes At initiation > 15 kg: 2 times a Weekly
week
Liver function tests
(LFTs), direct At initiation Weekly Weekly while on PN
bilirubin
Ca, P, Mg At initiation 24 — 48 hours Weekly while at goal or weaning

Weekly while at goal; if PN adjustment due to

TG 1- 2 d .ay.s 2 — 3 times a week increased TG, recheck no later than 48 hours after
after initiation
dose change
Trace elements Not indicated Not indicated Zn, Cu, ceruloplasmin, Mn, Se and Cr levels after
30 days of PN dependence
Vitamin levels Not indicated Not indicated After 30 days of PN dependence
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Summary:

PN is a critical component of care for premature and critically ill term neonates. Despite best
effort and optimization components, PN is not able to provide optimal nutrition for neonates and
should be used for the shortest time possible.
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Outcome Measures:

1. Time to regain BW
a. To evaluate the number of days it takes for an infant to regain their BW when PN is
used as a nutritional intervention. This will assess the effectiveness of PN in
promoting weight recovery and overall growth in neonates with feeding difficulties or
medical conditions requiring parenteral nutrition.
b. Primary endpoint:
i. Time (in days) to reach BW following the initiation of PN
c. Secondary endpoints:
i. Time to start oral/enteral feeding
ii. Incidence of PN-related complications
iii. Rate of weight gain per day during PN use
d. Outcome classification:
i. Short regain time: < 14 days to regain BW
ii. Moderate regain time: 15 — 21 days to regain BW
iii. Delayed regain time: > 21 days to regain BW
2. Time to goal lipids
a. To assess the time required for a patient to reach the goal lipid dose while receiving
PN. This outcome measure is particularly important in the management of neonates,
premature infants, or patients with feeding difficulties who require PN to ensure
adequate energy and essential fatty acid intake.
b. Primary endpoint:
i. Time (in days) to reach the goal lipid dose for each patient
c. Secondary endpoints:
i. Incidence of hypertriglyceridemia (e.g., triglycerides > 250 mg/dL)
ii. Frequency of lipid dose adjustments (e.g., how often the infusion rate is
altered)
iii. Growth progress and weight gain during the PN regimen
iv. Liver function changes or complications during the lipid infusion
d. Outcome Classification:
i. Rapid: Goal lipid dose reached in < 3 days
ii. Moderate: Goal lipid dose reached within 3 — 5 days
iii. Delayed: Goal lipid dose reached after > 5 days
3. Time to goal protein
a. To evaluate the time, it takes for a patient to reach the target protein levels (goal
protein dose) while receiving PN. This measure is critical for ensuring that patients,
particularly neonates, preterm infants, or patients with gastrointestinal or metabolic
issues, receive the necessary amount of protein to support growth, development,
and recovery.
b. Primary endpoint:
i. Time (in days) to reach the goal protein dose (measured in g/kg/day) for each
patient
c. Secondary endpoints:
i. Incidence of hyperammonemia or other protein-related complications
ii. Frequency of protein dose adjustments during PN administration
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d.

iii. Growth progress and weight gain during the period of receiving goal protein
levels
Outcome classification:
i. Rapid: Goal protein dose reached in < 3 days
ii. Moderate: Goal protein dose reached within 3 — 5 days
iii. Delayed: Goal protein dose reached after > 5 days

4. Time to goal GIR

a.

To assess the time, it takes for a patient receiving TPN to reach the target GIR,
which is an essential parameter for managing glucose metabolism and energy
provision, particularly in neonates, preterm infants, or patients with metabolic
challenges. The goal is to ensure appropriate glucose provision while avoiding
hyperglycemia or hypoglycemia.
Primary endpoint:
i. Time (in days) to reach the goal GIR (measured in mg/kg/min)
Secondary endpoints:
i. Incidence of hyperglycemia (e.g., blood glucose > 180 mg/dL)
ii. Frequency of GIR adjustments (e.g., how often the infusion rate is altered)
iii. Blood glucose variability during PN administration
iv. Growth progress and weight gain during the period of receiving goal GIR
levels
Outcome Classification:
i. Rapid: Goal GIR dose reached in < 3 days
ii. Moderate: Goal GIR dose reached within 3 — 5 days
iii. Delayed: Goal GIR dose reached after > 5 days

5. Time to goal calories

a.

To assess the time required for a patient to reach the target caloric intake (goal
calories) while receiving PN. This outcome measure is particularly important for
patients who require PN support, such as neonates, preterm infants, or those with
gastrointestinal or metabolic conditions, to ensure that they receive adequate caloric
provision for growth, development, and recovery.
Primary endpoint:
i. Time (in days) to reach the goal caloric intake (measured in kcal/kg/day) for
each patient
Secondary endpoints:
i. Incidence of hyperglycemia or hypoglycemia during the caloric titration
process
ii. Frequency of caloric adjustments and the reason for adjustments
iii. Weight gain during PN administration and comparison to age-appropriate
growth standards.
iv. Changes in clinical markers, including liver function and electrolytes
Outcome Classification:
i. Rapid: Goal calories dose reached in < 3 days
ii. Moderate: Goal calories dose reached within 3 — 5 days
iii. Delayed: Goal calories dose reached after > 5 days
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