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Abstract
Background
Neonatal Intensive Care (NICU) patients have individual nutritional requirements often
requiring Patient Specific Parenteral Nutrition (PSPN). From October 2015, the national
PSPN compounding service availability changed from 7 days per week service to 5
days per week (i.e. no weekend and limited bank holiday ordering available). The aim of
this study was to examine the introduction of a 5 day only PSPN supply on neonatal
patient parenteral nutrition availability in a tertiary NICU.
Methods
We performed a prospective assessment of the provision of a 5 day rather than 7 day
ordering of PSPN over a one month period (June 2017).
Results
Fifteen neonatal patients received a cumulative 89 days of PN during June 2017. 10
(66%) patients received PSPN during this time period. There was same day availability
of PSPN in 62 of 89 days of PN (69%).
Conclusion
Thorough education and training will help prescribers to make appropriate PSPN
ordering decisions. Improvements to available stock bags may reduce the amount of
PSPN that is required but a 7 day PSPN ordering service would improve efficient
provision of clinically indicated PSPN to premature infants in NICU in Ireland.
Introduction
Major advancements have been made in provision of neonatal care and neonatal
outcomes in recent years, most especially a significant increase in survival without major
neonatal morbidity for infants born between 25 and 28 weeks gestation 1,2. The ability to
provide adequate nutrition during the vulnerable early postnatal period has been pivotal
in achieving such improved outcomes3, 4. A study by Ehrenkranz et alfound that
‘Compared with more critically ill infants, less critically ill infants received significantly
more total nutritional support during each of the first three weeks of life, had significantly
faster growth velocities, less moderate to severe bronchopulmonary dysplasia, less lateonset sepsis, less death and shorter hospital stays’5. The developing brains of premature
infants are exquisitely sensitive to then nutritional milieu to which they are exposed. Very

and extremely low birth weight infants are at high risk of malnutrition and postnatal growth
restriction which can lead to inadequate brain development and poor neurodevelopmental
outcomes in later life5-7. A 2017 study assessing adults who were born very preterm or
with very low birth weight identified PN as one significant modifiable factor which was
‘strongly related to adult IQ’8. Therefore, optimizing the nutrition provided to neonates who
cannot achieve their full nutritional requirements enterally, due to gastrointestinal
immaturity or malfunction, is central to enhancing their long term neurodevelopmental
potential9.
In the Rotunda Hospital, the general indications for prescribing and ordering PN are as
follows; infants born <1,500g and <32 weeks gestation, infants receiving nil or minimal
enteral feeding for 2-3 days and infants advancing enteral feeds by <30ml/kg/day (both
PSPN and Stock PN are available in the Appendices). PSPN is often required because
of electrolyte imbalance e.g. hyponatraemia requiring increased sodium, glucose
imbalance e.g. hyperglycaemia required reduced glucose infusion rate, non-standard
macronutrient requirement e.g. increased amino acids requirements for extremely low
birth weight infants, trace element requirement and for the provision of acetate e.g. to
help correct metabolic acidosis.
Very premature and low birth weight infants can be very clinically unstable at times with
widely fluctuating fluid and electrolyte requirements that are subject to significant
individual variation and so are difficult to predict. Therefore, it should be determined daily
if PN is required to provide ideal macronutrients, micronutrients, electrolytes and trace
elements in order to meet the individual requirements of premature babies in particular10.
In October 2015, daily, 7-day per week, ordering of PSPN based on 24-hourly blood
results and fluid balances was reduced to a 5-day per week PN compounding service
(with no weekend or bank holiday ordering service). Where PSPN was required, it was
pre-ordered for weekend and holiday days during the working week, using estimated
potential infant requirements. Where infants are delivered at the weekend or on bank or
public holidays, stock standard bags of PN were used to try to meet patient requirements.
Stock PN has the advantage of being pre-prepared and once indicated can be
immediately administered to ensure nutrient delivery is not delayed. However stock PN
may not meet the amino acid, glucose, electrolyte or micronutrient requirements of the
low birth weight infant and thus it is generally used on a short term basis. A retrospective
audit of the first 14 months of the initial phase of this service, during which 815 PSPN
bags were ordered, identified issues with delays or availability of ordered PSPN in 15
cases. As these results could have been influenced by a staff learning curve during the
introduction of new 5-day prescribing practices, a prospective study was designed. This
study aimed to prospectively examine the direct impact on PSPN availability and clinical
service of a 5-day PSPN ordering service.
Methods
We performed a prospective assessment of PN availability and requirements for
modification of fluid, nutritional and electrolytes arising from pre-ordering PSPN and the
provision of a 5 rather than 7-day ordering of PSPN to the neonatal unit over the month
of June 2017. This was a prospective assessment of PSPN supply to the Rotunda

Hospital neonatal unit from June 1st to June 30th 2017. The Rotunda is a tertiary referral
centre for neonatal patients with a birth rate of approximately 9,000 babies per annum.
All infants in receipt of PN during this time frame were eligible for inclusion. Data was
collected by one neonatal physician and a neonatal dietitian. Data points collected
included total number of days on PN, type of PN (stock PN or PSPN), the necessity for
additional intravenous (IV) infusions and glycaemic or electrolyte modifications, IV
cannulation and phlebotomy, PSPN same day availability and delays in PN delivery.
Results
The results of our prospective review of PN supply are displayed in Table 1. Fifteen
neonatal patients received a total of 89 days PN in the Rotunda Hospital during the month
of June 2017. Five infants (33%) received stock PN only and 10 (66%) patients received
PSPN during this time period. Of the cumulative 89 days of PN administered, 52 (58%)
days were stock PN and 37 (42%) were PSPN. There was same day availability of PSPN
in 62/89 (69%) days of PN. When PN does not meet the real-time fluid, glycaemic or
electrolyte requirement of these complex intensive care patients, additional intravenous
fluid infusions and electrolyte infusions, known as “side arms”, are required. There was
concern that increased use of non-individualised stock PN or TPN ordered well in
advance of use would lead to increased use of “side-arm” infusions in order to meet each
infant’s nutritional, electrolyte and fluid requirements. Over the month of June, side arms
of sodium chloride (NaCl) were required in four (27%) patients, or on 9 (10%) of the 89
days of overall PN use. Anecdotally, side arms of other supplemental electrolytes such
as potassium and calcium infusions have been required to help correct hypokalaemia and
hypocalcaemia when PSPN was not available in our unit; however this was not found
during our one-month prospective study. Additional Dextrose 5% was also required in
four (27%) neonates or a total of 8 (9%) of the 89 days of PN provision.
Premature neonates frequently have labile blood sugar levels and insulin is often
necessitated to regulate this. The glucose concentration may be modified in PSPN to the
infants particular needs, however where PSPN is not available insulin may be required to
control blood sugar levels while in receipt of the standard glucose concentration stock
PN. Over the month of June, two (13%) infants required insulin for a total of 9 (10%) PN
days. Same day delivery of PSPN was available for most days when insulin was required
bar one 24 hour period where it was not available. With the necessity to provide side arms
and insulin infusions to specific infants, additional fluid and drug calculations were
required when nursing staff prepared the fluids and set the infusion pumps. Eight (53%)
neonates required additional calculations for side arms and insulin to be administered
over 23 (26%) of the 85 days of PN provision. In order to administer side arms additional
intravenous (IV) cannulas may be required. Additional IV cannulas were necessary in 5
(33%) infants during June in order to administer their requisite side arm IV infusions over
6 (7%) of the total PN days. Additional phlebotomy, directly related to monitoring
electrolytes while in receipt of side arm infusions, was required in four (26%) infants over
8 (9%) PN days.
The same day supply of PSPN was available to the Rotunda on 62 (69%) days of PN
during June. A delay in the PSPN supply was noted on 7 (8%) days. A delay was defined
as delivery of PSPN after 7pm in the evening. While a delay in the delivery of PSPN was

not overtly detrimental to neonatal nutrition it does affect staff workload and efficient
administration of PSPN. Table 1:

Discussion
The provision of optimum nutrition to developing premature infants is essential. Ensuring
nutritional integrity is vital for both establishing adequate neonatal growth and protection
from future morbidity and neurodevelopmental impairment11. The lack of an ideal national
7 day service PSPN service (covering weekends and bank holidays) raises many issues.
This five day only system necessities ordering a three to four day supply of PN each
Friday to cover patients over weekends and/or bank holidays. At specific times, e.g.
Christmas and other holiday periods, prescribing happens several days in advance of
administration based on a best estimate of patient requirements. Due to the often rapid
changes in a neonate’s specific nutritional, fluid and electrolyte requirements, particularly
in the smallest and most immature babies, it is not uncommon that pre-ordered PN bags
may no longer be suitable for the patients’ needs by delivery and must either be discarded
or clinical management manipulated. This study did not attempt to quantify the costs
associated with PN bags which were no longer suitable for individual patient use on the
prescribed day, or of additional staff time or resources required to meet patient nutritional
and electrolyte requirements in real time.
Our prospective, one month review provides a snapshot into the effect of 5 rather than 7
days PSPN ordering in the NICU. It quantifies for the first time the use of side arms of
various fluids and electrolytes to meet patient needs, the use of insulin where glycaemic

input cannot be modified and the additional intravenous access requirements. Extra IV
cannulation may be required, and removal of temporary central IV access (such as
umbilical venous catheters) may be delayed. Extra phlebotomy and blood glucose
monitoring may be required. Every side arm of fluids introduces a potential risk of
medication or administration error of fluids and medications, despite best safety practices;
however no adverse events were noted during this study. Indeed, neonates are a high
risk patient population recognised as prone to medication prescribing and administration
error12. Compensatory measures due to a 5 day PSPN service also lead to an increased
workload for staff and accrue a financial burden for the hospital.
Limitations of this study are that it was conducted over a one month period, where a
longer study might have shown variability in the results obtained. A larger, multicentre
study conducted over a longer time frame would provide valuable data on this topic.
However, the short epoch studied allowed a rapid analysis of data, ensuring relevance to
current clinical practice.
The provision of PSPN is a national issue affecting all Irish neonatal units. Over 70,000
infants are delivered annually in Ireland. Six hundred and twenty-two infants were born in
Ireland weighing less than 1,500g at birth in 2015, a cohort for whom early and tailored
nutrition is vital13. Premature infants are a vulnerable population whose future
neurodevelopmental outcome and overall prognosis is directly influenced by early
nutrition. Providing optimum nutrition is multifactorial and may be influenced by many
issues including the infant’s current clinical status. Thorough education and training will
help prescribers to make sensible PSPN ordering decisions. Improvements to available
stock bags may reduce the amount of PSPN that is required and progressing enteral
feeds at faster rates can reduce PN requirements overall. However, increased system
responsiveness to allow prescribing based on the real-time, current clinical condition of
very low birth weight infants through the use of a 7-day PSPN service would be key to
ensuring that all premature infants born in Ireland are afforded the best possible start in
life.
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