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Key Messages
•	 The 2 included studies reported conflicting findings regarding weight gain, length, and time 

to regained birth weight in moderate-to-late preterm neonates weighing 1,500 g or more at 
birth treated with peripherally administered parenteral nutrition (P-PN) versus 10% dextrose 
or dextrose-containing fluids. However, both studies reported no statistically significant 
difference in safety and other measures such as head circumference, time to full enteral 
feeds, and length of hospital stay between the treatment groups.

•	 The strength of the evidence was limited because analyses of the outcomes did not 
include measures that could minimize false-positive results, and a definitive conclusion 
could not be drawn regarding the clinical effectiveness of total parenteral nutrition (TPN) 
for a term or moderate-to-late preterm neonates weighing 1,500 g or more at birth.

•	 No relevant evidence-based guidelines regarding using TPN in term or moderate-to-late 
preterm neonates weighing 1,500 g or more at birth was identified.

Context and Policy Issues
Risk factors for infant malnutrition include preterm birth, low birth weight, illness or congenital 
anomaly, and establishing feeding after necrotizing enterocolitis or gastrointestinal (GI) 
perforation.1 Malnutrition or undernutrition in the early neonatal period may have long-lasting 
effects on growth and development.2 Hospitalized neonates may receive nutritional support 
to foster improvements in growth rate and associated mental development using enteral 
feeding (i.e., oral or tube feeding) or PN by the IV route.1,2 Enteral nutrition presents several 
physiologic advantages with generally fewer complications than PN.3 Parenteral nutrition 
provides optimal energy without forcing high volumes of enteral nutrition,4 and may be used 
in preterm neonates to reduce the risk of postnatal growth failure, long-term malnutrition, 
and poor neurodevelopmental outcomes where immaturity of gastrointestinal motor function 
precluded enteral feeding.5,6

Compared to the volume of literature on PN for infants born at fewer than 32 weeks 
gestation, the literature (including guidelines) is scarce concerning the use of PN for those 
with gestational age between 32- and 34-weeks. This situation may lead to the extrapolation 
of recommendations for PN use from 1 neonatal population to another without supporting 
evidence.4 However, there is concern around the use of PN due to the associated challenges 
such as central venous catheter-related sepsis, thrombosis, peripheral-line extravasations, 
liver disease, bone disease, and metabolic disturbance.4,5 The objective of this report 
is to identify and summarize evidence of clinical effectiveness and evidence-based 
recommendations concerning TPN use in term or moderate-to-late preterm neonates 
weighing 1,500 g or more at birth.

Research Questions
1.	What is the clinical effectiveness of total parenteral nutrition for a term or moderate-to-

late preterm neonates weighing 1,500 g or more at birth?
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2.	What are the evidence-based guidelines regarding administering total parenteral nutrition 
in term or moderate-to-late preterm neonates weighing 1,500 g or more at birth?

Methods

Literature Search Methods
A limited literature search was conducted by an information specialist on key resources 
including MEDLINE, the Cochrane Database of Systematic Reviews, the international HTA 
database, the websites of Canadian and major international health technology agencies, as 
well as a focused internet search. The search strategy comprised controlled vocabulary, such 
as the National Library of Medicine’s MeSH (Medical Subject Headings), and keywords. The 
main search concepts were PN and infants. CADTH-developed search filters were applied 
to limit retrieval to health technology assessments, systematic reviews, meta-analyses, 
network meta-analyses, any types of clinical trials or observational studies, or guidelines. 
Where possible, retrieval was limited to the human population. The search was also limited to 
English language documents published between January 1, 2016, and August 3, 2021.

Selection Criteria and Methods
A 2-step approach was used to screen citations and select relevant studies for the report. Two 
reviewers screened titles and abstracts in the first level of screening to identify potentially 
relevant articles, which were retrieved and assessed for inclusion. One reviewer performed the 
final selection of full-text articles based on the inclusion criteria presented in Table 1.

Exclusion Criteria
Articles were excluded if they did not meet the selection criteria outlined in Table 1; they were 
duplicate publications or were published before 2016. Guidelines with unclear methodology 
were also excluded.

Table 1: Selection Criteria

Criteria Description

Population Neonates who were born at a gestational age of 32 weeks or more and weighing 1,500 g or more at 
birth

Intervention Q1, Q2: Starter TPN, Full TPN

Comparator Q1: Dextrose (10%, 12.5%), dextrose with sodium and potassium

Q2: Not applicable

Outcomes Q1: Weight gain, glucose stabilization, laboratory results (e.g., electrolytes including sodium, potassium, 
magnesium, chloride, phosphate, glucose, and triglycerides), length of stay in a neonatal intensive care 
unit

Q2: Recommendations regarding administering TPN for neonates

Study designs Health Technology Assessments, Systematic Reviews, Randomized Controlled Trials, Non-Randomized 
Studies, Evidence-based Guidelines

TPN = total parenteral nutrition.
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Critical Appraisal of Individual Studies
The included publications were critically appraised by 1 reviewer using the following tools as a 
guide: the Downs and Black checklist7 for randomized and non-randomized studies. Summary 
scores were not calculated for the included studies; instead, the strengths and limitations of 
each included publication were described narratively.

Summary of Evidence

Quantity of Research Available
A total of 889 citations were identified in the literature search. After screening titles and 
abstracts, 859 citations were excluded, and 30 potentially relevant reports from the electronic 
search were retrieved for full-text review. One potentially relevant publication was retrieved 
from the grey literature search for full-text review. Of these 31 articles, 29 publications 
were excluded for various reasons. Two papers – 1 randomized controlled trial (RCT)2 and 
1 retrospective cohort study4 – met the inclusion criteria and were included in this report. 
Appendix 1 presents the PRISMA8 flow chart of the study selection.

Summary of Study Characteristics
Additional details regarding the characteristics of included publications are provided 
in Appendix 2.

Study Design
One of the included primary studies was a parallel-group, single-centre, superiority, non-
blinded RCT.2 It was conducted between September 2016 and June 2018 at a university 
teaching hospital. The second included study was a retrospective cohort study4 that analyzed 
data of neonates admitted in 1 of 7 neonatal intensive care unit (NICU) facilities of a teaching 
hospital during the 2014 and 2016 calendar years. Data of patients born during 2015 were 
excluded because the NICU was in the educational and transitional phase of new nutrition 
guidelines. The investigators performed a propensity matching of patients to control for non-
random assignment and reported separate results before and after the propensity matching.4 
Both studies2,4 were published in 2020.

Country of Origin
The RCT2 was conducted in Australia, and the retrospective cohort study4 was 
conducted in the US.

Patient Population
The RCT2 enrolled a total of 92 preterm infants who were less than 24 hours of age with a 
median gestational age of 32 weeks, and who required IV fluids. Infants were excluded from 
the study if they received centrally administered fluids or presented with significant congenital 
or chromosomal abnormalities. At birth, the infants in the 2 groups had an identical mean 
length (42 cm) and head circumference (30 cm). The mean birth weight was 1,717 g and 
1,749 g in the intervention and control groups, respectively. Overall, baseline demographic and 
clinical characteristics were similar across the treatment groups.
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The retrospective cohort study4 analyzed data from a total of 124 preterm infants without 
significant comorbidities. Patients were excluded if they were diagnosed with intrauterine 
growth restriction, discharged within the first week of life, transferred from the NICU during 
their care, received PN for < 2 days, or had any missing information related to PN duration 
or weight. Before the propensity matching, neonates in the control group showed higher 
values than those in the intervention group regarding median gestational age (33.6 weeks 
versus 32.9 weeks; P < 0.01) and mean birth weight (2,130 g versus 1,855 g; P < 0.01). 
However, other measurements such as birth weight percentile, birth length percentile, and 
head circumference percentile did not show statistically significant differences between 
the treatment groups. The propensity matching improved equality between the groups 
but substantially decreased the sample size (n = 52, with 26 patients matched patients in 
each group).

Interventions and Comparators
In the RCT,2 the eligible infants were randomly assigned to receive peripheral IV (IV) parenteral 
nutrition (P-PN; n = 42) or peripheral IV 10% glucose (control; n = 50). Premixed electrolytes 
solution was added when clinically indicated. The peripheral venous cannulas were routinely 
changed every 72 hours. Enteral feeds in the form of expressed breast milk (or less commonly 
preterm formula when breast milk was not available) were started when the patients were 
clinically stable. The IV feed infusion for a neonate was stopped for each treatment group 
when an enteral intake of 120 mL/kg/day was reached and maintained for 3 days.

The retrospective cohort study4 analyzed data from 89 infants treated with P-PN in 2014 
and 35 infants who received dextrose-containing fluids (DCF) in 2016. For most patients 
(83%) treated with DCF, the fluid was composed of 10% dextrose and 0.2% sodium chloride, 
whereas 14% of patients received plain IV dextrose 10% without any other additives. In each 
treatment group, the infusion was started within 2 hours of birth for all patients. For this 
study,4 the lipid portion of the IV nutrition was discontinued when enteral intake reached 100 
mL/kg/day, and the non-lipid PN was stopped on attaining 120 mL/kg/day enteral intake.

Further details, including the composition and concentrations of the various infusions, are 
provided in Appendix 2.

Outcomes
The primary outcome in both the RCT2 and the retrospective cohort study4 was weight gain 
per day from birth. However, the approach to measurement was different for the 2 studies. 
For the RCT,2 the body weight was measured at approximately the same time daily from birth 
to 21 days (± 2 days) after birth by clinical staff using electronically balanced scales. In the 
retrospective cohort study,4 the daily weight gain was calculated by dividing the difference 
between the discharge weight and birth weight by the birth weight and the length of hospital 
stay. The secondary outcomes were similar for the 2 studies2,4 and included length of hospital 
stay, the change from birth to discharge in weight, length, and head circumference, and safety.

Summary of Critical Appraisal
One of the included studies was an RCT2 and therefore had reduced potential for selection 
bias due to the randomization of patients. However, it was a non-blinded study, so the risk 
for bias due to an uneven approach to care and other maneuvers based on knowledge of the 
interventions could not be ruled out. The investigators in that study performed a sample size 
calculation beforehand to determine the number of patients required to ensure the study was 
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adequately powered for the primary outcome, and they recruited enough patients to meet 
the target. The baseline demographic and clinical characteristics were similar across the 
treatment groups overall. The intervention for each study group and associated outcomes 
were well-described. The analysis of the study results used appropriate statistical methods 
and was based on the intention-to-treat population, widely accepted as good practice.

The other study included in this report was a retrospective cohort study,4 which has a high 
risk of selection bias due to its non-randomized design. However, the investigators performed 
a propensity matching of patients to control for non-random assignment. It is unclear if a 
statistical power calculation was performed. Also, patients in the 2 treatment groups of the 
study received treatment in 2 different historical periods (DCF group in 2014 and P-PN group 
in 2016). Thus, it was unclear if changes occurred in health care delivery over time could 
influence the reported results. The outcomes of the study4 were analyzed using appropriate 
statistical methods, and findings were well reported. The results from analyses before and 
after the propensity matching were consistent, suggesting rigour. However, the sample size 
reduced considerably after the propensity matching.

Although the included studies2,4 conducted multiple statistical tests, there was no adjustment 
for multiplicity in any of the analyses. Therefore, the results must be interpreted with caution 
for potentially high risk of type I error. A type I error (also called false-positive error) occurs if 
an investigator rejects a null hypothesis that is actually true in the population.9 Both included 
studies2,4 restricted enrolment to healthy infants and excluded those with significant illness 
or abnormalities. Furthermore, the P-PN in each of the studies2,4 had lower osmolality than 
standard PN used via central venous lines to allow a safe administration by the peripheral IV 
route. Therefore, the generalizability of the findings in infants with illness or abnormalities, or 
when using a PN of standard osmolality via a central venous line, is unknown.

Additional details regarding the strengths and limitations of included publications are 
provided in Appendix 3.

Summary of Findings
Appendix 4 presents the main study findings.

Clinical Effectiveness of TPN for Term or Moderate-to-Late Preterm Neonates 
Weighing 1,500 g More at Birth
Although both included studies2,4 of this report conducted multiple statistical tests, none 
adjusted for multiplicity. Therefore, the following findings should be interpreted with cautions 
for potentially inflated type I error.

Weight gain
One RCT2 found that during a mean follow-up of 21 days in the hospital, the daily weight gain 
in moderately preterm infants was statistically significantly higher among those treated with 
P-PN than those who received peripheral IV 10% glucose (adjusted mean difference [aMD] 
of 3.9 g/day). The aMD met the clinically minimal important difference (MID) of 3 g per day, 
which the investigators had prespecified in consultation with the neonatal medical team. 
However, it was unclear if that MID is accepted widely in clinical practice. The difference 
in weight gain was also statistically significant in favour of P-PN at the time of discharge 
(aMD = 4.9 g). In contrast, the retrospective cohort study4 found no statistically significant 
difference in daily weight gain or the difference in change in weight percentile from birth to 
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discharge home between moderately preterm infants treated with P-PN and those treated 
with peripheral DCF. The retrospective study4 did not specify the duration of follow-up.

Length gained
One RCT2 found that at day 21 from birth, moderately preterm infants treated with P-PN had 
gained statistically significantly greater length than those treated with peripheral IV 10% 
glucose (aMD of 1.3 cm). The difference remained statistically significant in favour of P-PN at 
the time of discharge, although the difference between groups was reduced (aMD of 0.3 cm). 
However, the clinical significance of the differences in length gained between the treatment 
groups was unclear. Conversely, 1 retrospective cohort study4 found no statistically significant 
difference in change in length percentile from birth to discharge between moderately preterm 
infants treated with P-PN compared with those treated with DCF.

Head circumference gain
One RCT2 and 1 retrospective cohort study4 reported no statistically significant difference in 
head circumference at day 21 from birth or discharge home between moderately preterm 
infants treated with P-PN and treated with peripheral IV 10% glucose or DCF.

Time to regain birth weight
One RCT2 found that moderately preterm infants treated with P-PN regained birth weight 
statistically significantly faster than those treated with peripheral IV 10% glucose. In 
contrast, 1 retrospective cohort study4 found no statistically significant difference in the 
time to regain birth weight between moderately preterm infants treated with P-PN and those 
treated with DCF.

Time to full enteral feeds
One RCT2 found no statistically significant difference in the time it took to reach full enteral 
feeds (i.e.,120 mL/kg/day) between moderately preterm infants treated with P-PN and 
those treated with peripheral IV 10% glucose. In contrast, in 1 retrospective cohort study,4 
the analysis before propensity matching suggested a statistically significantly longer time 
to reach full enteral feeds (i.e., 100 mL/kg/day) with P-PN than with DCF. However, a similar 
analysis after propensity matching did not find a statistically significant difference between 
the groups regarding this outcome.

Length of hospital stay
One RCT and 1 retrospective cohort study4 found no statistically significant difference in 
the length of hospital stay between moderately preterm infants treated with P-PN and those 
treated with peripheral IV 10% glucose or DCF.

Safety
One RCT2 and 1 retrospective cohort study4 found no statistically significant differences in 
safety outcomes between moderately preterm infants treated with P-PN and those treated 
with peripheral IV 10% glucose or DCF.

Guidelines
No relevant evidence-based guideline regarding TPN administration in term or moderate-
to-late preterm neonates weighing 1,500 g or more at birth was identified; therefore, no 
summary can be provided.
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Limitations
A fundamental limitation is that none of the included studies adjusted for multiplicity in 
their analyses, and only the RCT reported performing a sample size calculation. Even so, the 
calculation was to ensure that the study was adequately powered for the primary outcome 
(weight gain per day) and not the secondary outcomes. Therefore, there is uncertainty about 
the findings of the studies on account of potentially high type-1 error and unknown adequacy 
in power to detect statistically meaningful differences in all outcomes between the treatment 
groups. Besides the methodological limitations of the individual studies previously discussed, 
both included studies were based on data collected over a short period when the preterm 
infants remained in the hospital after birth. Thus, the intermediate and long-term effects of 
the interventions on growth and development were unknown.

Moreover, the studies were conducted in single-centre facilities outside Canada (one in 
Australia2 and the other in the US4). Therefore, the generalizability of the reported finding in the 
Canadian context is unknown. Also, the number of included studies was small (i.e., 2),2,4 and 
their findings may not apply to term neonates because term neonates were not enrolled in 
either study. No evidence-based guideline was identified regarding the administration of TPN 
in term or moderate-to-late preterm neonates weighing 1,500 g or more at birth was identified; 
therefore, a summary of recommendations could not be provided.

Conclusions and Implications for Decision- or 
Policy-Making
One RCT2 and 1 retrospective cohort study4 provided evidence for the clinical effectiveness 
of TPN for term or moderate-to-late preterm neonates weighing 1,500 g or more at birth. 
Outcomes reported included changes in weight, length, head circumference, time to regain 
birth weight or reach complete enteral nutrition, and length of hospital stay. While the RCT 
found statistically significantly more gain in weight and length and a faster regaining of 
birth weight with P-PN than with peripheral IV 10% glucose, the retrospective cohort study4 
found no statistically significant inter-group differences for these outcomes. The RCT2 
and the retrospective cohort study4 reported no statistically significant difference in head 
circumference, time to full enteral feeds, and length of hospital stay between moderately 
preterm infants treated with P-PN and those treated with peripheral IV 10% glucose or DCF. 
None of the studies2,4 found a statistically significant difference in any safety outcomes 
between moderately preterm infants treated with P-PN and those treated with peripheral 
IV 10% glucose or DCF. There were no term neonates in any included studies2,4; thus, the 
reported findings may not apply to term neonates.

A major source of uncertainty in the evidence is that although both included studies2,4 
conducted multiple statistical tests, none adjusted for multiplicity. Therefore, given the 
potential high risk of type I error associated with the findings, a definitive conclusion could not 
be drawn regarding the clinical effectiveness of TPN for the term or moderate-to-late preterm 
neonates weighing 1,500 g or more at birth. No relevant evidence-based guideline regarding 
TPN administration in term or moderate-to-late preterm neonates weighing 1,500 g or more at 
birth was identified; therefore, no summary can be provided. Thus, there is a need for studies 
with a rigorous methodology that assess the comparative clinical effectiveness of TPN and 
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evidence-based guidelines with specific recommendations for TPN use in this population of 
neonate patients.
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Appendix 1: Selection of Included Studies

Figure 1: Selection of Included Studies
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Appendix 2: Characteristics of Included Publications

Table 2: Characteristics of Included Primary Clinical Studies

Study citation, country, funding 
source Study design Population characteristics Intervention and comparator(s) Clinical outcomes, length of follow-up

Suganuma et al., (2020)2

Australia

Funding: Women’s and Children’s 
Hospital Foundation

A single-centre, non-
blinded, randomized 
controlled trial 
conducted between 
September 2016 and 
June 2018

A total of 92 preterm infants born 
30 to 33 weeks gestation were 
less than 24 hours of age and 
required IV fluids (N = 42 for P-PN 
and 50 for control).

Median (IQR) gestational age: 32 
(31 to 32) weeks for P-PN and 32 
(31 to 33) weeks for control

Mean (SD) birth weight: 1,717 
(289) g for P-PN and 1,749 (329) g 
for control

Mean (SD) length at birth: 42 (2) 
cm for P-PN and 42 (2) cm for 
control

Mean (SD) head circumference at 
birth: 30 (2) cm for P-PN and 30 
(2) cm for control

Infants were excluded if they 
received centrally administered 
fluids or presented with significant 
congenital or chromosomal 
abnormalities.

Peripheral IV P-PN

vs.

Peripheral IV 10% glucose 
(osmolarity 556 mOsm/L), with 
added premixed electrolytes 
solution (i.e., glucose 100 g/L, 
potassium chloride 1.5 g/L, 
and sodium chloride 2.25 g/L; 
osmolarity 672 mOsm/L) when 
clinically indicated

The P-PN was composed of 8% 
glucose, 30 g/L amino acids, 500 
IU/L heparin (estimated osmolality 
678 mOsm/L), and a 17% lipid 
emulsion with added vitamins 
(estimated osmolality 340 
mOsm/L)

The non-lipid portion of the P-PN 
was administered at a maximum 
of 100 mL/kg/day, so the infant 
received a maximum IV protein 
intake of 3 g/kg/day.

Primary:
•	Weight gain (g/day) from birth to 

21 days ± 2 days of age

Secondary:
•	Length of hospital stay,
•	Change from birth to discharge in 

weight, length, and HC, and
•	Safety

Follow-up: 21 days ± 2 days
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Study citation, country, funding 
source Study design Population characteristics Intervention and comparator(s) Clinical outcomes, length of follow-up

The lipid emulsion with vitamins 
portion of the P-PN was 
administered using a separate line 
via the same peripheral IV site at 2 
g/kg/day.

All infants received IV 10% 
glucose via a peripheral venous 
catheter during the period before 
randomization.

In the course of receiving the 
P-PN therapy, patients were given 
IV 10% glucose, as needed, to 
meet targeted total fluid volume 
or for physiologic homeostasis 
requirements.

Prusakov et al. (2020)4

US

Funding: None declared

A retrospective cohort 
study based on 2014 
and 2016 data from a 
single NICU belonging 
to a group of pediatric 
hospitals and research 
institutes.

The outcomes were 
reported for before 
and after propensity 
matching.

A total of 124 preterm infants 
without significant comorbidities, 
who were born at ≥ 32 but < 34 
weeks gestational age (N = 89 for 
P-PN and 35 for DCF).

Median (IQR) gestational age: 
32.9 (32.4 to 33.1) weeks for P-PN 
and 33.6 (33.1 to 33.7) weeks for 
DCF groups (P < 0.01).

Mean (SD) birth weight: 1,855 
(346) g for P-PN and 2,130 (337) g 
for DCF groups (P < 0.01).

Birth weight percentile, % (IQR): 
50 (28 to 64) for P-PN and 57 (44 
to 72) for DCF groups.

Peripheral IV P-PN (in 2014)

vs.

Standard DCF (in 2016) The fluid 
consisted mainly of 10% dextrose 
with or without additives (84% had 
10% dextrose and 0.2% of sodium 
chloride 14% had dextrose 10% 
without any other additives).

The infusion was started within 
2 hours of birth in each group. 
Osmolality values were not 
reported for either group.

Primary:
•	Weight gain (g/kg/day)

Secondary:
•	Time to regain birth weight
•	Time to 100 mL/kg/day of enteral 

nutrition
•	Length of hospital stay
•	Change from birth to discharge in 

weight, length, and HC
•	Safety

Follow-up duration not reported
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Study citation, country, funding 
source Study design Population characteristics Intervention and comparator(s) Clinical outcomes, length of follow-up

Birth length percentile, % (IQR): 60 
(24 to 82) for P-PN and 71 (47 to 
85) for DCF groups.

Birth HC percentile, % (IQR): 64 
(38 to 84) for P-PN and 68 (45 to 
87) for DCF groups.

Patients were excluded if they 
were diagnosed with IUGR, 
discharged within the first week 
of life, transferred from the NICU 
during their care, received PN 
for < 2 days, or had any missing 
information related to PN duration 
or weight

The non-lipid portion of the P-PN, 
infused at 80 mL/kg/day, provided 
3 g/kg/day of the amino acid 
(TrophAmine) and 8 g/kg/day 
of dextrose for an initial energy 
intake of 39.2 kcal/kg/day

The lipid portion (20% Intralipid) 
of the P-PN was administered at 
1 g/kg/day on day 1, with daily 
increments by 1 g/kg to reach a 
goal of 3 g/kg/day.

DCF = dextrose-containing fluids; IQR = interquartile range; HC = head circumference; IU = international unit; IUGR = diagnosis of intrauterine growth restriction; mOsm/L = milliosmoles/litre; NICU = neonatal intensive care unit; PN 
= parenteral nutrition; P-PN = peripherally administered parenteral nutrition; SD = standard deviation.
Note that this appendix has not been copy-edited.
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Appendix 3: Critical Appraisal of Included Publications
Note that this appendix has not been copy-edited.

Table 3: Strengths and Limitations of Clinical Studies Using the Downs and Black Checklist7

Strengths Limitations

Suganuma et al., (2020)2

A randomized controlled trial that minimizes selection bias

The objective of the study and its inclusion and exclusion 
criteria were stated clearly.

Calculations were performed beforehand to determine 
a sample size that ensured the study was adequately 
powered for the primary outcome.

Overall, baseline demographic and clinical characteristics 
were similar across the treatment groups without a 
statistically significant difference.

The intervention and comparator were described well, and 
the primary and secondary outcomes were defined clearly.

There were no significant differences in the number of days 
requiring IV therapy and enteral protein, lipid, or energy 
intake between groups over the 3-week study period.

Outcomes were reported clearly with P values.

The analysis was based ITT population, with a per-protocol 
analysis performed for the primary outcome only.

The analysis of results used appropriate statistical 
methods, and results were reported with estimates of 
variability (e.g., IQR, SD, and CI, where applicable).

The study was supported by a grant from the local hospital 
foundation, and the authors did not appear to have any 
competing interests.

The study was a non-blinded, randomized controlled trial. Therefore, 
a risk for bias due to an uneven approach to care and other 
maneuvers based on knowledge of the interventions could be ruled 
out.

The investigators used PN of lower osmolarity than standard PN to 
safely administer the infusion by the peripheral IV route instead of 
the usual central venous line. Also, the study enrolled only healthy 
neonates and excluded those with congenital or chromosomal 
abnormalities. Therefore, it is unknown if the findings would be 
generalizable when PN is infused via a central venous line or in 
infants with illness or abnormalities.

Reported outcomes were based on data from a short period when 
the infants were still in the hospital after birth (follow-up 21 days 
± 2 days). Thus, the intermediate and long-term effects of the 
intervention on growth and development are unknown.

Analyses for secondary outcomes were done without adjustment 
for multiple comparisons. Therefore, the results should be 
interpreted with caution, given a potentially high rate of type I error.

The study was a single-centre RCT conducted in Australia. 
Therefore, the generalizability of the reported finding in the 
Canadian context is unknown.
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Strengths Limitations

Prusakov et al. (2020)4

The objective of the study was stated clearly.

Patients’ characteristics and the interventions of interest 
were well-described.

The outcomes measures and findings were reported clearly, 
along with estimates of the random variability and P values

Analyses conducted on the unmatched original data were 
confirmed with results from the propensity-score-matched 
population, suggesting rigour of the results.

Outcomes were analyzed with appropriate statistical 
methods, and findings were well-reported.

There was no funding, and the authors declare no conflicts 
of interest.

The study was a retrospective study lacking randomization that 
reduces the risk of selection bias.

Enrolment to participate in the study was restricted to healthy 
neonates. Therefore, it is unknown if the findings are generalizable 
in infants with illness or abnormalities.

A sample size calculation was not reported, and it was unclear if the 
study was adequately powered for all outcomes

The analyses of outcomes did not adjust for multiplicity, although 
multiple statistical tests were conducted. As a result, the reported 
findings may have a high type I error.

Only inpatient data were used in the study, with no information 
about outcomes after the infants were discharged from the 
hospital. Thus, results about the intermediate and long-term effects 
were lacking.

Patients in the 2 treatment groups received treatment in 2 different 
historical periods (DCF group in 2014 and P-PN group in 2016). 
Thus, it was unclear if changes in health care delivery over the years 
could influence the reported results.

The study was based on a single NICU facility in the US. Thus, the 
generalizability of the findings in Canadian settings is unknown.
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Appendix 4: Main Study Findings by outcome
Note that this appendix has not been copy-edited.

Table 4: Summary of Findings — Weight Gain

Study citation and

study design Detailed findings

P-PN vs. 10% glucose or DCF

Suganuma et al., (2020)2

RCT

Weight gain:
•	The mean (SD) rate of weight gain was 18.7 (6.6) g/day for infants in the P-PN group 

compared with 14.8 (6.0) g/day for those in the control group. The difference was 
statistically significant, with an aMDa of 3.9 g/day (95% CI, 1.3 to 6.6; P = 0.004). The clinically 
important difference agreed locally between investigated and the local neonatal medical 
team was 3 g per day.

•	The mean (SD) weight gain at discharge was 24.1 (5.3) g for infants in the P-PN group 
compared with 19.4 (8.4) g for those in the control group. The difference was statistically 
significant, with an aMD of 4.9 g (95% CI, 2.0 to 7.9; P = 0.001).

Prusakov et al. (2020)4

Retrospective cohort study

Weight gain from birth to discharge, g/kg/day:
•	Before Propensity Matching, mean (SD): 11.8 (5.9) for P-PN vs. 10.0 (3.4) for DCF. The 

difference was not statistically significant (P = 0.09)
•	After Propensity Matching, mean (SD): 9.8 (5.5) for P-PN vs. 9.7 (3.3) for DCF. The difference 

was not statistically significant (P = 0.90)

Weight change percentile (%) from birth to discharge:
•	Before Propensity Matching, median (IQR): −17 (−25 to −7) for P-PN vs. –16 (−25 to −10) for 

DCF. The difference was not statistically significant (P = 0.88)
•	After Propensity Matching, median (IQR): −18 (−27 to −10) for P-PN vs. –18 (−25 to −11) for 

DCF. The difference was not statistically significant (P = 0.79)

aMD = adjusted mean difference; CI = confidence intervals; g = gram; DCF = dextrose-containing fluids; IQR = interquartile range; kg = kilogram; P-PN = peripherally 
administered parenteral nutrition; RCT = randomized controlled trial; SD = standard deviation.
aAdjusted for sex and gestational age 30 + 0 to 31 + 6 and 32 + 0 to 33 + 6 weeks.

Table 5: Summary of Findings – Change in Length

Study citation and

study design Detailed findings

P-PN vs. 10% glucose or DCF

Suganuma et al., (2020)2

RCT

Length gained:
•	The mean (SD) length at day 21 was 44.5 (2.8) cm for infants in the P-PN group compared 

with 43.4 (2.1) for those in the control group. The difference was statistically significant, with 
an aMD of 1.3 cm (95% CI 0.5 to 2.1; P = 0.001).

•	The mean (SD) length gain at discharge was 1.2 (0.5) cm for infants in the P-PN group 
compared with 1.0 (0.7) for those in the control group. The difference was statistically 
significant, with an aMD of 0.3 cm (95% CI 0.0 to 0.5; P = 0.02).
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Study citation and

study design Detailed findings

Prusakov et al. (2020)4

Retrospective cohort study

Length change percentile (%) from birth to discharge:
•	Before Propensity Matching, median (IQR): −16 (−31 to −3) for P-PN vs. −16 (−22 to −4) for 

DCF. The difference was not statistically significant (P = 0.83)
•	After Propensity Matching, median (IQR): −14 (−22 to −2) for P-PN vs. −17 (−21 to −6) for 

DCF. The difference was not statistically significant (P = 0.23)

aMD = adjusted mean difference; CI = confidence intervals; DCF = dextrose-containing fluids; IQR = interquartile range; P-PN = peripherally administered parenteral nutrition; 
RCT = randomized controlled trial; SD = standard deviation.
aAdjusted for sex and gestational age 30 + 0 to 31 + 6 and 32 + 0 to 33 + 6 weeks.

Table 6: Summary of Findings — Change in Head Circumference

Study citation and

study design Detailed findings

P-PN vs. 10% glucose or DCF

Suganuma et al., (2020)2

RCT

Head circumference:
•	The mean (SD) head circumference at day 21 was 31.0 (2.0) cm for P-PN and 31.0 (1.4) cm 

for the control group. The difference was not statistically significant (aMD = 0.2 cm (95% CI, 
–0.3 to 0.6; P = 0.6).

•	The mean (SD) gain in head circumference as at discharge was 0.9 (0.4) cm for infants in 
each of the 2 groups, with no statistically significant difference between them (aMD = 0.1 cm 
(95% CI, –0.1 to 0.2; P = 0.4).

Prusakov et al. (2020)4

Retrospective cohort study

Head Circumference change percentile (%) from birth to discharge:
•	Before Propensity Matching, median (IQR): −18 (−32 to −4) for P-PN vs. −19 (−28 to −3) for 

DCF. The difference was not statistically significant (P = 0.9)
•	After Propensity Matching, median (IQR): −18 (−29 to −4) for P-PN vs. −19 (−32 to −7) for 

DCF. The difference was not statistically significant (P = 0.39)

aMD = adjusted mean difference; CI = confidence intervals; DCF = dextrose-containing fluids; IQR = interquartile range; P-PN = peripherally administered parenteral nutrition; 
RCT = randomized controlled trial; SD = standard deviation.
aAdjusted for sex and gestational age 30 + 0 to 31 + 6 and 32 + 0 to 33 + 6 weeks.

Table 7: Summary of Findings — Time to Regain Birth Weight

Study citation and

study design Detailed findings

P-PN vs. 10% glucose or DCF

Suganuma et al., (2020)2

RCT

Infants in the P-PN group regained birth weight significantly faster than those in the control 
group (adjusted ratio of means 0.8 days; 95% CI, 0.7 to 0.9; P < 0.0001).

Prusakov et al. (2020)4

Retrospective cohort study

Before Propensity Matching, median (IQR): 8 (5 to 10) days for P-PN vs. 8 (7 to 11) for DCF. The 
difference was not statistically significant (P = 0.22).

After Propensity Matching, median (IQR): 9 (6 to 11) days for P-PN vs. 9 (7 to 11) for DCF. The 
difference was not statistically significant (P = 0.51).

CI = confidence intervals; DCF = dextrose-containing fluids; IQR = interquartile range; P-PN = peripherally administered parenteral nutrition; RCT = randomized controlled 
trial; SD = standard deviation.
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Table 8: Summary of Findings — Time to Full Enteral Feeds

Study citation and

study design Detailed findings

P-PN vs. 10% glucose or DCF

Suganuma et al., (2020)2

RCT

Time to 120 mL/kg/day of enteral nutrition:
•	The mean (SD) to 120 mL/kg/day of enteral nutrition was 6.6 (2.4) days for P-PN and 6.2 

(1.7) days for the control group. The difference was not statistically significant (aMD = 1.1 
days (95% CI, 0.9 to 1.2; P = 0.3).

Prusakov et al. (2020)4

Retrospective cohort study

Time to 100 mL/kg/day of enteral nutrition:
•	Before Propensity Matching, Mean (SD): 5.1 (1.07) days for P-PN vs. 4.5 (0.98) days for DCF. 

The difference was not statistically significant (P < 0.01)
•	After Propensity Matching, Mean (SD): 4.9 (0.95) days for P-PN vs. 4.5 (1.0) days for DCF. 

The difference was not statistically significant (P = 0.17)

aMD = adjusted mean difference; CI = confidence intervals; DCF = dextrose-containing fluids; kg = kilogram; mL = millilitre; P-PN = peripherally administered parenteral 
nutrition; RCT = randomized controlled trial; SD = standard deviation.
aAdjusted for sex and gestational age 30 + 0 to 31 + 6 and 32 + 0 to 33 + 6 weeks.

Table 9: Summary of Findings — Length of Hospital Stay

Study citation and

study design Detailed findings

P-PN vs. 10% glucose or DCF

Suganuma et al., (2020)2

RCT

The mean (SD) length of hospital stay was 35.5 (10.5) days for P-PN and 35.6 (3.8) days for the 
control group. The difference was not statistically significant (aMD = 1.0 days (95% CI, 0.9 to 
1.1; P = 0.8)

Prusakov et al. (2020)4

Retrospective cohort study

Before Propensity Matching, median (IQR): 21 (17 to 31) days for P-PN vs. 23 (17 to 26.5) days 
for DCF. The difference was not statistically significant (P = 0.88)

After Propensity Matching, median (IQR): 20 (15 to 29) days for P-PN vs. 23 (17 to 26) days for 
DCF. The difference was not statistically significant (P = 0.40).

aMD = adjusted mean difference; CI = confidence intervals; DCF = dextrose-containing fluids; IQR = interquartile range; P-PN = peripherally administered parenteral nutrition; 
RCT = randomized controlled trial; SD = standard deviation.
aAdjusted for sex and gestational age 30 + 0 to 31 + 6 and 32 + 0 to 33 + 6 weeks.
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Table 10: Summary of Findings — Incidence of Adverse Events

Study citation and

study design Detailed findings

P-PN vs. 10% glucose or DCF

Suganuma et al., (2020)2

RCT

The proportions of infants with hypoglycemia, hyperglycemia, metabolic acidosis, low serum 
albumin, or feeding intolerance were not significant significantly different between the 
treatment groups

The need for respiratory support and the incidence of sepsis were similar across the groups 
with no statistically significant difference.

The mean levels of serum albumin, pH, base excess, and blood sugar were not significant 
differences between the groups.

One stage 3 extravasation occurred in the P-PN group compared with no stage 3 extravasations 
in the control group.

Prusakov et al. (2020)4

Retrospective cohort study

Time on any supplemental oxygen (days):
•	Before Propensity Matching, median (IQR): 0 (0 to 2.0) for P-PN vs. 2 (0 to 3.5) for DCF. The 

difference was borderline statistically significant (P = 0.05)
•	After Propensity Matching, median (IQR): 0 (0 to 2) for P-PN vs. 1 (0 to 3) for DCF. The 

difference was not statistically significant (P = 0.1).

Total number of antibiotic courses (all for necrotizing enterocolitis):
•	Before Propensity Matching: 4 for P-PN vs. 1 for DCF. The difference was borderline 

statistically significant (P = 1.0)
•	After Propensity Matching: 0 for P-PN and DCF, with no statistically significant difference 

between the groups (P = 1.0).

DCF = dextrose-containing fluids; IQR = interquartile range; P-PN = peripherally administered parenteral nutrition, RCT = randomized controlled trial.
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