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IV minerals: Calcium and phosphate

2 Review question

3
4

What are the optimal target dosages for calcium and phosphate in preterm and term babies
who are receiving parenteral nutrition and neonatal care?

5 Introduction

6
7
8
9
10
11
12
13
14

The provision of both calcium and phosphate in optimal proportions is required in the
formation of bone. As 80% of bone mineral is laid down in the third trimester in term infants,
preterm infants have reduced stores of minerals at birth. In addition, it can be challenging to
provide both term and preterm babies with enough calcium and phosphate for adequate
bone mineralisation as the establishment of enteral nutrition may be delayed. It may also be
difficult to supply sufficient minerals in the correct proportion using parenteral nutrition (PN).
It is important to give babies receiving PN optimal intakes of calcium and phosphates to
prevent electrolyte disturbances such as hyper or hypocalcaemia, and hyper and
hypophosphataemia.

15 Summary of protocol

16
17

18

19
20

Please see Table 1 for a summary of the Population, Intervention, Comparison and Outcome
(PICO) characteristics of this review.

Table 1: Summary of the protocol (PICO table)
e Babies born preterm, up to 28 days after their due birth date
(preterm babies)
e Babies born at term, up to 28 days after their birth (term babies)
Any amount of calcium or phosphate
Each other
Critical
e Metabolic bone disease of prematurity
e Fractures
e Growth/Anthropometric measures
o Weight gain (g/kg/d)
o Linear growth
o Head circumference (mm)
o Adverse effects of PN
o Hypercalcaemia
o Hypercalciuria
o Hyperphosphataemia (high blood level of phosphate)
o Hypophosphataemia
Important
o Mortality

PN: Parenteral nutrition

For full details see the review protocol in appendix A.

6
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1 Clinical evidence

2 Included studies

Seven randomised controlled trials (RCTs) were identified for inclusion in this review(Aiken
1986; Koo 1987, Koo 1989, Macmahon 1989, Mazouri 2017, Prestridge 1993, and Vileisis
1997).

The included studies are summarised in Table 2.

Five studies compared high calcium and phosphorous levels to standard (low) calcium and
phosphorous (Aiken 1986, Koo 1987, Koo 1989, Macmahon 1989, Prestridge 1993). One
study compared high and moderate phosphorous levels to low phosphorous (Vileisis 1997),
10 and one study compared phosphorous to no phosphorous (Mazouri 2017).

©oo~N O Oob~hw

11  The doses of calcium and phosphate in the control arm of Prestige 1993 were similar to
12  doses of calcium and phosphate in the high dose group in studies conducted by Koo (1987
13 and 1989) and therefore it would not appropriate to be combined these.

14  See the literature search strategy in appendix B, study selection flow chart in appendix C,
15 study evidence tables in appendix D, forest plots in appendix E, and GRADE tables in
16  appendix F.

17 Excluded studies

18  Studies not included in this review are listed, and reasons for their exclusions are provided in
19 appendix K.

20 Summary of clinical studies included in the evidence review

21  Summaries of the studies included in this review are presented in Table 2

22 Table 2: Summary of included studies

Study Population Intervention Comparison Outcomes Comments
Aiken 1986 N =15 High Calcium  Standard ¢ Weight gain Duration of feeding
and solution (n=5) 4 Fracture varied from 26 to

RCT Mean BW Phosphate « Rickets 75 days, infants

(_g)— (n=10) 0.55 studies only after
Ui High Ca mmol/kg/d 10 days

and PO: 1.08 calcium

1066 (SD mmol/kg/d

198) calcium 0.44

Standard: mmol/kg/d

1067 (SD 0.89 phosphate

239) mmol/kg/d

phosphate

Mean GA

(weeks)

High Ca

and PO:

27.9 (SD

1.2)

Standard:

28.0

(SD 1.0)

7
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Study

Koo 1987
RCT

us

Koo 1989
RCT

us

Macmahon
1989

RCT

UK

Population

N =18

Infants with
surgical
indications
for PN

Mean BW
@

High: 2717
(SD 672)
Low: 2903
(SD 474)

Mean GA
(weeks)
High: 37.0
(SD 2.4)
Low: 37.9
(SD 2.4)

N=26

Preterm
infants

Mean BW
(@

High: 1065
(SD 447)
Low: 1115
(SD 485)

Mean GA
(weeks)
High: 28.8
(SD 3.6)
Low: 29.0
(SD 3.5)

N=27

Mean BW
(@

Increased
group: 830
(range 590-
1495)

Intervention Comparison
High Calcium Standard
and solution
Phosphate (Low Calcium
(n=9) and
Phosphate)
15mM each: (n-9)
1.5-2
mmol/kg/d 5mM each:
calcium 0.5 mmol/kg/d
calcium
1.5-2.0
mmol/kg/d 0.5 mmol/kg/d
phosphate phosphate
High-dose Standard
Calcium and solution (Low-
Phosphate dose Calcium
(n=13) and
Phosphate)
15mM each: (n=12)
1.5 mmol/kg/d
calcium 5mM each:
0.5 mmol/kg/d
1.5 mmol/kg/d ~ c@lcium and
phosphate phosphate
Increased Standard
mineral solution (n=
content (n=14) 13)
1.25 0.68
mmol/kg/d mmol/kg/d
calcium calcium
8

Outcomes

o Weight gain

e Fracture

e Rickets

Comments

Amounts of calcium
and phosphate
have been
converted by
calculation from mg
P/dL into
mmol/kg/day at an
assumed PN intake
of 100ml/kg/day
(approximate
intakes have been
calculated to allow
comparisons).

Enteral feedings
were attempted for
all infants whenever
possible, and any
feedings tolerated
were recorded

Amounts of calcium
and phosphorous
have been
converted by
calculation from
mg/dl into
mmol/kg/day at a
PN intake of
100ml/kg/day
(approximate
intakes have been
calculated to allow
approximate
comparisons).

= 75% of the
volume of fluid was
given intravenously

When enteral
feeding was
possible the
mother’s own

Parenteral nutrition in neonates: Evidence reviews for calcium and phosphate DRAFT
(September 2019)
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Study

Prestridge
1993

RCT

us

Mazouri
2017

RCT

Iran

Population
Standard
group:

960 (range
580 -1760)

Mean GA
(weeks)
Increased
group: 26
(range 24-
41)
Standard
group: 28
(range 25-
33)

N=24

Mean BW
@

High group:
875 (SD
180)
Standard
group:

921 (SD
171)

Mean GA
(weeks)
High group:
27, (SD 2)
Standard
group: 27,
(SD 2)
N=50

Mean BW
(ka)
Phosphate:
1.31 (SD
0.14)

No
Phosphate:
1.27 (SD
0.16)

Mean GA
(weeks)
Phosphate:
29.5(SD 1)
No
phosphate:
29.7 (SD
1.2)

Intervention Comparison Outcomes
1.20 0.61
mmol/kg/d mmol/kg/d
phosphorous phosphorous
High Calcium Standard PN e Bone mineral
and content
Phosphate 1.5 mmol/kg/d
.(M) calcium
1.8 mmolikg/d 1 g mmolikg/d
calcium phosphate
2.5 mmol/kg/d
phosphate
Phosphorous No e Bone mineral
(n=25) phosphorous density
(n=25)
PN plus 1.5
mmol/kg/day PN without
phosphorous sodium
sodium glycerol-
glycerol- phosphate
phosphate
9

Comments

expressed milk was
used in preference.
If not, a proprietary
preterm formula
was used

Parenteral nutrition
initiated postnatal
day 3

Enteral intake
started at 19+ 5
days (Standard PN)
and 17 + 2 days
(High Ca P)

Amounts of calcium
and phosphate
have been
converted by
calculation from
mmol/dL into
mmol/kg/day

Neonates selected
by convenience
sampling

Parenteral nutrition in neonates: Evidence reviews for calcium and phosphate DRAFT
(September 2019)
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Study Population Intervention Comparison Outcomes Comments
Vileisis N=27 Moderate Low » Hypercalciuria Received study
1987 (n=8) phosphorous « Weight gain infusion for the first

Mean BW (n=10) 14 days of life
RCT (kq) 1.34

Moderate: mmol/kg/d 1.01
us 1.09 (SD phosphate, mmol/kg/d

2.86) 0.87 Phosphate,

Low: 0.8 ~ mmolkg/d 0.85

(SD 0.22) Calcium mmol/kg/d

Calcium

Mean GA High

(weeks)

Moderate: ~ 1.67

28.2 (SD mmol/kg/d
3.11) phosphate,

Low: 27.2  0.73
(SD 1.26) mmol/kg/day
calcium

1 BW: Birth weight; Ca: calcium; GA: gestational age; P: phosphate; PN: parenteral nutrition; RCT: randomised
2 controlled trial; SD: standard deviation; VLBW: very low birth weight; UK: United Kingdom; US: United States.

3 See appendix D for full evidence tables.

4 Quality assessment of clinical outcomes included in the evidence review

5 GRADE was conducted to assess the quality of outcomes. Evidence was identified for critical
6  outcomes, but no evidence was identified to provide data on important outcomes. The clinical
7  evidence profiles can be found in appendix F.

8 Economic evidence

9 Included studies

10 A systematic review of the economic literature was conducted but no economic studies were
11  identified which were applicable to this review question. A single economic search was

12  undertaken for all topics included in the scope of this guideline. Please see supplementary
13  material D for details.

14 Excluded studies

15 No studies were identified which were applicable to this review question.

16 Summary of studies included in the economic evidence review

17  No economic evaluations were identified which were applicable to this review question.

18 Economic model

19  No economic modelling was undertaken for this review because the committee agreed that
20  other topics were higher priorities for economic evaluation.

10
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1 Clinical Evidence statements

2
3 High calcium and phosphorous versus standard (low) calcium and phosphorous
4
5 Weight gain
6 e Verylow quality evidence from 2 -RCT (n=33 showed no clinically important difference in
7 weight gain in babies who received high calcium and phosphorous intakes compared to
8 babies who received standard (low) calcium and phosphorous. However, there was
9 uncertainty around the effect, Standard mean difference (SMD): 0.28 (95% CI -0.43,
10 0.99).
11
12 Fractures
13 e Verylow quality evidence from 2 RCT (n=41) showed a clinically important difference in
14 fractures between babies who received high calcium and phosphorous intakes compared
15 to babies who received standard (low) calcium and phosphorous intakes, with fewer
16 events in those receiving high calcium and phosphorous. However, there was uncertainty
17 around the effect: Peto Odds ratio (OR) 0.08 (95% CI 0.00, 1.40).
18
19 Rickets
20 e Very low quality evidence from 2 RCT (n=42) showed a clinically important difference in
21 rickets in babies who received high calcium and phosphorous intakes compared to babies
22 who received standard (low) calcium and phosphorous intakes, with fewer events in those
23 receiving high calcium and phosphorous. However, there was uncertainty around the
24 effect, RR 0.29 (95%CI 0.07, 1.23).
25
26 Bone mineral content at 4 weeks after birth (BMC, measured in mg/cm)
27 e High quality evidence from 1 RCT (n=24) showed a clinically important difference in bone
28 mineral content in babies who received high calcium and phosphorous intakes compared
29 to babies who received standard (low) calcium and phosphorous intakes, with higher bone
30 mineral content in babies who received high calcium and phosphorous., Mean difference
31 (MD) 2.28 (95%CI 1.36, 3.20).
32
33 Bone mineral content at 8 weeks after birth (BMC, measured in mg/cm)
34 e Moderate quality evidence from 1 RCT (n=24) showed no clinically important difference in
35 bone mineral content in babies who received high calcium and phosphorous intakes
36 compared to babies who received standard (low) calcium and phosphorous intakes.
37 However, there was uncertainty around the effect, MD 1.29 (95% CI -4.59, 7.17).
38
39 High and moderate phosphorous versus low phosphorous
40
41 Hypercalciuria
42 o Low quality evidence from 1 RCT (n=27) showed a clinically important difference in
43 hypercalciuria in babies who received high and moderate phosphorous intakes compared
44 to babies who received low phosphorous intakes, with lower events of hypercalciuria in
45 those with high/moderate phosphorous intake. RR 0.08 (95% CI 0.01, 0.59).
46
a7 Weight gain (Q)

11
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¢ Very low quality evidence from 1 RCT (n=27) showed no clinically important difference in
weight gain in babies who received high and moderate phosphorous intakes compared to
babies who received low phosphorous intakes. However, there was high uncertainty
around the effect, MD 15 (95% CI -47.21, 77.21).

Phosphorous versus no phosphorous

Bone mineral density (BMD, measured in g/cm?)

e Moderate quality evidence from 1 RCT (n=50) showed a clinically important difference in
bone mineral density in babies who received TPN with sodium glycerophosphate
compared to babies who received TPN without sodium glycerophosphate, with greater
bone mineral density in babies who received phosphate, MD 0.03 (95%CI 0.02, 0.04).

13 Economic Evidence statements

14

No economic evidence was identified which was applicable to this review question.

15 The committee’s discussion of the evidence

16 Interpreting the evidence

17 The outcomes that matter most

18
19
20
21
22
23
24
25
26
27
28

The committee prioritised a number of outcomes as critical, specifically metabolic bone
disease of prematurity, and the incidence of fractures. These outcomes were selected as
critical, because while rare, they are clinically important, and may significantly add to the
baby’s discomfort or length of stay and bone development is directly related to the mineral
content of PN. Biochemical disturbances such as hypercalcaemia and hyper and
hypophosphataemia and hypokalaemia may be relatively more common but may also be
clinically important if not treated promptly, and may in addition occur most frequently in
babies when suboptimal amounts of calcium and phosphate are given in PN. Outcomes such
as weight gain, linear growth and head circumference were also considered critical as
adequate growth would indicate sufficient nutrition and provision of the substrates required
for growth. Mortality was considered an important outcome.

29 The gquality of the evidence

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7

The quality of evidence for this review was assessed using GRADE methodology. The
evidence presented was generally either very low or low quality, with the exception of one
high quality piece of evidence for bone mineral density at 4 weeks in babies who received
higher calcium/phosphate compared with lower calcium/phosphate, and some moderate
quality evidence for bone mineral density in babies who received phosphate compared with
no phosphate, indicating high uncertainty in the reliability of the data. This was due to serious
and very serious risks of bias, and very serious and serious imprecision. Very serious and
serious risk of bias were due to selection bias in one of the studies (Aiken 1986) where
alternation occurred, and performance bias in two studies (Koo 1987 and Koo 1989) where
the initial blinding of assessors was broken. Bias also occurred in one study (Aiken 86)
where the standard regimen was stopped early due to “biochemical and clinical problems
seen in babies receiving this treatment”. Unclear methods of randomisation, unclear
allocation concealment, unclear blinding of assessors, and unclear attrition were also
apparent across studies. In addition, the studies had small sample sizes. Serious and very
serious imprecision occurred whereby the 95% confidence intervals crossed the minimally
important difference on one or both sides. The committee acknowledged that the evidence
presented was old and did not accurately reflect the amounts of calcium and phosphate
given via PN in current clinical practice. The committee also acknowledged that it was

12
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difficult to make comparisons across the studies due to the overlap in doses administered to
babies in the high and standard dose arms of the studies.

Benefits and harms

The committee considered the evidence presented, and used this alongside their knowledge
and clinical experience to develop the recommendations by informal consensus. The
committee agreed the evidence was old and the amounts of calcium and phosphate given to
participating babies were lower than those currently given to babies in clinical practice in the
United Kingdom, (apart from in one included study [Prestridge 1993]). Benefits were evident
in critical outcomes in babies who received higher amounts of calcium and phosphate,
specifically in the reduction in the incidence of rickets, fracture and hypercalciuria, and an
increase in bone mineral density.

The committee considered what could be practically delivered when considering calcium and
phosphate doses currently given to babies, including amounts delivered when using
standardised bags.

The committee agreed that calcium may be given in variable amounts without altering other
electrolytes and could be individualised when required to meet the needs of the baby. Even
though the evidence was of low quality it showed a pattern that was consistent with the
committee’s knowledge that showed better bone health (fractures and rickets) associated
with higher calcium intake particularly when the lower group received dosages below 0.8
mmol/kg/d. However, some caution should be applied, as there was a relationship between
serum calcium and phosphate levels. The committee agreed there was a lack of evidence to
support the preference for either 0.8 mmol/kg/d or 1.0 mmol/kg/d of calcium, compared to the
other. Therefore calcium in the range of 0.8-1.0mmol/kg/d was recommended, based on
informal consensus, which took in to consideration the restrictions on the amount of
phosphate that could be given to babies in the first 48 hours of life. Increases in calcium
after 48 hours to 1.5-2 mmol/kg/d were consistent with the recommended increases of
phosphate during the same time period (see below) and adhered to the recommended
calcium to phosphate ratio.

The committee considered the preference for higher amounts of phosphate in the early
stages, specifically for soft tissue growth, and to reduce the likelihood of hypercalcaemia.
However in practice, as phosphate is likely to be given in the form of sodium
glycerophosphate, corresponding increases in sodium intake occur and there is a potential
for electrolyte imbalance. It was agreed that babies aged less than 48 hours would be less
able to tolerate increases in sodium, specifically when contraction of the extracellular fluid
compartment and postnatal diuresis have not yet occurred. Therefore caution should be
applied and lower amounts of phosphate was recommended by informal consensus for
babies in the early stages. Phosphate at 1 mmol/kg/d was recommended by informal
consensus, increasing after 48 hours to 2 mmol/kg/d, when sodium may be better tolerated
by babies, and sodium restriction is no longer necessary. The committee acknowledged that
phosphate may be needed in higher dosage as the baby grows, and therefore if indicated by
low serum phosphate a higher dosage should be administered.

Given these dosages the committee agreed that the resulting ratio of 0.75:1 to 1:1 of calcium
to phosphate intake would be appropriate.

44 Cost effectiveness and resource use

45

46
a7
48

No economic studies were identified which were applicable to this review question.

The committee explained that recommendations pertaining to the provision of calcium and
phosphate components would not incur extra resource implications to the health care
system.

13
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The committee noted that optimising the relative amounts of calcium and phosphate for
neonatal PN may result in avoiding additional costs associated with adverse effects to the
NHS given that incorrect relative amounts of calcium and phosphate for neonatal PN can
result in an increased risk of rickets, fracture and hypercalciuria, and a decrease in bone
mineral density which may require resource-intensive management.

Although, the recommendations in this area reflect practice across many units and as such
cost savings to the NHS, if any, are likely to be negligible.

14
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1 Appendices

2 Appendix A — Review protocols

3 Review protocol for review question: What are the optimal target doses for calcium and phosphate in preterm and term
4 babies who are receiving parenteral nutrition and neonatal care?

5 Table 3: Evidence review protocol for calcium and phosphate

Field (based on PRISMA-P
Review question

Type of review question
Objective of the review

Eligibility criteria —
population/disease/condition/issue/doma
in

Eligibility criteria —
intervention(s)/exposure(s)/prognostic

Content

What are the optimal target dosages for calcium and phosphate in preterm and term babies who are receiving
parenteral nutrition and neonatal care?

Intervention

Inadequate amounts of calcium and phosphate delivered via PN may contribute to bone disease in preterm and
term babies. Delivery of calcium and phosphate should be adequate to achieve retention of amounts which
match those in utero, but at a concentration that does not result in adverse events. The aim of this review is to
determine the optimal dosages for calcium and phosphate in preterm and term babies who are receiving PN

e Babies born preterm, up to 28 days after their due birth date (preterm babies)
e Babies born at term, up to 28 days after their birth (term babies).

Any amount of calcium or phosphate (may be reported in a number of ways, for example (mmol/kg/day),
(mmols/ml of PN per day))

factor(s)

Eligibility criteria — comparator(s)/control  Each other
or reference (gold) standard

Outcomes and prioritisation Critical

e Metabolic bone disease of prematurity
e Fractures
o Growth/Anthropometric measures:
o Weight gain (g/kg/d)
o Linear growth
o Head circumference (mm)
o Adverse effects of PN:
o Hypercalcaemia

Parenteral nutrition in neonates: Evidence reviews for calcium and phosphate DRAFT
(September 2019) 16


http://www.prisma-statement.org/Extensions/Protocols.aspx

DRAFT FOR CONSULTATION
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Field (based on PRISMA-P

Eligibility criteria — study design

Other inclusion exclusion criteria

Proposed sensitivity/sub-group analysis,
or meta-regression

Selection process — duplicate
screening/selection/analysis

Data management (software)

Content
o Hypercalciuria
o Hyperphosphataemia (high blood level of phosphate)
o Hypophosphataemia
Important
o Mortality
Only published full text papers:
e Systematic reviews of RCTs
e RCTs
e Comparative cohort studies (only if RCTs unavailable or limited data to inform decision making)
e Conference abstracts will only be considered if related to RCTs
No sample size restriction
No date restriction
Subgroup analysis:
Population subgroups:
o Age of baby (first 2 weeks vs later)

o Preterm (extremely preterm <28 weeks’ GA; very preterm: 28-31 weeks’ GA; moderately preterm: 32-36
weeks’ GA)

o Birthweight: Low birth weight (< 25009); very low birth weight (< 1500g) and extremely low birth weight (<
1000g)

o Critically ill babies or those requiring surgery (for example, inotropic support, therapeutic hypothermia or fluid
restriction)

o First week of life and after first week of life?

Sifting, data extraction, appraisal of methodological quality and GRADE assessment will be performed by the
systematic reviewer. Quality control will be performed by the senior systematic reviewer.

A random sample of the references identified in the search will be sifted by a second reviewer. This sample size
will be 10% of the total, or 100 studies if the search identifies fewer than 1000 studies. All disagreements in

study inclusion will be discussed and resolved between the two reviewers. The senior systematic reviewer or
guideline lead will be involved if discrepancies cannot be resolved between the two reviewers.

Pairwise meta-analyses, if possible, will be performed using Cochrane Review Manager (RevMan5).
‘GRADEpro’ will be used to assess the quality of evidence for each outcome.

NGA STAR software will be used for generating bibliographies/citations, study sifting, data extraction and
recording quality assessment using checklists (ROBIS (systematic reviews and meta-analyses); Cochrane risk
of bias tool (RCTs or comparative cohort studies); Cochrane risk of bias tool (Non-randomised studies);
Newcastle-Ottawa scale (Non-comparative studies)).
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Field (based on PRISMA-P

Information sources — databases and
dates

Identify if an update
Author contacts

Highlight if amendment to previous
protocol

Search strategy — for one database

Data collection process —
forms/duplicate

Data items — define all variables to be
collected

Methods for assessing bias at
outcome/study level

Criteria for quantitative synthesis (where

suitable)

Methods for analysis — combining
studies and exploring (in)consistency

Meta-bias assessment — publication
bias, selective reporting bias

Assessment of confidence in cumulative

evidence

Rationale/context — Current
management

Content

Sources to be searched: Medline, Medline In-Process, CCTR, CDSR, DARE, HTA, Embase.

Limits (e.g. date, study design): All study designs. Apply standard animal/non-English language filters. No date
limit.

Supplementary search techniques: No supplementary search techniques were used.

See appendix B for full strategies.

This is not an update

Developer: The National Guideline Alliance

https://www.nice.org.uk/guidance/indevelopment/gid-ng10037

For details please see section 4.5 of Developing NICE guidelines: the manual 2014.

For details please see appendix B.

A standardised evidence table format will be used, and published as appendix D (clinical evidence tables) or H
(economic evidence tables).

For details please see appendix B.

Standard study checklists were used to critically appraise individual studies. For details please see section 6.2
of Developing NICE guidelines: the manual 2014.

The risk of bias across all available evidence was evaluated for each outcome using an adaptation of the
‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by the
international GRADE working group http://www.gradeworkinggroup.org/

For details please see section 6.4 of Developing NICE guidelines: the manual 2014.

For details of the methods please see supplementary material C.

For details please see section 6.2 of Developing NICE guidelines: the manual 2014.

If sufficient relevant RCT evidence is available, publication bias will be explored using RevMan software to
examine funnel plots.

Trial registries will be examined to identify missing evidence: Clinical trials.gov, NIHR Clinical Trials Gateway.
For details please see sections 6.4 and 9.1 of Developing NICE guidelines: the manual 2014.

For details please see the introduction to the evidence review.
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Field (based on PRISMA-P

Describe contributions of authors and
guarantor

Sources of funding/support
Name of sponsor
Roles of sponsor

PROSPERQO registration number

Content

A multidisciplinary committee developed the guideline. The committee was convened by The National Guideline
Alliance and chaired by Joe Fawke (Consultant Neonatologist and Honorary Senior Lecturer, University
Hospitals Leicester NHS Trust), in line with section 3 of Developing NICE guidelines: the manual 2014.

Staff from The National Guideline Alliance, undertook systematic literature searches, appraised the evidence,
conducted meta-analysis and cost-effectiveness analysis where appropriate, and drafted the guideline in
collaboration with the committee. For details of the methods please see supplementary material C.

The National Guideline Alliance is funded by NICE and hosted by The Royal College of Obstetricians and
Gynaecologists

The National Guideline Alliance is funded by NICE and hosted by The Royal College of Obstetricians and
Gynaecologists

NICE funds the National Guideline Alliance to develop guidelines for those working in the NHS, public health,
and social care in England

This review is not registered with PROSPERO

CDSR: Cochrane Database of Systematic Reviews; CCTR: Cochrane Controlled Trials Register; DARE: Database of Abstracts of Reviews of Effects; GA: gestational age;
GRADE: Grading of Recommendations Assessment, Development and Evaluation; HTA: Health Technology Assessment; NGA: National Guideline Alliance; NIHR: National
Institute for Health Research; NHS: National health service; NICE: National Institute for Health and Care Excellence; PN: Parenteral nutrition; PRISMA-P: preferred reporting
items for systematic review and meta-analysis protocols; PROSPERO: International prospective register of systematic reviews; RCT: randomised controlled trial; RoB: risk of
bias; ROBIS: risk of bias in systematic reviews; SD: standard deviation.
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1 Appendix B — Literature search strategies

2 Literature search strategy for review question: What are the optimal target
3 dosages for calcium and phosphate in preterm and term babies who are
4  receiving parenteral nutrition and neonatal care?

5 Databases: Medline; Medline EPub Ahead of Print; and Medline In-Process & Other Non-
6 Indexed Citations

3+

©CoO~NOULA~WNBE

29

30
31
32
33
34
35
36
37

Searches

INFANT, NEWBORN/

(neonat$ or newborn$ or new-born$ or baby or babies).ti,ab.

PREMATURE BIRTH/

((preterm$ or pre-term$ or prematur$ or pre-matur$) adj5 (birth? or born)).ab;ti.

exp INFANT, PREMATURE/

((preterm$ or pre-term$ or prematur$ or pre-matur$) adj5 infan$).ti,ab.

(pre#mie? or premie or premies).ti,ab.

exp INFANT, LOW BIRTH WEIGHT/

(low adj3 birth adj3 weigh$ adj5 infan$).ti,ab.

((LBW or VLBW) adj5 infan$).ti,ab.

INTENSIVE CARE, NEONATAL/

INTENSIVE CARE UNITS, NEONATAL/

NICU?.ti,ab.

or/1-13

PARENTERAL NUTRITION/

PARENTERAL NUTRITION, TOTAL/

PARENTERAL NUTRITION SOLUTIONS/

ADMINISTRATION, INTRAVENOUS/

INFUSIONS, INTRAVENOUS/

CATHETERIZATION, CENTRAL VENOUS/

exp CATHETERIZATION, PERIPHERAL/

(parenteral$ or intravenous$ or intra-venous$ or 1V or venous$ or infusion?).ti,ab.

((peripheral$ or central$) adj3 (line? or catheter$)).ti,ab.

drip?.ti,ab.

or/15-24

((Dose? or Dosage? or Regimen? or Amount? or Optimal$ or Optimis$ or Requir$ or Target? or Rate? or Increment$ or
Safe$ or Efficacy or Initiat$ or Start$ or Introduc$ or Receiv$ or Administer$) adj5 calcium).mp.

((mmol? or ml) adj3 (d or day) adj5 calcium).mp.

((Dose? or Dosage? or Regimen? or Amount? or Optimal$ or Optimis$ or Requir$ or Target? or Rate? or Increment$ or
Safe$ or Efficacy or Initiat$ or Start$ or Introduc$ or Receiv$ or Administer$) adj5 (Phosph$ or Apatite? or
Hydroxyapatite? or Durapatite or Calcium Pyrophosphate or Polyphosphate? or Diphosphate? or Calcium
Pyrophosphate or Technetium Tc 99m Pyrophosphate or Tin Polyphosphate? or Struvite)).mp.

((mmol? or ml) adj3 (d or day) adj5 (Phosph$ or Apatite? or Hydroxyapatite? or Durapatite or Calcium Pyrophosphate
or Polyphosphate? or Diphosphate? or Calcium Pyrophosphate or Technetium Tc 99m Pyrophosphate or Tin
Polyphosphate? or Struvite)).mp.

CALCIUM/ad [Administration & Dosage]

CALCIUM, DIETARY/ad [Administration & Dosage]

exp PHOSPHATES/ad [Administration & Dosage]

PHOSPHORUS/ad [Administration & Dosage]

PHOSPHORUS, DIETARY/ad [Administration & Dosage]

or/26-34

exp AMINO ACIDS/ and ratio?.ti,ab.

(ratio? adj10 (amino acid? or Alanine or Pantothenic Acid or Lysinoalanine or Mimosine or Chloromethyl Ketone? or
Aspartic Acid or Isoaspartic Acid or N-Methylaspartate or Potassium Magnesium Aspartate or Glutamate? or 1-
Carboxyglutamic Acid or Glutamic Acid or Sodium Glutamate or Pemetrexed or Polyglutamic Acid or
Pyrrolidonecarboxylic Acid or Arginine or Argininosuccinic Acid or Benzoylarginine-2-Naphthylamide or Benzoylarginine
Nitroanilide or Homoarginine or Nitroarginine or omega-N-Methylarginine or Tosylarginine Methyl Ester or Asparagine
or Glutamine or Proglumide or Lysine or Hydroxylysine or Polylysine or Ornithine or Eflornithine or Aminoisobutyric
Acids or Isoleucine or Leucine or Valine or 2-Amino-5-phosphonovalerate or Valsartan or Dextrothyroxine or
Phenylalanine or Dihydroxyphenylalanine or Cysteinyldopa or Levodopa or Methyldopa or Fenclonine or N-
Formylmethionine or p-Fluorophenylalanine or Thyroxine or Thyronine? or Diiodothyronine? or Triiodothyronine or
Tryptophan or 5-Hydroxytryptophan or Tyrosine or Betalain? or Betacyanin? or Diiodotyrosine or Melanin? or
Methyltyrosine? or Monoiodotyrosine or Phosphotyrosine or Cycloleucine or Desmosine or Histidine or Ergothioneine or
Methylhistidine? or Imino Acid? or Azetidinecarboxylic Acid or Proline or Captopril or Fosinopril or Hydroxyproline or
Technetium Tc 99m or Isodesmosine or NG-Nitroarginine Methyl Ester or Citrulline or Cystathionine or Cystine or
Diaminopimelic Acid or Homocystine or 2-Aminoadipic Acid or Carbocysteine or Methionine or Racemethionine or
Threonine or Phosphothreonine or Cysteine or Serine or Azaserine or Droxidopa or Enterobactin or Phosphoserine or
Cysteic Acid or Acetylcysteine or Selenocysteine or Ethionine or Homocysteine or S-Adenosylhomocysteine or S-
Adenosylmethionine or Buthionine Sulfoximine or Selenomethionine or Vitamin U or Penicillamine or S-Nitroso-N-
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#  Searches
Acetylpenicillamine or Thiorphan or Tiopronin or Aminobutyrate? or gamma-Aminobutyric Acid or Pregabalin or
Vigabatrin or Aminocaproate? or Aminocaproic Acid or Norleucine or Diazooxonorleucine or Aminolevulinic Acid or
Canavanine or Creatine or Phosphocreatine or Glycine? or Allylglycine or Glycocholic Acid or Glycodeoxycholic Acid or
Glycochenodeoxycholic Acid or Sarcosine or Homoserine or Kynurenine or Oxamic Acid or Phosphoamino Acid? or
Quisqualic Acid)).mp.

38 exp PHOSPHATES/ and ratio?.ti,ab.

39 PHOSPHORUS/ and ratio?.ti,ab.

40 PHOSPHORUS, DIETARY/ and ratio?.ti,ab.

41 (ratio? adj10 (Phosph$ or Apatite? or Hydroxyapatite? or Durapatite or Calcium Pyrophosphate or Polyphosphate? or
Diphosphate? or Calcium Pyrophosphate or Technetium Tc 99m Pyrophosphate or Tin Polyphosphate? or
Struvite)).mp.

42  (percent$ adj10 (Phosph$ or amino acid?)).mp.

43 (percent$ adj5 feed$).ti,ab.

44 0r/36-43

45 exp AMINO ACIDS/ and (exp PHOSPHATES/ or PHOSPHORUS/ or PHOSPHORUS, DIETARYY/)

46  ((amino acid? or Alanine or Pantothenic Acid or Lysinoalanine or Mimosine or Chloromethyl Ketone? or Aspartic Acid or
Isoaspartic Acid or N-Methylaspartate or Potassium Magnesium Aspartate or Glutamate? or 1-Carboxyglutamic Acid or
Glutamic Acid or Sodium Glutamate or Pemetrexed or Polyglutamic Acid or Pyrrolidonecarboxylic Acid or Arginine or
Argininosuccinic Acid or Benzoylarginine-2-Naphthylamide or Benzoylarginine Nitroanilide or Homoarginine or
Nitroarginine or omega-N-Methylarginine or Tosylarginine Methyl Ester or Asparagine or Glutamine or Proglumide or
Lysine or Hydroxylysine or Polylysine or Ornithine or Eflornithine or Aminoisobutyric Acids or Isoleucine or Leucine or
Valine or 2-Amino-5-phosphonovalerate or Valsartan or Dextrothyroxine or Phenylalanine or Dihydroxyphenylalanine or
Cysteinyldopa or Levodopa or Methyldopa or Fenclonine or N-Formylmethionine or p-Fluorophenylalanine or Thyroxine
or Thyronine? or Diiodothyronine? or Triiodothyronine or Tryptophan or 5-Hydroxytryptophan or Tyrosine or Betalain?
or Betacyanin? or Diiodotyrosine or Melanin? or Methyltyrosine? or Monoiodotyrosine or Phosphotyrosine or
Cycloleucine or Desmosine or Histidine or Ergothioneine or Methylhistidine? or Imino Acid? or Azetidinecarboxylic Acid
or Proline or Captopril or Fosinopril or Hydroxyproline or Technetium Tc 99m or Isodesmosine or NG-Nitroarginine
Methyl Ester or Citrulline or Cystathionine or Cystine or Diaminopimelic Acid or Homocystine or 2-Aminoadipic Acid or
Carbocysteine or Methionine or Racemethionine or Threonine or Phosphothreonine or Cysteine or Serine or Azaserine
or Droxidopa or Enterobactin or Phosphoserine or Cysteic Acid or Acetylcysteine or Selenocysteine or Ethionine or
Homocysteine or S-Adenosylhomocysteine or S-Adenosylmethionine or Buthionine Sulfoximine or Selenomethionine or
Vitamin U or Penicillamine or S-Nitroso-N-Acetylpenicillamine or Thiorphan or Tiopronin or Aminobutyrate? or gamma-
Aminobutyric Acid or Pregabalin or Vigabatrin or Aminocaproate? or Aminocaproic Acid or Norleucine or
Diazooxonorleucine or Aminolevulinic Acid or Canavanine or Creatine or Phosphocreatine or Glycine? or Allylglycine or
Glycocholic Acid or Glycodeoxycholic Acid or Glycochenodeoxycholic Acid or Sarcosine or Homoserine or Kynurenine
or Oxamic Acid or Phosphoamino Acid? or Quisqualic Acid) adj5 (Phosph$ or Apatite? or Hydroxyapatite? or
Durapatite or Calcium Pyrophosphate or Polyphosphate? or Diphosphate? or Calcium Pyrophosphate or Technetium
Tc 99m Pyrophosphate or Tin Polyphosphate? or Struvite)).mp.

47  or/45-46

48 14 and 25 and 35

49 14 and 25 and 44

50 14 and 25 and 47

51 or/48-50

52 limit 51 to english language
53 LETTER/

54 EDITORIAL/

55 NEWS/

56 exp HISTORICAL ARTICLE/
57 ANECDOTES AS TOPIC/
58 COMMENT/

59 CASE REPORT/

60 (letter or comment®).ti.

61 or/53-60
62 RANDOMIZED CONTROLLED TRIAL/ or random*.ti,ab.
63 61 not 62

64 ANIMALS/ not HUMANS/

65 exp ANIMALS, LABORATORY/

66 exp ANIMAL EXPERIMENTATION/
67 exp MODELS, ANIMAL/

68 exp RODENTIA/

69 (rat or rats or mouse or mice).ti.

70 or/63-69

71 52 not 70

2 Databases: Embase; and Embase Classic
# Searches
1 NEWBORN/
2 (neonat$ or newborn$ or new-born$ or baby or babies).ti,ab.
3 PREMATURITY/
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28

29
30
31
32
33
34
35
36

37
38
39
40

41
42
43
44
45

Searches

((preterm$ or pre-term$ or prematur$ or pre-matur$) adj5 (birth? or born)).ab;ti.

((preterm$ or pre-term$ or prematur$ or pre-matur$) adj5 infan$).ti,ab.

(pre#mie? or premie or premies).ti,ab.

exp LOW BIRTH WEIGHT/

(low adj3 birth adj3 weigh$ adj5 infan$).ti,ab.

((LBW or VLBW) adj5 infan$).ti,ab.

NEWBORN INTENSIVE CARE/

NEONATAL INTENSIVE CARE UNIT/

NICU?.ti,ab.

or/1-12

PARENTERAL NUTRITION/

TOTAL PARENTERAL NUTRITION/

PERIPHERAL PARENTERAL NUTRITION/

PARENTERAL SOLUTIONS/

INTRAVENOUS FEEDING/

INTRAVENOUS DRUG ADMINISTRATION/

exp INTRAVENOUS CATHETER/

(parenteral$ or intravenous$ or intra-venous$ or 1V or venous$ or infusion?).ti,ab.

((peripheral$ or central$) adj3 (line? or catheter$)).ti,ab.

drip?.ti,ab.

or/14-23

((Dose? or Dosage? or Regimen? or Amount? or Optimal$ or Optimis$ or Requir$ or Target? or Rate? or Increment$ or
Safe$ or Efficacy or Initiat$ or Start$ or Introduc$ or Receiv$ or Administer$) adj5 calcium).mp.

((mmol? or ml) adj3 (d or day) adj5 calcium).mp.

((Dose? or Dosage? or Regimen? or Amount? or Optimal$ or Optimis$ or Requir$ or Target? or Rate? or Increment$ or
Safe$ or Efficacy or Initiat$ or Start$ or Introduc$ or Receiv$ or Administer$) adj5 (Phosph$ or Apatite? or
Hydroxyapatite? or Durapatite or Calcium Pyrophosphate or Polyphosphate? or Diphosphate? or Calcium
Pyrophosphate or Technetium Tc 99m Pyrophosphate or Tin Polyphosphate? or Struvite)).mp.

((mmol? or ml) adj3 (d or day) adj5 (Phosph$ or Apatite? or Hydroxyapatite? or Durapatite or Calcium Pyrophosphate
or Polyphosphate? or Diphosphate? or Calcium Pyrophosphate or Technetium Tc 99m Pyrophosphate or Tin
Polyphosphate? or Struvite)).mp.

CALCIUM/ad, do [Drug Administration, Drug Dose]

CALCIUM INTAKE/

PHOSPHATE/ad, do [Drug Administration, Drug Dose]

PHOSPHORUS/ad, do [Drug Administration, Drug Dose]

PHOSPHATE INTAKE/

or/25-33

exp *AMINO ACIDS/ and ratio?.ti,ab.

(ratio? adj10 (amino acid? or Alanine or Pantothenic Acid or Lysinoalanine or Mimosine or Chloromethyl Ketone? or
Aspartic Acid or Isoaspartic Acid or N-Methylaspartate or Potassium Magnesium Aspartate or Glutamate? or 1-
Carboxyglutamic Acid or Glutamic Acid or Sodium Glutamate or Pemetrexed or Polyglutamic Acid or
Pyrrolidonecarboxylic Acid or Arginine or Argininosuccinic Acid or Benzoylarginine-2-Naphthylamide or Benzoylarginine
Nitroanilide or Homoarginine or Nitroarginine or omega-N-Methylarginine or Tosylarginine Methyl Ester or Asparagine
or Glutamine or Proglumide or Lysine or Hydroxylysine or Polylysine or Ornithine or Eflornithine or Aminoisobutyric
Acids or Isoleucine or Leucine or Valine or 2-Amino-5-phosphonovalerate or Valsartan or Dextrothyroxine or
Phenylalanine or Dihydroxyphenylalanine or Cysteinyldopa or Levodopa or Methyldopa or Fenclonine or N-
Formylmethionine or p-Fluorophenylalanine or Thyroxine or Thyronine? or Diiodothyronine? or Triiodothyronine or
Tryptophan or 5-Hydroxytryptophan or Tyrosine or Betalain? or Betacyanin? or Diiodotyrosine or Melanin? or
Methyltyrosine? or Monoiodotyrosine or Phosphotyrosine or Cycloleucine or Desmosine or Histidine or Ergothioneine or
Methylhistidine? or Imino Acid? or Azetidinecarboxylic Acid or Proline or Captopril or Fosinopril or Hydroxyproline or
Technetium Tc 99m or Isodesmosine or NG-Nitroarginine Methyl Ester or Citrulline or Cystathionine or Cystine or
Diaminopimelic Acid or Homocystine or 2-Aminoadipic Acid or Carbocysteine or Methionine or Racemethionine or
Threonine or Phosphothreonine or Cysteine or Serine or Azaserine or Droxidopa or Enterobactin or Phosphoserine or
Cysteic Acid or Acetylcysteine or Selenocysteine or Ethionine or Homocysteine or S-Adenosylhomocysteine or S-
Adenosylmethionine or Buthionine Sulfoximine or Selenomethionine or Vitamin U or Penicillamine or S-Nitroso-N-
Acetylpenicillamine or Thiorphan or Tiopronin or Aminobutyrate? or gamma-Aminobutyric Acid or Pregabalin or
Vigabatrin or Aminocaproate? or Aminocaproic Acid or Norleucine or Diazooxonorleucine or Aminolevulinic Acid or
Canavanine or Creatine or Phosphocreatine or Glycine? or Allylglycine or Glycocholic Acid or Glycodeoxycholic Acid or
Glycochenodeoxycholic Acid or Sarcosine or Homoserine or Kynurenine or Oxamic Acid or Phosphoamino Acid? or
Quisqualic Acid)).mp.

PHOSPHATE/ and ratio?.ti,ab.

PHOSPHORUS/ and ratio?.ti,ab.

PHOSPHATE INTAKE/ and ratio?.ti,ab.

(ratio? adj10 (Phosph$ or Apatite? or Hydroxyapatite? or Durapatite or Calcium Pyrophosphate or Polyphosphate? or
Diphosphate? or Calcium Pyrophosphate or Technetium Tc 99m Pyrophosphate or Tin Polyphosphate? or
Struvite)).mp.

(percent$ adj10 (Phosph$ or amino acid?)).mp.

(percent$ adj5 feed$).ti,ab.

or/35-42

exp AMINO ACIDS/ and (PHOSPHATE/ or PHOSPHORUS/ or PHOSPHATE INTAKE/)

((amino acid? or Alanine or Pantothenic Acid or Lysinoalanine or Mimosine or Chloromethyl Ketone? or Aspartic Acid or
Isoaspartic Acid or N-Methylaspartate or Potassium Magnesium Aspartate or Glutamate? or 1-Carboxyglutamic Acid or
Glutamic Acid or Sodium Glutamate or Pemetrexed or Polyglutamic Acid or Pyrrolidonecarboxylic Acid or Arginine or
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46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

Searches

Argininosuccinic Acid or Benzoylarginine-2-Naphthylamide or Benzoylarginine Nitroanilide or Homoarginine or
Nitroarginine or omega-N-Methylarginine or Tosylarginine Methyl Ester or Asparagine or Glutamine or Proglumide or
Lysine or Hydroxylysine or Polylysine or Ornithine or Eflornithine or Aminoisobutyric Acids or Isoleucine or Leucine or
Valine or 2-Amino-5-phosphonovalerate or Valsartan or Dextrothyroxine or Phenylalanine or Dihydroxyphenylalanine or
Cysteinyldopa or Levodopa or Methyldopa or Fenclonine or N-Formylmethionine or p-Fluorophenylalanine or Thyroxine
or Thyronine? or Diiodothyronine? or Triiodothyronine or Tryptophan or 5-Hydroxytryptophan or Tyrosine or Betalain?
or Betacyanin? or Diiodotyrosine or Melanin? or Methyltyrosine? or Monoiodotyrosine or Phosphotyrosine or
Cycloleucine or Desmosine or Histidine or Ergothioneine or Methylhistidine? or Imino Acid? or Azetidinecarboxylic Acid
or Proline or Captopril or Fosinopril or Hydroxyproline or Technetium Tc 99m or Isodesmosine or NG-Nitroarginine
Methyl Ester or Citrulline or Cystathionine or Cystine or Diaminopimelic Acid or Homocystine or 2-Aminoadipic Acid or
Carbocysteine or Methionine or Racemethionine or Threonine or Phosphothreonine or Cysteine or Serine or Azaserine
or Droxidopa or Enterobactin or Phosphoserine or Cysteic Acid or Acetylcysteine or Selenocysteine or Ethionine or
Homocysteine or S-Adenosylhomocysteine or S-Adenosylmethionine or Buthionine Sulfoximine or Selenomethionine or
Vitamin U or Penicillamine or S-Nitroso-N-Acetylpenicillamine or Thiorphan or Tiopronin or Aminobutyrate? or gamma-
Aminobutyric Acid or Pregabalin or Vigabatrin or Aminocaproate? or Aminocaproic Acid or Norleucine or
Diazooxonorleucine or Aminolevulinic Acid or Canavanine or Creatine or Phosphocreatine or Glycine? or Allylglycine or
Glycocholic Acid or Glycodeoxycholic Acid or Glycochenodeoxycholic Acid or Sarcosine or Homoserine or Kynurenine
or Oxamic Acid or Phosphoamino Acid? or Quisqualic Acid) adj5 (Phosph$ or Apatite? or Hydroxyapatite? or
Durapatite or Calcium Pyrophosphate or Polyphosphate? or Diphosphate? or Calcium Pyrophosphate or Technetium
Tc 99m Pyrophosphate or Tin Polyphosphate? or Struvite)).mp.

or/44-45

13 and 24 and 34

13 and 24 and 43

13 and 24 and 46

or/47-49

limit 50 to english language

letter.pt. or LETTER/

note.pt.

editorial.pt.

CASE REPORT/ or CASE STUDY/

(letter or comment*).ti.

or/52-56

RANDOMIZED CONTROLLED TRIAL/ or random*.ti,ab.

57 not 58

ANIMAL/ not HUMAN/

NONHUMAN/

exp ANIMAL EXPERIMENT/

exp EXPERIMENTAL ANIMAL/

ANIMAL MODEL/

exp RODENT/

(rat or rats or mouse or mice).ti.

or/59-66

51 not 67

2 Databases: Cochrane Central Register of Controlled Trials; Cochrane Database of
Systematic Reviews; Database of Abstracts of Reviews of Effects; and Health
Technology Assessment

3
4

P OO~NOOORN~WNR S

Searches

MeSH descriptor: [INFANT, NEWBORN] this term only

(neonat* or newborn* or new-born* or baby or babies):ti,ab

MeSH descriptor: [PREMATURE BIRTH] this term only

((preterm* or pre-term* or prematur* or pre-matur*) near/5 (birth? or born)):ti,ab
MeSH descriptor: [INFANT, PREMATURE] explode all trees

((preterm* or pre-term* or prematur* or pre-matur*) near/5 infan*):ti,ab
(pre#mie? or premie or premies):ti,ab

MeSH descriptor: [INFANT, LOW BIRTH WEIGHT] explode all trees

(low near/3 birth near/3 weigh* near/5 infan*):ti,ab

((LBW or VLBW) near/5 infan*):ti,ab

MeSH descriptor: [INTENSIVE CARE, NEONATAL] this term only

MeSH descriptor: [INTENSIVE CARE UNITS, NEONATAL] this term only
NICU?:ti,ab

#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13
MeSH descriptor: [PARENTERAL NUTRITION] this term only

MeSH descriptor: [PARENTERAL NUTRITION, TOTAL] this term only
MeSH descriptor: [PARENTERAL NUTRITION SOLUTIONS] this term only
MeSH descriptor: [ADMINISTRATION, INTRAVENOUS] this term only
MeSH descriptor: [INFUSIONS, INTRAVENOUS] this term only

MeSH descriptor: [CATHETERIZATION, CENTRAL VENOUS] this term only
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21
22
23
24
25
26

27
28

29

30
31
32
33
34
35
36
37
38
39

40
41
42
43
44
45
46

47
48
49
50
51
52
53
54
55
56

Searches

MeSH descriptor: [CATHETERIZATION, PERIPHERAL] explode all trees

(parenteral* or intravenous* or intra-venous* or IV or venous* or infusion?):ti,ab

((peripheral* or central*) near/3 (line? or catheter*)):ti,ab

drip?:ti,ab

#15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24

((Dose? or Dosage? or Regimen? or Amount? or Optimal* or Optimis* or Requir* or Target? or Rate? or Increment* or
Safe* or Efficacy or Initiat* or Start* or Introduc* or Receiv* or Administer*) near/5 calcium):ti,ab

((mmol? or ml) near/3 (d or day) near/5 calcium):ti,ab

((Dose? or Dosage? or Regimen? or Amount? or Optimal* or Optimis* or Requir* or Target? or Rate? or Increment* or
Safe* or Efficacy or Initiat* or Start* or Introduc* or Receiv* or Administer*) near/5 (Phosph* or Apatite? or
Hydroxyapatite? or Durapatite or Calcium Pyrophosphate or Polyphosphate? or Diphosphate? or Calcium
Pyrophosphate or Technetium Tc 99m Pyrophosphate or Tin Polyphosphate? or Struvite)):ti,ab

((mmol? or ml) near/3 (d or day) near/5 (Phosph* or Apatite? or Hydroxyapatite? or Durapatite or Calcium
Pyrophosphate or Polyphosphate? or Diphosphate? or Calcium Pyrophosphate or Technetium Tc 99m Pyrophosphate
or Tin Polyphosphate? or Struvite)):ti,ab

MeSH descriptor: [CALCIUM] this term only and with qualifier(s): [Administration & dosage - AD]

MeSH descriptor: [CALCIUM, DIETARY] this term only and with qualifier(s): [Administration & dosage - AD]

MeSH descriptor: [PHOSPHATES] explode all trees and with qualifier(s): [Administration & dosage - AD]

MeSH descriptor: [PHOSPHORUS] this term only and with qualifier(s): [Administration & dosage - AD]

MeSH descriptor: [PHOSPHORUS, DIETARY] this term only and with qualifier(s): [Administration & dosage - AD]

#26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34

MeSH descriptor: [AMINO ACIDS] explode all trees

ratio?:ti,ab

#36 and #37

(ratio? near/10 (amino acid? or Alanine or Pantothenic Acid or Lysinoalanine or Mimosine or Chloromethyl Ketone? or
Aspartic Acid or Isoaspartic Acid or N-Methylaspartate or Potassium Magnesium Aspartate or Glutamate? or 1-
Carboxyglutamic Acid or Glutamic Acid or Sodium Glutamate or Pemetrexed or Polyglutamic Acid or
Pyrrolidonecarboxylic Acid or Arginine or Argininosuccinic Acid or Benzoylarginine-2-Naphthylamide or Benzoylarginine
Nitroanilide or Homoarginine or Nitroarginine or omega-N-Methylarginine or Tosylarginine Methyl Ester or Asparagine
or Glutamine or Proglumide or Lysine or Hydroxylysine or Polylysine or Ornithine or Eflornithine or Aminoisobutyric
Acids or Isoleucine or Leucine or Valine or 2-Amino-5-phosphonovalerate or Valsartan or Dextrothyroxine or
Phenylalanine or Dihydroxyphenylalanine or Cysteinyldopa or Levodopa or Methyldopa or Fenclonine or N-
Formylmethionine or p-Fluorophenylalanine or Thyroxine or Thyronine? or Diiodothyronine? or Triiodothyronine or
Tryptophan or 5-Hydroxytryptophan or Tyrosine or Betalain? or Betacyanin? or Diiodotyrosine or Melanin? or
Methyltyrosine? or Monoiodotyrosine or Phosphotyrosine or Cycloleucine or Desmosine or Histidine or Ergothioneine or
Methylhistidine? or Imino Acid? or Azetidinecarboxylic Acid or Proline or Captopril or Fosinopril or Hydroxyproline or
Technetium Tc 99m or Isodesmosine or NG-Nitroarginine Methyl Ester or Citrulline or Cystathionine or Cystine or
Diaminopimelic Acid or Homocystine or 2-Aminoadipic Acid or Carbocysteine or Methionine or Racemethionine or
Threonine or Phosphothreonine or Cysteine or Serine or Azaserine or Droxidopa or Enterobactin or Phosphoserine or
Cysteic Acid or Acetylcysteine or Selenocysteine or Ethionine or Homocysteine or S-Adenosylhomocysteine or S-
Adenosylmethionine or Buthionine Sulfoximine or Selenomethionine or Vitamin U or Penicillamine or S-Nitroso-N-
Acetylpenicillamine or Thiorphan or Tiopronin or Aminobutyrate? or gamma-Aminobutyric Acid or Pregabalin or
Vigabatrin or Aminocaproate? or Aminocaproic Acid or Norleucine or Diazooxonorleucine or Aminolevulinic Acid or
Canavanine or Creatine or Phosphocreatine or Glycine? or Allylglycine or Glycocholic Acid or Glycodeoxycholic Acid or
Glycochenodeoxycholic Acid or Sarcosine or Homoserine or Kynurenine or Oxamic Acid or Phosphoamino Acid? or
Quisqualic Acid)):ti,ab

MeSH descriptor: [PHOSPHATES] explode all trees

MeSH descriptor: [PHOSPHORUS] this term only

MeSH descriptor: [PHOSPHORUS, DIETARY] this term only

#40 or #41 or #42

ratio?:ti,ab

#43 and #44

(ratio? near/10 (Phosph* or Apatite? or Hydroxyapatite? or Durapatite or Calcium Pyrophosphate or Polyphosphate? or
Diphosphate? or Calcium Pyrophosphate or Technetium Tc 99m Pyrophosphate or Tin Polyphosphate? or
Struvite)):ti,ab

(percent* near/10 (Phosph* or amino acid?)):ti,ab

(percent* near/5 feed*):ti,ab

#38 or #39 or #45 or #46 or #47 or #48

MeSH descriptor: [AMINO ACIDS] explode all trees

MeSH descriptor: [PHOSPHATES] explode all trees

MeSH descriptor: [PHOSPHORUS] this term only

MeSH descriptor: [PHOSPHORUS, DIETARY] this term only

#51 or #52 or #53

#50 and #54

((amino acid? or Alanine or Pantothenic Acid or Lysinoalanine or Mimosine or Chloromethyl Ketone? or Aspartic Acid or
Isoaspartic Acid or N-Methylaspartate or Potassium Magnesium Aspartate or Glutamate? or 1-Carboxyglutamic Acid or
Glutamic Acid or Sodium Glutamate or Pemetrexed or Polyglutamic Acid or Pyrrolidonecarboxylic Acid or Arginine or
Argininosuccinic Acid or Benzoylarginine-2-Naphthylamide or Benzoylarginine Nitroanilide or Homoarginine or
Nitroarginine or omega-N-Methylarginine or Tosylarginine Methyl Ester or Asparagine or Glutamine or Proglumide or
Lysine or Hydroxylysine or Polylysine or Ornithine or Eflornithine or Aminoisobutyric Acids or Isoleucine or Leucine or
Valine or 2-Amino-5-phosphonovalerate or Valsartan or Dextrothyroxine or Phenylalanine or Dihydroxyphenylalanine or
Cysteinyldopa or Levodopa or Methyldopa or Fenclonine or N-Formylmethionine or p-Fluorophenylalanine or Thyroxine
or Thyronine? or Diiodothyronine? or Triiodothyronine or Tryptophan or 5-Hydroxytryptophan or Tyrosine or Betalain?
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or Betacyanin? or Diiodotyrosine or Melanin? or Methyltyrosine? or Monoiodotyrosine or Phosphotyrosine or
Cycloleucine or Desmosine or Histidine or Ergothioneine or Methylhistidine? or Imino Acid? or Azetidinecarboxylic Acid
or Proline or Captopril or Fosinopril or Hydroxyproline or Technetium Tc 99m or Isodesmosine or NG-Nitroarginine
Methyl Ester or Citrulline or Cystathionine or Cystine or Diaminopimelic Acid or Homocystine or 2-Aminoadipic Acid or
Carbocysteine or Methionine or Racemethionine or Threonine or Phosphothreonine or Cysteine or Serine or Azaserine
or Droxidopa or Enterobactin or Phosphoserine or Cysteic Acid or Acetylcysteine or Selenocysteine or Ethionine or
Homocysteine or S-Adenosylhomocysteine or S-Adenosylmethionine or Buthionine Sulfoximine or Selenomethionine or
Vitamin U or Penicillamine or S-Nitroso-N-Acetylpenicillamine or Thiorphan or Tiopronin or Aminobutyrate? or gamma-
Aminobutyric Acid or Pregabalin or Vigabatrin or Aminocaproate? or Aminocaproic Acid or Norleucine or
Diazooxonorleucine or Aminolevulinic Acid or Canavanine or Creatine or Phosphocreatine or Glycine? or Allylglycine or
Glycocholic Acid or Glycodeoxycholic Acid or Glycochenodeoxycholic Acid or Sarcosine or Homoserine or Kynurenine
or Oxamic Acid or Phosphoamino Acid? or Quisqualic Acid) near/5 (Phosph* or Apatite? or Hydroxyapatite? or
Durapatite or Calcium Pyrophosphate or Polyphosphate? or Diphosphate? or Calcium Pyrophosphate or Technetium
Tc 99m Pyrophosphate or Tin Polyphosphate? or Struvite)):ti,ab

57  #55 or #56

58 #14 and #25 and #35

59 #14 and #25 and #49

60 #14 and #25 and #57

61 #58 or #59 or #60
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1 Appendix C — Clinical evidence study selection

2 Clinical evidence study selection for review question: What are the optimal target
3 dosages for calcium and phosphate in preterm and term babies who are
4  receiving parenteral nutrition and neonatal care?

Figure 1: PRISMA flow chart of clinical article selection for review question on optimal
target dosages for calcium and phosphate.

Titles and abstracts
identified, N= 629

: ¢

Full copies retrieved Excluded, N=519
and assessed for (not relevant population,
eligibility, N= 110 design, intervention,

comparison, outcomes,
unable to retrieve)

y

Publications included Publications excluded
in review, N=7 from review, N= 103
(refer to excluded
studies list)
5
6
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1 Appendix D — Clinical evidence tables

2 Clinical evidence table for review question: What are the optimal target dosages for calcium and phosphate in preterm and
3 term babies who are receiving parenteral nutrition and neonatal care?

4  Table 4: Clinical evidence table

Study details

Aiken, G., Lenney, W.,
Calcium and
phosphate content of
intravenous feeding
regimens for very low
birthweight infants,
Archives of disease in
childhood, 61, 495-
501, 1986

Ref Id

606272

Country/ies where the
study was carried out

UK

Study type
RCT

Aim of the study

To test whether the
increase of calcium
and phosphate
contained in IF
decrease the
likelihood for
premature infants to

Participants

Sample size
Regimen A: n=5 and
Regimen B: n=10

Characteristics

Infants' birth weight <
1500g when started the IF.

Inclusion criteria

Premature infants receiving
IF exclusively.

Exclusion criteria

Premature infants who were
not fed exclusively with IF.

Interventions

Intravenous feeding (IF)
consisted of 10%
Vamin-dextrose solution
beginning on day 3 at a
rate of 120ml/kg/day
and Intralipid 20%
solution beginning on
day 5 given at 10-15
ml/kg/day. The intralipid
20% solution was
composed of 100 ml
intralipid 20% and 10 ml|
vitlipid infant and
provided a vitamin D2
intake of roughly
100U/kg/day. This was
identical for the two
arms except of the
calcium and phosphate
intakes.

Regimen A: calcium:
0.55 mmol/kg/day and
phosphate: 0.44
mmol/kg/day (n=5).

Methods

Regimen A was
stopped after day 10
because biochemical
and clinical problems
were encountered.

One infant developed
frank radiological
rickets while on IF and
one developed mild
radiological rickets
after the period of IF.

Two further babies had
plasma phosphate
concentration
persistently below 1.2
mmol/l (3.7 mg/100ml)
after the period of
feeding and these
required phosphate
supplementation.

The duration of IF
varied from 26-75
days and 8 infants

Parenteral nutrition in neonates: Evidence reviews for calcium and phosphate DRAFT
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Outcomes and
Results

(Regimen A vs
Regimen B, results
assessed between
11 and 30 days after
starting the IF),

Birth weight(g):
Regimen A: 1067,
SD 239

Regimen B: 1066,
SD 198

Weight gain
(g/kg/day):
Regimen A: 11.3,
SD 3 Regimen B:
13,SD 1.7

Fracture: Rib
fracture developed
in 1 infant given
Regimen A

Rickets: Rickets
developed in 2
babies given
Regimen A and 2
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Comments

Limitations

Risk of bias
assessment:

Random sequence
allocation: Unclear

Allocation
concealment: High-risk

Blinding of participants
and personnel: Unclear

Blinding of outcome
assessment: Unclear

Incomplete outcome
data: Unclear

Selective reporting:
Unclear

Anything else-ideally
prespecified: High-risk

Other information
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Study details
experience poor bone
mineralisation and
develop osteopenia
and rickets.

Study dates

Not reported (definitely

before 1986).

Source of funding
Royal Alexandra
Hospital Centenary
Fund.

Koo, W. W., Tsang, R.
C., Steichen, J. J.,
Succop, P., Babcock,
D., Oestreich, A. E.,
Noseworthy, J., Horn,
J., Farrell, M. K.,
Parenteral nutrition for
infants: effect of high
versus low calcium
and phosphorus
content, Journal of
pediatric
gastroenterology and
nutrition, 6, 96-104,
1987

Ref Id

606449

Country/ies where the
study was carried out

USA

Participants

Total n = 18.

Characteristics

All infants received 25 U
vitamin D2
(ergocalciferol)/dl of amino
acid-dextrose solution. The
contents of the nutrient
infusate were the same,
except for calcium and
phosphorus. Infants with
surgical indications for
parenteral nutrition. No
significant differences on
key variables at baseline
between the two arms
(intervention and control).

Inclusion criteria
Not reported.

Interventions

Regimen B: calcium:
1.08 and 0.89
mmol/kg/day (n=10).

High Ca and P infusate:
(15mM each; 80 mg Ca
and 60 mg P/dl) (n =9).
[1.5-1.9 mmol/kg/d Ca
and 1.5- 2.0
mmol/kg/day Ph]

Low Ca and P infusate
(standard solution):
(5mM each; 20 mg Ca
and 15.5 mg P/dI) (n =
9). [0.5 mmol/kg/day
Ca, and 0.3
mmol/kg/day Ph]

Methods

received it for more
than 40 days.

No significant
differences regarding
the differences of the
two groups in the rate
of change of body
weight and head
circumference are
reported.

Parenteral nutrition in neonates: Evidence reviews for calcium and phosphate DRAFT
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Outcomes and
Results

babies given
Regimen B.

Weight gained/day
(9):

High: 19.0, SEM 5.0
[Calculated SD: 15]
Low: 19.5, SEM 5.1
[Calculated SD:
15.3]
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Comments

Concentration of urine
calcium and phosphate
are reported and
expressed as
mmol/mmol creatinine.

Limitations
Risk of bias
assessment:

Random sequence
allocation: Low-risk

Allocation
concealment: Unclear

Blinding of participants
and personnel: High-
risk

Blinding of outcome
assessment: High-risk

Incomplete outcome
data: Unclear
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Study details Participants

Exclusion criteria
Study type Not reported.
RCT

Aim of the study

to test whether high
concentrations of
calcium and
phosphorus in the
infusate delivery
quantities of calcium
and phosphorus, in a
combination at or
above the reported
calcium and
phosphorus retention
in human milk, would
result in little metabolic
stress for calcium and
phosphorus
haemostatic
mechanisms.

Study dates

Not reported (before
1987).

Source of funding
Research grants (NIH
IROI HD 18505-01A1,
NIH RR 00123, and
NIH RR 00068.

Koo, W.W., Tsang, R. N=26
C., Succop, P., Krug-

Interventions

Interventions

Methods

Details
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Outcomes and
Results

Results
Fracture:

Comments

Selective reporting:
Unclear

Anything else-ideally
pre-specified: High-risk

Other information

Number of dropouts
are not reported. It is
not explicitly reported
that participants were
not receiving oral
intakes during this
study (potentially this
study could be
excluded)

Amounts of calcium
and phosphorous have
been converted by
calculation into
mmol/kg/day at a PN
intake of 100ml/kg/day

Limitations
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Study details

Wispe, S. K., Babcock,
D., Oestreich, A. E.,
Minimal vitamin D and
high calcium and
phosphorus needs of
preterm infants
receiving parenteral
nutrition, Journal of
pediatric
gastroenterology and
nutrition, 8, 225-33,
1989

Ref Id

393852

Country/ies where the
study was carried out

USA

Study type
RCT

Aim of the study

To determine the
adequacy of
parenteral nutrition
infusates given to
small preterm infants
with fixed, low dose
Vitamin D and two
combinations of
calcium and
phosphorous

Study dates

Participants

(N=13; high dose: N=12;
low dose)

*two infants were changed
to the high-dose calcium
and phosphorous infusate
at 22 and 68 days on
request from their clinicians
because of severe
hypophosphataemia (serum
phosphorous level <2.5
mg/dl)

Characteristics

Race (white/black)(b): [(b)
cross tabular analysis,
p>0.05]

High dose: 11/2

Low dose: 11/1

Sex (male/female)(b): [(b)
cross tabular analysis,
p>0.05]

High dose: 6/7

Low dose: 5/7

Gestation (wk)(c): [(c)
student's t-test, p>0.05]
High dose: 28.8, SEM 1.0
Low dose: 29, SEM 1.0
Birth weight (g)(d): [(d)
Wilcoxon two-group rank
test, p>0.05]

High dose: 1,065, SEM 124
Low dose: 1,115, SEM 140
Age at entry (days)(d): [(d)
Wilcoxon two-group rank
test, p>0.05]

Interventions

High Dose Ca and P:
15mM each (60mg/dl of
Ca and 46.5 mg/dl of P)
[1.5 mmol/kg/d Ca and
1.5 mmol/kg/d P]

Low dose Ca and P:
standard solution in use
at CHMC: 5mM each
(20mg/dl of Ca and 15
mg/dl of P) [0.5
mmol/kg/day Ca and P]

Outcomes and

Methods Results
All infants received 25 1 infant on Low-
IU of vitamin D2 dose Ca/P;

Fractured distal left
ulna noted on the
forearm radiograph
and additional
fracture involving
the shaft of the right
humerus 1 week
later when the infant
was tolerating
enteral feeding.

The Ca and P content
of the high dose
solution was increased
over 2 days, beginning
at 80%

Enteral feedings were
attempted for all infants
whenever possible,
and these were
recorded. Therefore 18
infants were enrolled
after 9, SD 1.8 days of
supplemental PN
(when they could not
tolerate adequate
enteral feeds)

Statistical Methods:

Contingency tables
were analysed to test
for group differences in
discrete variables. The
Wilcoxon two-group
rank sum test was
used for comparing
groups with non-
normally distributed
variables. The
unpaired Student's t
test was performed for
normally distributed
variables. A random
coefficient regression
(RCR) model was used
for the replicated
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Comments

Risk of bias
assessment:
Random sequence
allocation: Unclear

Allocation
concealment: Unclear

Blinding of participants
and personnel: High-
risk

Blinding of outcome
assessment: Low-risk

Incomplete outcome
data: Unclear

Selective reporting:
Unclear

Anything else-ideally
pre-specified: High-risk

Other information

Amounts of calcium
and phosphorous have
been converted by
calculation into
mmol/kg/day at a PN
intake of 100ml/kg/day
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Study details
Not reported

Source of funding

Supported by

grants from the
National Institutes of
Health.

Participants
High dose: 20, SEM 5.5
Low dose: 18, SEM 4.1

Weight at entry (g)(c): [(c)
student's t-test, p>0.05]
High dose: 1,173, SEM 147
Low dose: 1,082, SEM 115
Maximum infusate volume
(ml/kg/day)(c): [(c) student's
t-test, p>0.05]

High dose: 124, SEM 4.6
Low dose: 123, SEM 5.3
Maximum vitamin D infused
(IU/kg/day)(c): [(c) student's
t-test, p>0.05]

High dose: 31, SEM 1.2
Low dose: 31, SEM 1.3

Enteral intake during study
(kcal/kg/day) (e): [(e)
enteral intake was the
infant's own mother's milk
(n=4) or standard 20-
kcal/oz. cow's milk formula
(n=12). Six infants received
protein hydrolysate and
another received a preterm
infant formula. ten infants
also received a
glucose/electrolyte solution
as a supplement to milk
feedings]

High dose: 12, SEM 3.4
Low dose: 12, SEM 2.9 [LD]

Enteral vitamin D intake
during study (IU/day):

Interventions

Methods

serum and urine
measured. Values are
reported as mean,
SEM.
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Outcomes and
Results

Comments
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Study details

MacMahon, P., Blair,
M. E., Treweeke, P.,
Kovar, I. Z.,
Association of mineral
composition of
neonatal intravenous
feeding solutions and
metabolic bone
disease of prematurity,
Archives of Disease in
Childhood, 64, 489-93,
1989

Ref Id
701163

Country/ies where the
study was carried out

Participants
High dose: 8, SEM 2.3
Low dose: 10, SEM 2.8

Inclusion criteria

preterm infants requiring
PN (major indications for
PN included prematurity
with respiratory dysfunction
and/or inadequate gut
function, necrotising
enterocolitis, omphalocoele,
and congenital small bowel
obstruction)

Exclusion criteria
Not reported

N= 27
(N=13; group 1.
N=14; group 2)

Characteristics

Group 1 (standard) VS
Group 2 (increased mineral
content)

The following are
expressed as Median
(range):

Birthweight:

Standard: 960 (580-1760)
Increased min: 830 (590-
1495)

Interventions

Standard solution
(group 1): 0.68
mmol/kg/day of calcium
and 0.61 mmol/kg/day
of phosphorus

Increased mineral
content (group 2): 1.25
mmol/kg/day of calcium
and 1-20 mmol/kg/day
of phosphorus

Methods

PN solution included
Calcium as 10%
calcium gluconate (2-2
mmol/ 10 ml) and
Phosphorus as 8-7%
potassium phosphate
(5 mmol/10 ml). The
sequence of additions
was coordinated to
avoid precipitation
whereby phosphorus
salt was the first
additive to the amino
acid/dextrose mixture,
and any calcium salts
were added last. The
solutions were
refrigerated until
required. The amount
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Outcomes and
Results

Rickets: The only
three infants to
develop classical
radiographic
changes of rickets
(grade 2) received
standard solution

Comments

Cochrane risk of bias
tool:
Selection bias

Random sequence
allocation: Unclear risk.

No details provided on
the method of
randomisation.

Allocation
concealment: Unclear
risk. Participants were
sequentially allocated
however it is not
described if they are
numbered etc.
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Study details
UK

Study type
RCT

Aim of the study

To assess the effects
of PN with increased
mineral content on
biochemical and
radiological indicators
of metabolic bone
disease of prematurity

Study dates

July 1985 - October
1986

Source of funding
Not reported

Participants Interventions
Gestational age:

Standard: 28 (25-33)

Increased min: 26 (24-41)

Male: female ratio:

Standard: 7:6

Increased mineral: 8:6

Duration of
Parenteral nutrition: (days)
Standard: 48 (14-199)

Increased mineral: 56 (14-
77)

Intermittent positive
pressure ventilation: (days)
Standard: 48 (0-102)
Increased min: 40 (2-83)

Supplementary oxygen:
Standard: 18 (0-51)
Increased min: 16 (0-75)

Parenteral intake:
Energy (MJ/kg/day)

Standard: 0-360 (0.176-0-
594)

Increased min: 0.360
(0.142-0.523)

Protein (g/kg/day)
Standard: 3-43 (105-4 2)
Increased: 3.49 (0.2-4.2)

Methods

of each solution
infused was recorded
and from this, the
delivered amount of
calcium and
phosphorus actually
was calculated

Statistical analysis
Student's t test was
used to assess
significance of
differences for
parametric data, and
the Mann-Whitney U
test for non-parametric
data
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Outcomes and
Results

Comments
Performance bias
Blinding of participants
and personnel: Unclear
risk. Infants would be
unaware of their
assignment however it
is unclear whether
personnel were
blinded.

Detection bias:
Blinding of outcome
assessment: Low-risk.
Outcomes are
objective.

Attrition bias:

Incomplete outcome
data: Unclear risk. The
study does not
comment on
withdrawals or
exclusions

Reporting bias:
Selective reporting:
Unclear risk. The study
protocol is not
available and it is not
clear that the published
reports include all
expected outcomes.

Other sources of bias:
Unclear risk.
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Study details

Participants

Fat (g/kg/day)

Standard: 2-2 (0-4)
Increased: 2.1 (0-4.1)
Dextrose: (g/kg/day)
Standard: 13-5 (6-8-23)
Increased: 13.2 (3.1-20.1)

Enteral intake

Energy (MJ/kg/day)
Standard: 0.004 (0-0.146)
Increased: 0.008 (0.-0.155)

Calcium (mmol/kg/day)
Standard: 0 (0-0.2)
Increased: 0.02 (0-0.4)

Phosphorus (mmol/kg/day)
Standard: 0 (0-0.4)
Increased: 0.02 (0-0.81)

Total mineral intake:
Calcium (mmol/kg/day)
Standard: 0.68 (0.32-1.05)

Increased min: 1.25 (0.29-
1.84)

Phosphorus (mmol/kg/day)

Standard: 0.61 (0-16-0.98)
Increased: 1.20 (0.39-1.74)

Inclusion criteria

Interventions

Methods
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Outcomes and
Results

Comments

Other information

When enteral feeding
was possible the
mother's own
expressed breast milk
was used in
preference; if not, a
proprietary preterm
formula was used.

The mineral content of
expressed breast milk
was assumed to be 7.0
mmol/l of calcium and
4.8 mmol/l of
phosphorus with an
average absorption
rate of 34 and 86%
respectively. The
mineral content of any
proprietary milk used
was calculated from
the manufacturer's
data sheet and the
percentage absorption
of calcium and
phosphorus was
assumed to be 42 and
82.5, respectively.

From these data the
amount of calcium and
phosphorus absorbed
from any enteral feeds
was calculated.
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Study details

Prestridge, L. L.,
Schanler, R. J.,
Shulman, R. J., Burns,
P. A, Laine, L. L.,
Effect of parenteral
calcium and
phosphorus therapy
on mineral retention
and bone mineral
content in very low
birth weight infants,
Journal of Pediatrics,
122, 761-8, 1993
Ref Id

393295

Country/ies where the
study was carried out

USA

Study type
RCT

Aim of the study

To determine whether
greater quantities of
Ca and P in parenteral

Participants

Neonatal infants who
required parenteral nutrition
for = 14 days with = 75% of
the volume of fluid given
intravenously

Exclusion criteria
Not reported

N=24 (N=12, standard PN
Vs N=12 High Ca-P PN)

Characteristics

Standard PN Vs High Ca-P
PN

Birth weight (gm):
Standard: 921, SD 171
High: 875, SD 180
Gestational age (wk):
Standard: 27, SD 2
High: 27, SD 2
Gender (M/F):
Standard: 6/6

High: 4/8

PN start (days):
Standard: 3.6, SD 1.2
High: 3.2, SD 0.6

PN duration (days):
Standard: 24, SD 7
High: 22, SD 0.6
Average fluid intake
(ml/kg/day):
Standard: 153, SD 10
High: 152, SD 8

Interventions

Standard PN solution
(group STAND): 1.25
mmol calcium and 1.5
mmol phosphorus per
decilitre [1.5
mmol/kg/day Ca, and
1.8 mmol/kg/day P]

35% more Ca and P
(group HIGH):1.7 mmol
calcium and 2.0 mmol
phosphorus per decilitre
[1.8 mmol/kg/day Ca,
and 2.5 mmol/kg/day P]

Methods

Infants were enrolled

the day after their birth.

PN was initiated on
postnatal day 3. The
volume was adjusted
by protocol on the
basis of birth weight:
80, 100, 120, and 130
ml /kg/day on

successive days 3 to 6.

Thereafter, fluid

volumes were adjusted

daily on the basis of
body weight to

maintain a PN intake of
130 ml/kg. Intravenous

administration of lipid

emulsion started day 5,

and quantities were

increased daily from 1

to 4 g/kg, as indicated
on the basis of serial
serum triglyceride
concentrations.

Additional fluid needs,
as indicated clinically
were met with
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BMC

The rate of change
in bone mineral
content (BMC) was
greater in group
HIGH than in group
STAND

Between 1 and 4
weeks [p = 0.005]
HIGH: 2.33 + 0.99
mg/cm/wk

STAND: 0.05+ 1.3
mg/cm/wk

Between 1 and 8
weeks [p <0.001]

HIGH: 1.97 +
0.63 mg/cm/wk

STAND: 0.71 £ 0.68
mg/cm/wk

Time-point: Week 4
HIGH: 27.5(13.86)
STAND: 31(3.46)
Time-point: week 8
HIGH: 34(10.39)
STAND: 32(10.39)

35

Comments

Limitations

Enteral intake was
started at 19 + 5 and
17 £ 2 days in group
STAND and group
HIGH

Cochrane risk of bias
tool

Selection bias

Random sequence
generation: Low risk.
Randomisation was
conducted by
Pharmacy personnel,
using random number
cards stratified by birth
weight.

Allocation
concealment: Low risk.
Central allocation.
Randomisation was
conducted by
Pharmacy personnel.

Performance bias
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Study details
nutrition will promote
increased apparent
retention of Ca and P,
and improve bone
mineral content in
VLBW infants

Study dates
Not reported

Source of funding
Supported by the
General Clinical
Research Centre,
Baylor College of
Medicine/Texas
Children's Hospital
Clinical Research

Centre and by the U.S.

Department of
Agriculture,
Agricultural Research
Service

Participants

Average energy intake
(kcal/kg/day):
Standard: 94, SD 9
High: 92, SD 7

Regain birth weight (days):

Standard: 14, SD 4
High: 18, SD 6
Weight change during
PN (gm/kg/day):
Standard: 14, SD 6
High: 14, SD 9

Inclusion criteria

birth weight <1.2 kg, no
major congenital
malformations, and the
expectation that PN would
be required for
approximately 3 weeks

Exclusion criteria
Not reported

Interventions

Methods

parenteral solutions not
containing Ca and P.

Statistical Analysis
Subject characteristics
were analysed with a
Student t test or chi-
square analysis.

Baseline
measurements of
intravenous nutrient
intake, urinary
excretion, and serum
indexes of mineral
status were compared
with a Student t test for
normally distributed
data or the Mann-
Whitney test for non-
normal data.

Linear regression
analyses were used to
determine changes
with time in
measurements
obtained serially during
the PN interval.

Average value of the
serial determinations
was used in the
analyses. The
comparison of baseline
with the average value
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Outcomes and
Results

Comments

Blinding of participants
and personnel: Low
risk. Infants would be
unaware of their
assignment

and Investigators and
care givers were
unaware of group
assignment.

Detection bias
Blinding of outcome
assessment: Low risk.
Outcomes are
objective.

Attrition bias
Incomplete outcome
data: Low risk. No
missing outcome data.

Reporting bias
Selective reporting:
Unclear risk. The study
protocol is not
available and it is not
clear that the published
reports include all
expected outcomes.

Other bias
Other sources of bias:

Unclear risk.

Other information
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Study details

Vileisis, R. A., Effect of
phosphorus intake in
total parenteral
nutrition infusates in
premature neonates,
The Journal of
pediatrics, 110, 586-
90, 1987

Ref Id

606630

Country/ies where the
study was carried out

USA

Study type
RCT

Aim of the study

Participants

N=27 (N=10 Low, N=8
Moderate, N=9 High)

Characteristics

Low VS Moderate Vs High
Gestational age (wk)

Low: 27.2, SEM 0.4
Moderate: 28.2, SEM 1.1

High: 29.8, SEM 0.5*
[(*)Low versus high P intake
difference, P <0.002; no
differences in any other
parameters]

Birth weight (kg)

Low: 0.88, SEM 0.07
Moderate: 1.09, SEM 0.12
High: 1.18, SEM 0.09

Interventions

Low: 1.01, SEM 0.04
mmol phosphorus/kg/d
Moderate: 1.34, SEM
0.03 phosphorus
mmol/kg/d

High: 1.67, SEM 0.05
phosphorus mmol/kg/d

All babies received a
low calcium intake, 0.25
mmol/l/day

Methods

during the PN interval
was made by using a
paired t test. Analysis
of variance for
repeated measures
and analysis of
covariance, with BMC
at 1 week as the
covariate, were used to
analyse BMC data.

Unless otherwise
noted, data are
expressed as the mean
+ SD.

After randomisation,
infants received one of
the infusates for the
next 14 days of life.
Doses of phosphorus
were within
recommended
guidelines and P intake
was calculated to
include both the
contribution from lipids
and the potassium
phosphate in the TPN
infusate.

Each infant received 1
vial of multivitamin
solution per day
(providing 400 1U
vitamin D and 30 to 35
mg/kg/d elemental
calcium as the
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Outcomes and
Results

Hypercalciuria
*Defined as urinary
calcium excretion 24
mg/ kg/d

Low: incidence was
70% (seven of 10
infants)

Moderate: incidence
of 12.5%

High: incidence of
0%

Weight gain over
study period (g):
Low: 25.0, SEM 27
[Calculated SD:
85.38]

Moderate: 40.0,
SEM 32

Comments

Amounts of calcium
and phosphorous have
been converted by
calculation into
mmol/kg/day at a PN
intake of 100ml/kg/day

Limitations

Cochrane risk of bias
tool

Selection bias

Random sequence
generation: Unclear
risk. No details
provided on the
method of
randomisation.

Allocation
concealment: Unclear
risk. No information
provided on the
method of allocation.

Performance bias
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Study details

To evaluate the
influence of three
alternate total
parenteral nutrition
regimens differing in
phosphorus amount
on CaandP
homeostasis in
premature, critically ill
infants

Study dates
Not reported

Source of funding
Supported by the
Walker P. Inman Fund
and Perry Como
Children's Classic
Fund

Participants

Age prior to initiation of
TPN (d)

Low: 6.3, SEM 1.4
Moderate: 11.4, SEM 5.2
High: 10.1, SEM 3.7

Study TPN prior to urine
collection (d)

Low: 6.1, SEM 1.1
Moderate: 6.8, SEM 1.2
High: 7.2, SEM 1.0

Patients with bowel disease
Low: 1

Moderate: 1

High: 2

Weight gain over study

period ()
Low: 25.0, SEM 27

Moderate: 40.0, SEM 32
High: 40.0, SEM 6

Inclusion criteria

birth weight <1500g who
required TPN

Exclusion criteria
Not reported

Interventions

Methods

gluconate salt).
Crystalline amino acid
infusion was 2.5
g/kg/d. Glucose, lipid,
and electrolyte intakes
were dictated by the
patient's clinical status
and fluid
requirements.

All but three infants
were nourished
exclusively with
glucose-electrolyte
solutions until the
initiation of TPN. Three
infants (one in each P
intake group) had
received small
feedings orally prior to
onset of necrotising
enterocolitis.

Average daily caloric
intake was
approximately 60
kcal/kg. Caloric intake
was limited by the
infants' intolerance of
larger fluid, dextrose,
or lipid infusion rates.

Statistical Analysis

Unpaired t test used for
comparison of urinary
chemical results.
Significance was
assigned to P <0.005
as an adjustment for
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Outcomes and
Results

High: 40.0, SEM 16
[Calculated
combined SD for
Moderate and High:
68.82]

Comments

Blinding of participants
and personnel: Unclear
risk. Infants would be
unaware of their
assignment however it
is unclear whether
personnel were
blinded.

Detection bias
Blinding of outcome
assessment: Low risk.
Outcomes are
objective.

Attrition bias

Incomplete outcome
data: Unclear risk. The
study does not
comment on
withdrawals or
exclusions.

Reporting bias
Selective reporting:
Unclear risk. The study
protocol is not
available and it is not
clear that the published
reports include all
expected outcomes.

Other bias

Other sources of bias:
Unclear risk.
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Study details

Mazouri, Ali, Khosravi,
Nastaran, Bordbar,
Arash, Khalesi, Nasrin,
Saboute, Maryam,
Taherifard, Pegah,
Mirzababaee, Marjan,
Ebrahimi, Mehran,
Does Adding
Intravenous
Phosphorus to
Parenteral Nutrition
Has Any Effects on
Calcium and
Phosphorus
Metabolism and Bone
Mineral Content in
Preterm Neonates?,
Acta medica Iranica,
55, 395-398, 2017

Participants

Sample size
N=50

Intervention: TPN with
intravenous Glycophos
(n=25)

Control: TPN without
Glycophos (n=25)

Characteristics
male gender
Control: 68%
Int: 60.0%
P=0.556

mean birth weight
Case: 1.31, SD 0.14 kg

Interventions

Intervention: TPN with
intravenous sodium
glycerophosphate or
Glycophos (1.5
mmol/kg/day)

Control: TPN without
sodium
glycerophosphate

Methods

multiple comparisons.
Chi-square analysis
used for comparison of
incidence of abnormal
urinary excretion
between groups.
Analysis of variance for
repeated measures
with the Bonferroni t
test was made for
comparison of serum
chemical
concentrations over
time and between
groups. Values
represented as mean +
SEM.

At baseline as well as
every week during
treatment, the

Serum levels of
calcium, phosphorus,
and alkaline
phosphatase and urine
levels of calcium,
phosphorus, and
creatinine were
measured for the
diagnosis and
treatment of
osteopenia (at baseline
and every week during
treatment)

At the end of the fourth
week of treatment, the
presence of osteopenia
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Outcomes and
Results

BMD (g/cm?2)

Glyco: 0.13, SD
0.01

No Glyco: 0.10, SD
0.02

p=<0.001

Those who received
TPN with
intravenous
Glycophos
experienced more
increase in bone
mineral density than
those in control
group (0.13, SD
0.01 versus 0.10,
SD 0.02, P<0.001).

Comments

Limitations

Cochrane risk of bias
tool

Selection bias

Random sequence
generation: Unclear
risk. No details
provided on the
randomisation.
Described only as
block randomisation.

Allocation
concealment: Unclear
risk. No information
provided on allocation.

Performance bias
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Outcomes and

Study details
Ref Id
743224

Countryl/ies where the
study was carried out

Iran

Study type
RCT

Aim of the study

To assess the effect of
additional intravenous
phosphorus to total
parenteral nutrition
(TPN) on calcium and
phosphorus
metabolism and bone
mineral content

in preterm neonates

Participants
Control: 1.27, SD 0.16 kg
P=0.352

mean gestational age

Case: 29.5, SD 1.1 weeks
Control: 29.7, SD 1.2 weeks
P=0.542

mean duration of TPN
regimen

Case: 9.8, SD 3.0 days
Control: 10.0, SD 2.7 days
P=0.805

Inclusion criteria

preterm neonates with a
gestational age < 32 weeks
and neonatal weight <1500
grams

Interventions

Methods

was examined using
DEXA Scan. Drug side
effects resulting from
intervention were also
assessed.

Statistical analysis
Results are presented
as mean + standard
deviation (SD) for
gquantitative variables
and were summarised
by absolute
frequencies and
percentages for
categorical variables.
Categorical variables
were compared using
chi-square test.

Quantitative variables

Comments

Blinding of participants
and personnel: Low
risk. Infants would be
unaware of their
assignment

and personnel for
DEXA scanning and
statistical analyser
were blinded to study
protocol.

Detection bias
Blinding of outcome
assessment: Low risk.
Outcomes are
objective.

Attrition bias
Incomplete outcome
data: Unclear risk. The
study does not

were also compared comment on
Study dates Exclusion criteria using t test or Mann- withdrawals or
2014 neonates with a history of Whitney U test. The exclusions.

Source of funding
Not reported

maternal
hyperparathyroidism or
maternal vitamin D
deficiency

correlations were
tested using Pearson's
or Spearman’s Rank
order correlation tests.
P < 0.05 considered
statistically significant.
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Reporting bias
Selective reporting:
Unclear risk. The study
protocol is not
available and it is not
clear that the published
reports include all
expected outcomes.

Other bias
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Outcomes and
Study details Participants Interventions Methods Results Comments

Other sources of bias:
Unclear risk.

1 BMC: bone mineral content; CA: calcium; IF: intravenous feed; NIH: National Institutes of Health; P: phosphate; PN: parenteral nutrition; RCT: randomised controlled trial; SD: standard deviation;
2 SEM: standard error of the mean; STAND: standard; TPN: total parenteral nutrition; UK: United Kingdom; USA: United States of America; WK: week.
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1 Appendix E — Forest plots

2 Forest plots for review question: What are the optimal target doses for calcium

3 and phosphate in preterm and term babies who are receiving parenteral
4  nutrition and neonatal care?
5
Figure 2: Forest plot for comparison of high calcium and high phosphorous versus
standard (low) calcium and phosphorous: Weight gain
High Ca Ph (5td and Low) Ph §td. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean §D Total Weight IV, Fixed, 85% CIl IV, Fixed, 95% CI
Ajken 1986 13 1.7 1o 113 3 5 407% 0.73[-0.38,1.89)
Koo 1887 19 15 9 185 1453 9 593% -0.03 [-0.96, 0.89]
Total {95% CI) 18 14 100.0% 0.28 [-0.43, 0.99]
Heterageneity: Chi®=1.07, df=1 (P = 0.30); F= 6% :—10 ES 1 é 1D:
Testfor averall effect Z=0.77 (P = 0.44) Favours Standard Ca/Ph  Favours High Ca/Ph
6
Figure 3: Forest plot for comparison of high calcium and high phosphorous versus
standard (low) calcium and standard (low) phosphorous: Fracture
High Ca Ph {Std and Low) Ph Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Events Total Evenis Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% Cl
Aiken 1986 0 10 1 a2 47 1% 0.05[0.00,3.18] + ]
Koo 1589 0 13 1 12 52.9% 0.12[0.00,6.29] 4 L]
Total {95% Cly 23 17 100.0%  0.08[0.00, 1.40] —
Total events ] 2
Heterogeneity, Chif=0.10, df=1 (P = 0.78) F=0% =DDQ D=1 150 505
Testfor overall effect: Z=1.73 (F = 0.08) - Favours High CaiF Favours Standard GaP
7
Figure 4: Forest plot for comparison of high calcium and high phosphorous versus
standard (low) calcium and standard (low phosphorous): Rickets
High CaiPh Standard Ca/Ph Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% C|
Aiken 1986 2 10 2 a5 424% 0.50[0.10,2.58]) 4 L
Macmahon 1989 o 14 3 13 57.6%  013[0.01,2.35 +1
Total (95% CI) 24 18 100.0% 0.29 [0.07,1.23] '-*—--
Total events 2 a
Heterogeneity, Chi*=0.71,df=1 (P =040y F= 0% ) } } t } {
o N 01 0z 0.5 ] g 10
Testfor overall effect 2= 1.68 (F=0.09) Favours High Ca/Ph  Favours Standard Ca/Ph
8
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1 Appendix F — GRADE tables

2 GRADE tables for review question: What are the optimal target doses for calcium and phosphate in preterm and term babies

3 who are receiving parenteral nutrition and neonatal care?

D

o Ol

High calcium and phosphorous versus standard (low) calcium and phosphorous

Table 5: Evidence profile for outcomes related to the comparison of high calcium and phosphorous versus standard (low) calcium
and phosphorous.

inconsistency

inconsistency

2117
(11.8

2 rando very
mised serious?!
trials

2 rando very
mised serious®
trials

2 rando very
mised serious®
trials
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inconsistency

5/18
(27.8

SMD @000 CRITICAL
0.28 VERY

higher LOW

(0.43

lower to

0.99

higher)

108 @000 CRITICAL
fewer per VERY

1000 LOW

(from 118

fewer to

47 more)

197 @000 CRITICAL
fewer per VERY

1000 LOW

(from 258
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fewer to
64 more)
1 rando no no serious no serious no serious none 12 12 - MD 2.28 CRITICAL
mised  serious  inconsistency indirectness imprecision higher e )
trials risk of (1.36 HIGH
bias higher to
3.20
higher)
1 rando no no serious no serious serious’ none 12 12 - MD 1.29 CRITICAL
mised  serious  inconsistency indirectness higher ®O®0
trials risk of (4.59 MODE
bias lowerto  RATE
7.17
higher)
1 Ca: calcium; ClI: confidence interval; OR: odds ratio; Ph: phosphorous; RCT: randomised controlled trial; RR: risk ratio; SMD: standardised mean difference.
2 ! Evidence downgraded due to non-specified randomisation, inadequate method of allocation concealment and deviation from the protocol.
3 2 Evidence was downgraded by 1 due to serious imprecision, 95% confidence interval crosses one default MID for SMD (0.5).
4 3 Evidence downgraded due to non-specified randomisation, inadequate method of allocation concealment, broken blinding and early termination of treatment.
g 4 Evidence was downgraded for risk of imprecision due to low event rate
7 5 Very serious risk of bias due to lack of allocation concealment and stopping the control group early for benefit.
8 8 Evidence was downgraded by 1 due to serious imprecision, 95% confidence interval crosses one default MID for dichotomous outcomes (0.8 or 1.25).
18 7 Evidence was downgraded by 1 due to serious imprecision, 95% confidence interval crosses one default MID for continuous outcomes, calculated as 0.5 x SD control at baseline (-5.20 and 5.20).
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1 High/moderate phosphorous versus low phosphorous

2 Table 6: Evidence profile for outcomes related to the comparison of high and moderate phosphorous versus low phosphorous.

1 randomis  very no serious no serious no serious none 1/17 7/10 RRO0.08 644 fewer @200 CRITICAL
ed trials serious!  inconsistency indirectness imprecision (5.9 (70 (0.01 to per 1000 LOW
%) %) 0.59) (from 287
fewer to
693 fewer)
1 randomis  very no serious no serious very none 17 10 - MD 15 @000 CRITICAL
ed trials serious!  inconsistency indirectness  serious? higher VERY
(47.21 LOW
lower to
77.21
higher)
3 ClI: confidence interval; MD: mean difference; Ph: phosphorous; RR: risk ratio.
4 1 Evidence downgraded due to unclear randomisation method and allocation concealment, unclear blinding and unclear attrition.
g 2Evidence was downgraded by 2 due to very serious imprecision, 95% confidence interval crosses both default MID for continuous outcomes, calculated as 0.5 x SD control at baseline (-42.69 and
42.69).
7  Phosphorous versus no phosphorous

8 Table 7: Evidence profile for outcomes related to the comparison of phosphorous versus no phosphorous.
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randomis  serious? no serious no serious no serious none MD 0.03 ®OD0 CRITICAL
ed trials inconsistency indirectness imprecision higher MODERA

(0.02 to TE

0.04

higher)

1 ClI: confidence interval; MD: mean difference; Ph: phosphorous.
2 1 Serious risk of bias due to non-random sequence generation.

3
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1 Appendix G — Economic evidence study selection

2 Economic evidence study selection for review question: What are the optimal

3

4
5
6
7

target dosages for calcium and phosphate in preterm and term babies who are
receiving parenteral nutrition and neonatal care?

One global search was conducted for all review questions. See supplementary material D for
further information.
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1 Appendix H—- Economic evidence tables

2 Economic evidence tables for review question: What are the optimal target
3 dosages for calcium and phosphate in preterm and term babies who are
receiving parenteral nutrition and neonatal care?

4
5 No economic studies were identified which were applicable to this review question.
6
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1 Appendix | — Economic evidence profiles

2 Economic evidence profiles for review question: What are the optimal target
3 dosages for calcium and phosphate in preterm and term babies who are
4  receiving parenteral nutrition and neonatal care?

5 No economic studies were identified which were applicable to this review question.
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1 Appendix J — Economic analysis

2 Economic evidence tables for review question: What are the optimal target
3 dosages for calcium and phosphate in preterm and term babies who are
receiving parenteral nutrition and neonatal care?

4
5 No economic analysis was conducted for this review question.
6
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1 Appendix L — Research recommendations

2 Research recommendations for review question: What are the optimal target
3 dosages for calcium and phosphate in preterm and term babies who are
4  receiving parenteral nutrition and neonatal care?

5  No research recommendation was made for this review question.
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