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INTRODUCTION

Most mineral accretion occurs in the last trimester of gestation, placing preterm infants at particular risk for metabolic
bone disease (MBD).1 While the potential long-term consequences on bone mass remain unclear, in the short term,
MBD is associated with an increase in risk for fractures, dolichocephaly, rachitic changes, respiratory distress related
to softening of the chest wall, and stunting of linear growth.2 2 4 > Incidence of MBD varies from 23% of infants born
<1500 grams to as many as 60% of infants born <1000 grams.® 7 Advances in neonatal care and nutrition have led to
a marked decrease in the overall incidence of severe MBD of prematurity, however survival of smaller infants born at
earlier gestational ages continues to provide challenges for bone health.

DEFINITIONS

Metabolic bone disease of prematurity is associated with decreased organic protein bone matrix (osteopenia) and/or
decreased mineral deposition (osteomalacia). Osteopenia and osteomalacia can exist in isolation or in combination
and may be associated with rachitic changes. Rickets is defined by radiographic findings, not by any biochemical
findings.
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SCREEN AND MANAGEMENT OF BONE HEALTH IN PRETERM INFANTS ALGORITHM

Measure Na, Ca, PO4 levels 2-3 days after reaching full
feed and fortification and optimize calcium and phos as

Low to Moderate Risk
= 29-32 weeks
= 1500 - 2250 grams
=  SGA
= Fortified with AA or EH formula

High Risk
<29 weeks
<1500 grams
PN >4 weeks
No fortification
Fortified with AA or EH formula

Measure Ca, PO4, & ALP
levels at day 22-28 of life

Normal
ALP <500 & Po4
>1.8

Growth lab after 4 weeks
X1

ALP 500 -600
IU/L

\ 4

= Increase vitamin D supplement to
800 IU/day
= Optimize phos intake if serum Po4
<1.8 mmol/L
= Measure TRP with next Ca, phos, ALP
A
v
If TRP >90 optimize phos |
intake

\ 4

No improving or

Abnormal
ALP >500 &/or Po4
<1.5

Normal
ALP <500 & Po4
>1.8

\ 4

Growth lab every 2-3
weeks until 36 PMA

ALP >600 IU/L OR
Fractures

\ 4
Measure Ca, PO4, ALP,

\ 4

TRP, PTH, X ray & 25(0OH)D

PTH <70 pg/mL PTH >70 pg/mL

worsening ALP

*AA, Amino Acid formula; EH, extensively hydrolyzed formula

\4

= Refer to nutrition/bone health
working group (your RD can
facilitate)

= Calcium supplementation

= Increase vitamin D supplement to
800 IU/day*

= Optimize phos intake if Po4 <1.8
mmol/L or TRP >90%

. Repeat ca, phos, ALP in 1 week
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CALCIUM, PHOSPHORUS AND VITAMIN D HEMOSTASIS IN PRETERM INFANTS

Most fetal mineral accretion (80%) occurs in the last trimester of pregnancy.!

The American Academy of Pediatrics Committee on Nutrition recommends 150 to 220 mg/kg/day of calcium
(38.7-5.5 mmol/kg/day), 75 to 140 mg/kg/day of phosphorus (2.4-4.5 mmol/kg/day), and 200 to 400 IU/day of
vitamin D for enterally fed VLBW infants. Once the infant is >1500 grams, vitamin D intake should be 400
IU/day, up to maximum of 1000 IU/day.8

In preterm infants, calcium intestinal absorption is passive and appears to be independent of vitamin D dose.?
In term infants, levels of 1,25 (OH)2D are low at birth but rapidly increase to normal adult levels by 24 hours
of life.l In contrast, preterm infants have serum 1,25(0OH)2D levels that are more comparable with adult
levels and continue to increase over the first few months of life, often to levels 4 to 6 times that seen in term
neonates.’

Serum calcium starts dropping immediately at birth with a nadir reached by 24 and 30 h in preterm infants.°
PTH levels increase in response to decreased calcium levels and result in renal calcium reabsorption and
phosphate wasting. It also increases the synthesis of 1,25(0OH)2D, which leads to intestinal calcium and
phosphate absorption. In bone, PTH stimulates resorption and subsequent release of calcium and phosphate.
Given that PTH actions are greatest in the kidney, the net effects of increased PTH levels are hypercalcemia
and hypophosphatemia.

RISK FACTORS OF METABOLIC BONE DISEASE

Points of Emphasis:
Parenteral nutrition is often not formulated to deliver the minimally recommended 150 mg/kg/d calcium and
75 mg/kg/d phosphorus that a growing preterm infant requires.
Aluminum contamination of PN is a risk for MBD and is a persistent issue in common parenteral nutrition
preparations.1! 12
Inability to tolerate large enteral feed volumes, low mineral content of human milk, and inadequate provision
of minerals in PN predispose preterm infants for MBD.
Fluid restriction, diuretic and steroid use limit and waste mineral content.

Risk Factors:
Infants born <28 weeks gestation or birth weight <1500 grams.
Infants born small for gestational age.
Infants on parenteral nutrition for 24 weeks.
Severe bronchopulmonary dysplasia with use of loop diuretics (eg, furosemide) and fluid restriction.
Postnatal steroid use.
History of necrotizing enterocolitis.
Infants on low calcium and phosphorus intakes due to failure to tolerate human milk fortifiers or formulas
with high mineral content.

DIAGNOSIS OF METABOLIC BONE DISEASE

Points of Emphasis:
Hypophosphatemia manifests as the earliest marker of disrupted mineral metabolism. Phosphate deficiency
suppresses PTH preventing urinary phosphate wasting. Synthesis of 1,25(0OH)2D is activated, thereby
increasing intestinal calcium and phosphate absorption. Phosphate deficiency disrupts calcium balance,
potentially leading to hypercalcemia, hypercalciuria, and nephrocalcinosis.
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Chronic deficiency of calcium and phosphorus at a time of rapid neonatal growth leads to physical and
radiologic signs of rickets of prematurity, beginning with osteopenia, metaphyseal flaring, and widening of the
epiphyses of long bones and eventually progressing to rachitic rosary and pathologic fractures particularly in
the rib, femur and humerus.

MBD may go unrecognized as a significant loss of bone mineralization is needed before characteristic changes
are visible on radiograph.?

The suggested cutoff values for serum ALP range from 500 IU/L to as high as 1200 IU/L.(3-5) No single value
of ALP reliably predicts radiological findings of rickets.®

ALP levels may be falsely low in the setting of zinc deficiency or glucocorticoid exposure and should not be
the only factor used in screening for MBD.

The use of serum phosphorus levels in addition to serum ALP increases sensitivity and specificity for the
detection of MBD of prematurity.”

PREVENTION OF MBD

Parenteral Nutrition

Points of Emphasis:
Recommended calcium and phosphorus intake during the first few days of life is 1-2 mmol/kg/day for calcium
and 0.8-2 mmol/kg/day for phosphorus (Mihatsch et al. ESPGHAN and ESPEN).13
Recommended intake of calcium and phosphorus for growing preterm infants on parenteral nutrition is 1-2
mmol/kg/day.13
It is difficult to provide recommended amounts of calcium and phosphorus, especially when the amount of
sodium and potassium in parenteral nutrition is minimized. Calcium and phosphorus solubility in neonatal PN
solutions depend on their amounts, the total volume of the parenteral nutrition bag, the calcium: phosphorus
ratio, pH, temperature, the amino acid concentration and the type of commercial amino acid product used.
Acidosis decreases protein binding and results in increased free iCa levels.
Low albumin is common in preterm infants and results in less protein available for binding to iCa.
With a range of fluid intake of 120 to 150 mL/kg/day, it is advisable to supply 1 mmol calcium/kg and 1 mmol
phosphate/kg in PN solutions, corresponding to a calcium-to phosphorus ratio of 1.3:1 by weight and 1:1 by
molar ratio (Rigo J 2011).
Calcium and phosphorus solubility is enhanced by the higher acidity of amino acid solutions. Provide
adequate amount of protein (amino acids).
The amount of phosphorus that can be added to parenteral nutrition depends on the amount of sodium and
potassium. Calcium is provided as calcium gluconate and therefore does not depend on the availability of
other electrolytes.
Calculations and graphs are used to determine calcium and phosphorus compatibility in neonatal amino acid
solutions. Consult a pharmacist or Registered Dietitian if guidance is required. (Refer to Appendix 8: Calcium-
Phosphate Solubility Curves in the Neonatal Nutrition Support Manual).
Low phosphate level is common in the first few days of life.

Things to consider when ordering or adjusting parenteral nutrition in the first few days:
Add calcium and phosphorus as soon as possible (Aim for 1 mmol calcium/kg, 1 mmol phosphorus/kg).
Consider other causes for high ionized Ca (iCa) on blood gases before unbalancing the parenteral nutrition
order.
Work with your Registered Dietitian to optimize the intake of Ca and PO4 in PN (Goal: 1-2 mmol/kg/d,
respectively).
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= If initial PO4 comes back <1.6 mmol/L, consider increasing phosphate intake in the days preceding. If PO4
was decreased or omitted in the parenteral nutrition as a result of adding acetate, hypophosphatemia is likely
reflective of suboptimal intake. Add phosphate to PN to provide a 0.8-1:1 Ca:PO4 molar ratio in the first
week of life and 1-1.3:1 after the first week of life. (ESPGHAN/ESPEN)

Monitoring while on parenteral nutrition:
»  Use iCa with caution (see above) in first week of life. If no explanation for higher values, consider increasing
phosphorus intake, to a maximum of 2 mmol/kg/day.
»  Check serum Ca and PO4 day 5 to 7. Only adjust PO4 in PN if s-PO4 <1.6 mmol/L.
» Inthe first 2 weeks if PO4 <1.6 mmol/L, increase in PN, otherwise keep Ca and PO4 balanced at a molar ratio
of 1:1.

Enteral Nutrition

Table below identify the recommendation of calcium, phosphorus, and vitamin D intakes along with the examples on
how intakes can be affected with different fortification strategies.

Calcium Intake at | Phosphorus Intake .
Enteral F Vitamin D Intak
el 150 ml/kg/day | at 150 mi/kg/day = EhC
Recommendations for stable
growing infant (Cheah 2021) 3-5.5 mmol/kg/day 2.3-3.9 mmol/kg/day 200-1000 IU daily
In Kolezko book
EBM 0.9 0.75 -
ésll\;lmlac HMF HP CL/50 mL 285 295 90 1U/kg
2 Similac HMF HP CL/50
L EBM 4.5 3.3 180 IU/kg
1 Enfamil Liquid HMF SP/50
mL EBM 2.85 2.1 135 IU/kg
2 Enfamil Liquid HMF SP/50
mL EBM 4.35 3.15 240 1U/kg
EBM 24 kcal/oz (3 grams +
Enfacare A+ powder/100 mL 1.35 1.2 15 1U/kg
EBM)
EBM 24 kcal/oz (3 grams
Nutramigen A+ powder/100 1.5 1.05 10.51U/kg
mL EBM)
Enfamil A+ Premature 20 4.9 97 243 1U/kg
kcal/oz
Enfamil A+ Premature 24 4.95 33 293 IU/kg
kcal/oz
Enfamil A+ Enfacare 22 33 24 78 1U/kg
kcal/oz
Enfamil A+ 20 kcal/oz 1.95 1.35 61.5 1U/kg
Nutramigen A+ 20 kcal/oz 2.4 1.65 51 1U/kg
Neocate 20 kcal/oz 2.85 2.7 72.9 IU/kg
Puramino 20 kcal/oz 2.4 1.65 51 1U/kg
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Recommendation:
Fortification should be the standard of care for all infants born less than 1800 grams.
Human milk fortifier can be started when milk volume 80-100 mL/kg/day depending on the tolerance of
feeding advancement.
Current evidence suggest lower calcium and phosphorus levels in donor human milk (DHM).1* Additional
supplementation with Ca and phosphate is expected until the infants is on formula.

Exercise

Exercise program using assisted range-of motion techniques have been shown to attenuate the decline of bone
strength in VLBW infants.1> Daily exercise is also associated with lower serum cortisol level and may reduce the
negative effect of stress on preterm infants.¢

Recommendation:
Allow preterm infants to generate spontaneous limb and head movements when they are awake, while
allowing them to return to a flexed posture at rest.
Nurses needs to receive training prior to the implementation of an exercise program.

MONITORING

Check sodium, calcium and phosphorus 2-4 days after reaching full feed volume and full fortification to
ensure adequacy of fortification.

Check calcium, phosphorus and alkaline phosphatase at day 22-28 (along with second newborn metabolic
screen).

Repeats bloodwork every 2-4 weeks if levels are normal.

See algorithm for recommendations when bloodwork is not normal. Stop checking once patient is 36-40
weeks, off HMF and has normal serum calcium, phosphorus and alkaline phosphatase.

DISCHARGE

Bone mineralization usually improves quickly in the first few months after hospital discharge and reaches values
similar to healthy term infants.1” 18 Therefore, post discharge nutrition is often directed by other growth parameters
including weight, length and head circumference rather than bone specific values. Most infants with birth weight
more than 1500-1800 grams do well with exclusive breastfeeding or routine infant formula after discharge.? In
contrast, most VLBW infants are discharged home on transitional formula and/or continued fortification and
supplementation. There is a large variation in practice which often follows an individualized approach based on
previous clinical experience given the limited research to guide clinicians.

Recommendation:
An infant is on calcium or phosphorus supplements, consider stopping before discharge if phosphorus is 21.5
mmol/L and ALP is less than 600 IU/L and trending down.
Growth parameters are the main driver for decisions on nutritional support after hospital discharge for infants
not on calcium, phosphorus or calcitriol supplements.
Infants discharged home on calcium and/or phosphorus supplements should have their bloodwork (s-Ca, s-
PO4, ALP) monitored.
Clinical background can determine frequency of monitoring. In addition, frequency of biochemical monitoring
for ongoing MBD should be based on severity. ALP measured 4 weeks post discharge is appropriate in former
VLBW infants on minimal supplementations and improving MBD. Closer follow-up (in 2 weeks) is necessary in
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those with severe MBD (particularly when ALP >800 and/or serum phosphorus <1.5 mmol/L), or with
ongoing risk for poor bone mineralization (i.e. on home parenteral nutrition, loop diuretics, glucocorticoids) as
they may require extended fortification or direct mineral supplementation.

The calcium and phosphorus supplements should be weaned as laboratory values normalize to avoid
therapeutic consequences including hyperphosphatemia, hypocalcemia, hypercalciuria and nephrocalcinosis.
A multidisciplinary approach that includes a registered dietitian with expertise in bone health/endocrinology
should be considered for all babies with severe MBD.

Calcium and phosphorus supplementation are costly and many insurance companies do not cover them.

QUALITY IMPROVEMENT

Aims and outcome measures:
To prevent fractures in VLBW infants in NICU
To standardize practices related to screening for metabolic bone disease
To standardize practices related to calcium, phosphorus and vitamin D/calcitriol supplementation

Outcomes measures:
Incidence of fractures during NICU stay.
ALP, calcium and phosphorus at discharge (ALP >500 IU/L with or without a phosphorus <1.5 mmol/L)
Any ALP >500 IU/L during NICU stay in the absence of cholestasis.

Setting:
These guidelines are applicable to all NICUs in Calgary.

Resources:
This approach is based on best available evidence-based practice that emphasizes the importance of local data and
research. Level of evidence is assigned to each component of this project.

Quality assurance and improvement:
Data related to calcium, phosphorus and ALP will be collected. All cases of bone fractures and/or high ALP (>700) will
be reviewed to identify risk factors.
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