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Temario

• Micronutrientes en Nutrición Parenteral
• Aporte parenteral de zinc
• Requerimiento de Calcio y Fósforo en RN 

prematuros con Nutrición Parenteral
• Uso de Glicerofosfato



Micronutrientes 

• Los micronutrientes son esenciales, se 
requieren en cantidades muy pequeñas 

• Debieran ser administrados en todos aquellos 
que usaran NP

• No hay consenso global, mundial, sobre la dosis 
que se debe aportar en la NP

• RN prematuros tienen necesidades especificas 
dado crecimiento rápido y disminución de los 
depósitos

Nutrients. 2018 Nov;10(11):1819



Cobre

• Cu es escencial, es un componente de 
diferentes enzimas, (cadena de transporte de 
electrones, formación de colágeno, síntesis de 
neuropeptidasa y enzimas antioxidantes (cu-
zinc superóxido dismutasa)

• Deficit produce anemia, leucopenia, 
trombocitopenia, osteopenia

• Mayor requerimiento en pacientes con altas 
perdidas bilio digestiva, jejunostomia, drenaje 
biliar externo, terapia de remplazo renal

Nutrients. 2018 Nov;10(11):1819
Nutritional Care of Preterm Infants 2014 (Vol. 110: 121-139). 



Cobre

• Menor requerimiento en colestasis, pero no se 
recomienda suspender

• ESPGHAN y ESPEN recomienda doblar el aporte 
de cobre (de 20 a 40 mcg/k/dia)

• En colestasis se recomienda dar 20 mcg/k/dia
moitorizando los niveles de cobre y de 
ceruloplasmina

Nutrients. 2018 Nov;10(11):1819
Nutritional Care of Preterm Infants 2014 (Vol. 110: 121-139). 



Selenio

• Es componente de selenoenzimas (glutatión 
peroxidasa) que previene la formación de 
radicales libres

• Los depósitos de selenio ocurren en el tercer 
trimestre del embarazo

• Signos de déficit: Desórdenes del miocardio y 
del músculo esquelético, macrocitosis, 
anormalidades de las uñas, alopecia y retardo 
del crecimiento

• Signos de toxicidad: daño oxidativo de células y 
tejido

• Recomendación entre 3 a 7 mcg/k/d desde el 
inicio de la NP

Nutrition in clinical practce. 2015 Feb;30(1):44-58



Selenium supplementation to prevent short-term morbidity 
in preterm neonates 

Analysis 1.6. Comparison 1 Supplemental selenium vs placebo or nothing, Outcome 6 One or more

episodes of sepsis.

Review: Selenium supplementation to prevent short-term morbidity in preterm neonates

Comparison: 1 Supplemental selenium vs placebo or nothing

Outcome: 6 One or more episodes of sepsis

Study or subgroup Selenium Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Daniels 1996 8/19 15/19 14.2 % 0.53 [ 0.30, 0.95 ]

Darlow 2000 67/267 86/258 82.9 % 0.75 [ 0.57, 0.99 ]

Huston 1991 3/10 3/10 2.8 % 1.00 [ 0.26, 3.81 ]

Total (95% CI) 296 287 100.0 % 0.73 [ 0.57, 0.93 ]
Total events: 78 (Selenium), 104 (Placebo)

Heterogeneity: Chi2 = 1.40, df = 2 (P = 0.50); I2 =0.0%

Test for overall effect: Z = 2.56 (P = 0.010)

0.1 0.2 0.5 1 2 5 10

Favours treatment Favours control

W H A T ’ S N E W

Last assessed as up-to-date: 6 December 2010.

Date Event Description

7 December 2010 New search has been performed This review updates the existing review “Selenium supplementation to pre-
vent short-term morbidity in preterm neonates” published in the Cochrane
Database of Systematic Reviews (Darlow 2003).
Updated search found no new trials.
No changes to conclusions.

H I S T O R Y

Protocol first published: Issue 4, 2001

Review first published: Issue 4, 2003

18Selenium supplementation to prevent short-term morbidity in preterm neonates (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

• Objetivo: Analizar los beneficios de la 
suplementación de Se en prematuros

• 3 estudios clínicos fueron analizados (534 
RN randomizados)

• Daniels 1996 (3 mcg/kg/d)
• Darlow 2000 (7 mcg/kg/d)
• Houston 1991 (1,5 mcg/k/d)

• Reduccion significativa de sepsis, RR 0.73 
(0.57 to 0.93); RD -0.10 (-0.17 to -0.02); 
NNT 10 (5.9 to 50)

• Reduccion significativa de sepsis, RR 0.73 
(0.57 to 0.93); RD -0.10 (-0.17 to -0.02); 
NNT 10 (5.9 to 50)

• Reduccion significativa de sepsis, RR 0.73 
(0.57 to 0.93); RD -0.10 (-0.17 to -0.02); 
NNT 10 (5.9 to 50)

Cochrane database of systemagc reviews. 2003(4).



Iodo

• En USA no esta incluido en forma rutinaria en la NP, 
mientras que en Europa y Australia es incluido en la 
formulación de micronutrientes

• Aporte externo de iodo puede provenir de uso de 
desinfectantes iodados de piel

• Hay reportes de hipotiroidismo en NP sin iodo
• Se recomienda usar entre 1 a 30 mcg/k/d, 

dependiendo si usa antisépticos con iodo
• Las dosis mas altas en el contexto de obtener un 

balance positivo y en lugares donde ya no se usa 
productos iodados como antiséptcos

• Monitorización: excreción de iodo vía urinaria y 
pruebas de función tiroidea (orincipalmente TSH)

Nutrients. 2018 Nov;10(11):1819



Hierro

• No es necesario suplementar en NP < de 4 
semanas

• Suplementar en NP prolongadas si no se logran 
buenos niveles por vía enteral

• Recomendación: 200 a 250 mcg/k/d
• Administración: intermitente o continuo
• Monitorización regular para detectar deficiencia 

y sobrecarga de hierro
• Sobrecarga de hierro aumenta el stress 

oxidativo y el riesgo de infección

Clinical Nutrition 37 (2018) 2354e2359 

Nutrients. 2018 Nov;10(11):1819



Puntos de corte FerriCna y Hb

122 Domellöf

ly reactive prooxidant, so excessive iron supplementation of infants may have adverse 
effects.

The combination of hemoglobin (Hb) and ferritin is considered the most sensitive 
measure of the effects of iron interventions in children and adults. Age-specific cut-
offs for iron status indicators, including Hb and ferritin, should be used for young 
children since there are large physiological changes in iron status and red cell mor-
phology occurring during the first year of life (table 1) [1].

The main public health problem associated with ID in childhood is the risk of poor 
neurodevelopment. Animal studies have shown that iron is essential for normal brain 
development. Several well-performed case-control studies in children have shown a 
consistent association between ID anemia in infancy and long-lasting poor cognitive 
and behavioral performance. A meta-analysis of 17 randomized clinical trials in chil-
dren (newborn to adolescent) showed that iron supplementation had a positive effect 
on mental development indices [2]. A recent meta-analysis has suggested that preven-
tive iron supplements in infancy (starting at 0–6 months of life) have a positive effect 
on motor development [3].

Unnecessary iron supplementation of iron-replete infants may have adverse ef-
fects, including increased risk of infections and impaired growth [4]. In preterm in-
fants, non-protein-bound iron has been suggested to cause formation of reactive oxy-
gen species and possibly increase the risk for oxidative disorders, e.g. retinopathy of 
prematurity, especially when given in high doses as a component of blood transfu-
sions or as an adjunct to erythropoietin therapy [5].

Since iron cannot be excreted from the body, intestinal absorption of iron is strict-
ly regulated. Preterm infants show a higher fractional iron absorption compared to 
term infants: 25–40% from iron supplements given between feedings [6, 7] and 11–
27% from iron-fortified formula [8, 9]. Studies are lacking on iron bioavailability from 
multinutrient-fortified human milk but it may be higher than from preterm formula 
since, in term infants, iron absorption is significantly higher from human milk com-
pared to formula [10]. However, the iron content in unfortified human milk is very 
low (about 0.3 mg/l) [11].

Using a factorial approach, Griffin and Cooke [9] estimated the iron requirements 
of a preterm infant with a birth weight of 1 kg to reach a maximum of 0.37 mg/kg/
day at around term age. This corresponds to an enteral intake of 1.4–2 mg/kg/day 

Table 1. Recommended cut-offs for the diagnosis of iron overload, iron deficiency and anemia in 
VLBW infants at different ages

Newborn 2 months 4 months 6–24 months

Iron overload: S-ferritin, µg/l >300 >300 >250 >200
Iron deficiency: S-ferritin, µg/l <35 <40 <20 <10–12
Anemia: Hb, g/l <135 <90 <105 <105

Koletzko B, Poindexter B, Uauy R (eds): Nutritional Care of Preterm Infants: Scientific Basis and Practical Guidelines.
World Rev Nutr Diet. Basel, Karger, 2014, vol 110, pp 121–139 (DOI: 10.1159/000358462) D
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Manganeso

• Es un contaminante de la NP, existe debate si se 
debe suplementar

• Puede producir neurotoxicidad y disfunción 
hepática

• Deposito en las ganglios basales (manganismo)
• La vía biliar es su principal vía de excreción
• Mayor riesgo de toxicidad en colestasis hepática
• Monitorización: niveles en sangre total (60–80% 

del manganeso esta contenido en globulos 
rojos), RNM cerebral en caso de sospecha de 
toxicidad por manganeso

Nutrients. 2018 Nov;10(11):1819
Nutritional Care of Preterm Infants 2014 (Vol. 110: 121-139). 



Cromo

• Potencia la acción de la insulina y mejora la 
tolerancia de la glucosa

• Toxicidad produce alteración de la filtración 
glomerular y daño tubular renal. No aportar en 
caso de insuficiencia renal

• Es un contaminante de la NP
• ESPGHAN recomienda no suplementar y ASPEN 

redujo la recomendación de aporte

Nutrients. 2018 Nov;10(11):1819
Nutritional Care of Preterm Infants 2014 (Vol. 110: 121-139). 



Molibdeno

• Molibdeno se considera un contaminante de la 
NP

• No hay reportes de deficiencia incluso sin 
aporte

• ESPGHAN/ESPEN recomienda 1 mcg/k/d en 
prematuros y 0,25 mcg/k/d en niños mayores 
sólo en aquellos con NP prolongada

• ASPEN y AuSPEN no lo suplementan
• Se necesitan estudios para determinar si el nivel 

de contaminación es suficiente para suplir la 
necesidades

Nutrients. 2018 Nov;10(11):1819
Nutritional Care of Preterm Infants 2014 (Vol. 110: 121-139). 



Zinc

• 60% del zinc es depositado o adquirido en el 
tercer trimestre

• Prematuros son menos eficientes para absorber 
y retener zinc para el crecimiento

• Los humanos no genen reservas funcionales de 
zinc excepto las RN termino que recurren al zinc 
hepágco acumulado durante la gestación 

Nutrients 2015, 7, 10427–10446 



Funciones del Zinc

Nutrients 2015, 7, 10427–10446

i.e., oxidoreductases, transferases, hydrolases, lysases, isomerases and ligases, all require zinc [1].
During the enzymatic processes, zinc may have (1) a catalytic role (it has roles directly in catalytic
processes), (2) a coactive role (by enhancing or diminishing catalytic functions) and a structural role
(it is required for quaternary structure stability of enzymes) [4]. Metallothioneins (MTs) are the most
abundant cysteine-rich proteins containing zinc [5]. These proteins have an important antioxidant
activity and stabilize cell membranes only in the presence of zinc [6]. Zinc is also required for the DNA
binding proteins involved in the regulation of gene expression [7–9]. The glucocorticoid and estrogen
receptors are examples of zinc hormonal receptor proteins. They are members of a multigene family
that includes receptors for thyroid hormone, retinoic acid, and vitamin D [10]. The DNA binding
domain of these proteins contains zinc. Removal of this element yields hormonal receptors that do
not bind DNA when activated by glucocorticoids or estrogens.

Figure 1. Zinc role in stabilizing protein quaternary structure [2].

The characteristic of the zinc is, certainly, its even distribution throughout the body. Functionally,
zinc participates in cell division and growth, intestinal electrolyte absorption, neurotransmission,
immune response, thymus activity, and vision (Figure 2) [11–17]. Consequently, numerous functions
in humans are affected by zinc deficiency, particularly during periods of increased metabolism.
However, clinical manifestations become evident only with severe deficiency; dermatitis, diarrhea,
neurological disorders, growth failure, infections and delayed tissue healing following injuries are
the most frequent clinical consequences of zinc deficiency. In early life, zinc deficiency may affect
embryogenesis and may influence duration of pregnancy. After birth, a major factor associated with
the development of zinc deficiency is its inadequate intake. Additional exacerbating factors include
high physiological requirements, excessive losses by pathological conditions, intestinal failure and
treatment with some drugs [18]. With some degree of variability, as with many other nutrients, human
do not have functional reserves or body stores of available zinc, except neonates born at term, who
may be able to draw on the hepatic zinc accumulated during the entire gestational period [19]. These
aspects are of particular importance for preterm neonates. In this population, high requirements
for growth and environmental injuries, physiological intestinal insufficiency and frequent use of
antibiotics, significantly increase the risk of zinc deficiency. In addition, preterm birth reduces the
duration of pregnancy and thus the amount of hepatic stores available during periods of reduced
zinc intake.

Consequently, preservation of a positive zinc balance in the mother during pregnancy and
lactation, and in neonates, is of critical importance in early life for the possible consequences on
health, growth and development.

Starting from these considerations, we carried out a narrative review, analyzing current
literature, with the subsequent aims to:

1. Explore the role of zinc in early life including embryogenesis, fetal and neonatal life.
2. Analyze the criteria used for the diagnosis of zinc deficiency in preterm neonates.
3. Investigate the consequences of zinc deficiency in preterm neonates.
4. Evaluate the adequacy of current recommendations on zinc for preterm neonates.

10428

• Estructura y función proteica incluyendo enzimas, 
factores de transcripción, receptores hormonales y 
membrana biológicas

• Forma parte de 200 metalo-enzimas, 
• Expresión génica, neurotransmisión, apoptosis, 
• Rol en la respuesta inflamatoria
• Participa en el metabolismo de proteínas, 

carbohidratos y lípidos

Nutrients 2015, 7, 10427–10446 



Manifestaciones 
de Deficiencia de 

Zinc

• Dermatitis
• Diarrea
• Alteraciones neurológicas
• Falla de crecimiento
• Infecciones
• Retardo en la curación de las heridas



Nutrients 2015, 7, 10427–10446

Figure 4. Zinc balance in fetal and neonatal life [132,133].

8. Excessive Exposure to Zinc

Zinc supplementation is generally safe. However, an excess of zinc (>20 mg/Kg/day) may
influence absorption and retention of other trace elements such as copper and vitamin A [50,74].
Zinc may induce copper deficiency by inhibiting the gastrointestinal absorption [134]. On the other
hand, copper supplementation boosts the conjugation of zinc with large molecules and depletes
the ratio of zinc coupled with smaller molecules, thereby suggesting an antagonism between the
transport of these two elements [135]. Indeed, no cases of hypocupremia have been described in
trials using zinc in neonates (with doses ranging from 2 to 10 mg/Kg/day) not even when copper
was not supplemented.

Zinc status influences vitamin A absorption, transport and utilization [74]. Evidence of an effect
of zinc intake on vitamin A status from animal experiments are inconclusive, mainly because of the
use of inadequate control groups [136]. Randomized trials in children have failed to show a consistent
effect of zinc supplementation on vitamin A status [137] and there is no such evidence in neonates. To
the best of our knowledge, none of the other potential consequences of zinc excess, such as cytopenias
or myeloneuropathy, has been reported in neonates.

9. Conclusions

Zinc plays a crucial role during the first phase of life, including embryogenesis and fetal life.
Preterm neonates continue their “fetal” development in an extra-uterine environment. Consequently,
zinc stores are not completed and its requirement increase in babies born prematurely. Considering
the large number of roles played by zinc in early life, the consequences of zinc deficiency in
preterm neonates are extremely variable and may be severe in many cases. A large percentage
of preterm neonates is affected by mild to moderate subclinical zinc deficiency. Diagnosis of zinc
deficiency, especially if of mild severity, is not easy due to its nonspecific features and to the lack
of highly sensitive biomarkers. On the other hand, early diagnosis may be essential to avoid severe
consequences of zinc deficiency. Clinical evaluation and research of the risk factors associated with
the measurement of serum level of zinc is the most appropriate approach in the diagnosis of zinc
deficiency. Dealing with the deficiency by zinc supplements is highly effective in neonates, with

10439

Nutrients 2015, 7, 10427–10446 



Recomendaciones de aporte 
parenteral de Zinc

Nutrients 2018, 10, 1819 8 of 17

Table 1. Comparative summary of recommendations for trace element supplementation in paediatric parenteral nutrition.

Source
Preterm Infant

<3 kg
(µg/kg/day)

Infant
3–10 kg

(µg/kg/day)

Child/Adolescent
>10 kg

(µg/kg/day)

Max Dose/Adult Dose
(µg/day)

Zinc

ESPGHAN/ESPEN 2018 [3] 400–500 100–250 50 5000
AuSPEN 2014 [2] NA NA 3200–6500 µg/day (>15 years) 6500

ASPEN 2012,2015 [4,69] 300 100 100 3000–5000
Wong 2012 [13] 400 250 50 2500–5000

ESPGHAN/ESPEN 2005 [7] 450–500 100–250 50 5000
ASPEN 2004 [6] 400 50–250 50–125 5000

AuSPEN 1999 [8] † 200–425 100–250 30–200 3200–6500
ASCN, 1988 [37] 400 100–250 50 5000

Copper

ESPGHAN/ESPEN 2018 40 20 20 500
AuSPEN 2014 NA NA 300–500 µg/day (>15 years) 500

ASPEN 2012,2015 20 20 20 300–500
Wong, 2012 20 20 20 300–500

ESPGHAN/ESPEN 2005 20 20 20 NG
ASPEN 2004 20 20 5–20 500

AuSPEN 1999 † 20 20 20–25 1270
ASCN, 1988 20 20 20 300

Selenium

ESPGHAN/ESPEN 2018 7 2-3 2–3 100
AuSPEN 2014 NA NA 60–100 µg/day (>15 years) 100

ASPEN 2012,2015 2 2 2 60–100
Wong, 2012 5–7 2 2 30–60

ESPGHAN/ESPEN 2005 2–3 NG NG NG
ASPEN 2004 1.5–2 2 1–2 40–60

AuSPEN 1999 † 1.3–2 2–3 2.4 30–120
ASCN, 1988 2 2 2 30

Iodine

ESPGHAN/ESPEN 2018 1–10 1 1 NG
AuSPEN 2014 NA NA 130 µg/day (>15 years) 130

ASPEN 2012,2015 NG NG NG NG
Wong, 2012 30 0–1 0–1 (NG for >40 kg) NG

ESPGHAN/ESPEN 2005 NG 1 µg/day 1 µg/day NG
ASPEN 2004 NG NG NG NG

AuSPEN 1999 † 0.5–9 0.9 0.5–1 130
ASCN, 1988 1 1 1 1

Nutrients. 2018 Nov;10(11):1819



Zinc
• Prematuros con ostomia, diarrea, 

enfermedades exudativas de piel, quemaduras
• Doblar la dosis recomendada en caso de 

pérdidas elevadas de zinc, monitoreando los 
niveles de zinc

Nutrients. 2018 Nov;10(11):1819



Molybdenum (Mo) is essential for several enzymes involved in
the metabolism of DNA. It is required by 3 enzymatic systems:
xanthine dehydrogenase/oxidase, aldehyde oxidase, and sulfite
oxidase. Mo deficiency may lead to cardiac and neurologic symp-
toms, in particular tachycardia and coma, together with high blood
concentrations of sulfite and urate. To our knowledge there are no
reports of Mo deficiency in infants. However, low-birth-weight
infants (LBW) might be at particular risk for Mo deficiency. There
are no toxicity data available in humans. In animals, Mo intoxica-
tionmay cause diarrhea, impaired growth, infertility, gout, andmay
affect lung, kidney and liver function. Excess of Mo may interfere
with Cu metabolism. There is no need for Mo during short term PN.
However, in long term PN (>4 weeks), an intravenous intake of 1
mcg/kg per day (0.01mmol/kg per day) seems to be adequate and is
recommended for the LBW infant [1]. A daily parenteral intake of
0.25 mg/kg per day is recommended for infants and children (to a
maximum of 5.0 mg/day) [1] (Table 1).

9. Chromium

Chromium (Cr) is believed to be an essential micronutrient
required for carbohydrate metabolism. There are no reported cases
of Cr deficiency in children. The main concern of Cr in PN is the risk
of Cr contamination of PN components. Deficiencies as well as
increased serum Cr level have been described in patients receiving
long-term PN. High serum Cr competes with iron for binding to
transferrin and, hence negatively interferes with iron metabolism
and storage. A daily intake of 0.2 mg/kg per day has been recom-
mended for infants and children (maximum of 5 mg/day) receiving
PN, although there is some evidence that lower intakes would be
adequate. Supplementation is unnecessary since Cr contaminates
PN solutions to a degree that satisfies requirements [1] (See
Table 1).

Conflict of interest

None declared.

Appendix

R 7.20 Cr contaminates PN solutions to a degree that satisfies
requirements; therefore, additional supplementation of Cr is
considered unnecessary and Cr intake from PN should not
exceed 5 mg/day. (GPP, conditional recommendation, strong
consensus)

Table 1
Estimated parenteral requirements of iron and trace minerals (mg/kg/d).

Mineral Preterm 0e3 mo 3e12 mo 1e18 y Max dose

Iron 200e250 50e100 50e100 50e100 5 mg/d
Zinc 400e500 250 100 50 5 mg/d
Copper 40 20 20 20 0,5 mg/d
Iodine 1e10 1 1 1
Selenium 7 2e3 2e3 2e3 100 mg/d
Manganese !1 !1 !1 !1 50 mg/d
Molybdenum 1 0.25 0.25 0.25 5 mg/d
Chromium e e e e 5 mg/d

Table: List of recommendations for iron and trace minerals

R 7.1 In patients receiving PN, iron supplementation should preferentially
be given enterally rather than parenterally, if tolerated. (LoE 4, RG 0,
strong recommendation)

R 7.2 Routine provision of iron in parenteral nutrition should not be given
for short term PN (<3 weeks) (LoE 4, RG 0, conditional
recommendation)

R 7.3 Patients receiving long-term PN, who cannot maintain adequate
iron status using enteral iron supplements, should receive
parenteral iron supplementation. (LoE 4, RG 0, strong
recommendation)

R 7.4 Parenteral iron can be given daily added to PN solution or as
intermittent, separate infusions. (GPP, conditional
recommendation)

R 7.5 If given daily, and assuming no enteral iron supplementation,
routine parenteral iron supplements should be given at a dose of
200e250 mg/kg/day in preterm infants and 50e100 mg/kg per day
up to a maximum dose of 5 mg/day in infants and children. (LoE 4,
RG 0, conditional recommendation)

R 7.6 Even though currently no intravenous iron preparation is approved
for pediatric use in Europe, iron sucrose is the most studied iron
preparation in children, severe adverse events are rare and it is
approved in the USA for use in children from 2 years of age. It is
therefore recommended for intermittent infusions. (LoE 3, RG 0,
strong recommendation)

R 7.7 Iron status (at least ferritin and hemoglobin) should be monitored
regularly in patients on long-term PN in order to prevent iron
deficiency and iron overload. (LoE 4, RG 0, strong recommendation)

R 7.8 Zn should be provided with PN at a dose of 400e500 mg/kg/d in
preterm infants, 250 mg/kg/d in infants from term to 3 months,
100 mg/kg per day for infants from 3 to 12 months and 50 mg/kg/d in
children >12 months of age, up to a maximum of 5 mg/d for routine
supplementation. (LoE 4, RG 0, strong recommendation)

R 7.9 Zn status (serum Zn, alkaline phosphatase) should be periodically
monitored in patients on long-term PN and more often in those
with high gastrointestinal fluid output (usually ileostomy losses),
who may have significantly higher Zn requirements. (LoE 3, RG 0,
strong recommendation)

R 7.10 Cu should be provided with PN at a dose of 40 mg/kg/day in preterm
infants and 20 mg/kg/day in term infants and children up to a
maximum dose of 0.5 mg/d for routine supplementation.). (LoE 4,
RG 0, strong recommendation)

R 7.11 Plasma Cu and ceruloplasmin should be monitored in patients on
long term PN, especially if they develop PN associated liver disease
or if they have high gastrointestinal fluid losses. (LoE 3, RG 0,
conditional recommendation)

R 7.12 Iodine should be provided with PN at a daily dose of 1e10 mg/kg
daily in preterms and at least 1 mg/kg/day in infants and children.
(LoE 4, RG 0, strong recommendation)

R 7.13 Patients on long-term PN should be regularly monitored for iodine
status by measuring at least thyroid hormone concentrations (LoE 4,
RG 0, conditional recommendation)

R 7.14 Se should be provided with PN at a dose of 7 mg/kg/day in preterms
and 2e3 mg/kg/day in infants and children up to a maximum dose of
100 mg/day for routine supplementation. (LoE 4, RG 0, strong
recommendation)

R 7.15 Se status (plasma Se) should be monitored regularly in long term PN
and in patients with renal failure. (LoE 4, RG 0, conditional
recommendation)

R 7.16 Mn should be supplied in long term PN at a dose of no more than
1 mg/kg/day (maximum of 50 mg/d for routine supplementation)
(LoE 4, RG 0, conditional recommendation)

R 7.17 Blood Mn concentrations should be monitored regularly in patients
on long term PN (LoE 4, RG 0, conditional recommendation)

R 7.18 If the patient develops cholestasis, blood concentrations of Mn
should be determined and parenteral Mn should discontinued (LoE
3, RG 0, strong recommendation)

M. Domell€of et al. / Clinical Nutrition 37 (2018) 2354e23592358

Clinical Nutrition 37 (2018) 2354e2359 



Aportes de Micronutrientes (mcg/kg/d)

EPSGHAN 2018

Nutrients 2018, 10, 1819 

Nutriente Prematuro RN 
Término

Tracelyte
0,04 ml/kg

Addaven
0,5 ml/k

Peditrace
2 ml/k

Zinc 400-500 250 40 250 500

Cobre 40 20 20 19 40

Selenio 7 2-3 ------- 4 4

Iodo 1-10 1 ------- 6,5 2

Hierro 200-250 50-100 ------- 55 -------

Manganeso < 1 < 1 8 2,5 2

Cromo -------- -------- ------- 0,5 -------

Molibdeno 1 0,25 ------- 0,5 -------



Conclusiones

Nutritional Care of Preterm Infants 2014 (110): 121-139. Karger Publishers.

Los RN prematuros se beneficiarían de oligoelementos que refleje 
específicamente los requerimientos y minimice los riesgos de 
toxicidad

Zinc, cobre, selenio y iodo debiera añadirse durante la primera 
semana de nacido. 

Hierro, manganeso, cromo y molibdeno raramente se necesitan en 
RN de MBPN pero debiera considerarse en falla intestinal que 
requiere NP total  por periodo prolongado



Calcio y Fósforo y 
Nutrición Parenteral



Randomized control trials

Enhanced feeding in very-low-birth-weight infants may cause electrolyte
disturbances and septicemia e A randomized, controlled trialq
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s u m m a r y

Background & aims: High supply of protein and energy has been introduced to very-low-birth-weight
infants to improve growth and cognitive development. The aim of this study was to compare two
different feeding strategies on postnatal growth and clinical outcome during neonatal hospitalization.
Methods: Fifty very-low-birth-weight infants were randomized to either an enhanced or a standard
feeding protocol within 24 h after birth. Chi-square and T-tests were applied.
Results: First week protein, fat and energy supply was significantly higher in the intervention group
compared to the control group (all P < 0.001). After inclusion of 50 patients we observed a higher
occurrence of septicemia in the intervention group, 63% vs. 29% (P ¼ 0.02), and no more patients were
included. The infants in the intervention group demonstrated improved postnatal growth, but they also
disclosed significant electrolyte deviations during the first week of life with hypophosphatemia, hypo-
kalemia and hypercalcemia. First week phosphate nadir was lower in the infants experiencing septicemia
(1.23 (0.50) mmol/L) as compared to the infants without (1.61 (0.61) mmol/L) (P ¼ 0.03).
Conclusion: Our study implies that enhanced feeding may induce electrolyte imbalances in VLBW infants,
and that deleterious side effects similar to those seen in refeeding syndrome may occur.
ClinicalTrials.gov, number NCT01103219 and the EudraCT number is 2010-020464-38.

! 2012 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Postnatal growth restriction (weight < 10th percentile)
is common among very-low-birth-weight (VLBW, birth
weight < 1500 g) infants and has led to the adoption of more

comprehensive nutritional regimens to improve growth and
clinical outcome.1e5 Particularly the supply of protein and energy
during the first week of life seems to play a major role for growth
and cognitive development, and standardized ready-to-use
solutions with high nutrient density make it possible to provide
nutrients according to recent recommendations even shortly after
birth.3,6e8 An initial amino acid supply of 3.0e3.5 g/kg/d is
encouraged for these infants,9e11 but there is some uncertainty
about safety in the most immature and growth-restricted
infants.12e14

In a previous study from our institutions, the number of VLBW
infants classified as growth restricted increased from 33% at birth to
58% at discharge.15 Thus, we designed a randomized, controlled
multi intervention trial to compare the effect of two diets on
postnatal growth.16 The primary hypothesis was that the multi-
component intervention, including high supply of protein, energy
and essential fatty acids, would reduce the proportion of VLBW

Abbreviations: VLBW, very-low-birth-weight; BW, birth weight; LCPUFA, long
chain polyunsaturated fatty acids; DHA, docosahexaenoic acid; AA, arachidonic
acid; NEC, necrotizing enterocolitis; IVH, intraventricular hemorrhage; PVL, peri-
ventricular leukomalacia; ROP, retinopathy of prematurity; BPD, bronchopulmo-
nary dysplasia; PDA, persistent ductus arteriosus; SGA, small for gestational age;
ATP, adenosine triphosphate.
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• Objegvo : Describir las alteraciones electrolígcas y su 
asociación entre aporte de nutrientes y sepgcemia

• Prematuros MBPN randomizados, 24 casos y 26 
controles

• Casos aa 3,5 g/k/dia, SMOF lipid 2 g/k/dia y  control 
2 g/k/dia desde primer dia de vida y ClinOleic 0,5 
g/k/d, CG 5,8 mg/k/min

concentrations in Fig. 1. There was no difference in the initial
sodium, potassium and ionized calcium concentrations between
the groups, and we did not observe any difference in maximum
potassium concentrations during the first week. The highest
measured potassium concentration ranged from3.96 to 6.28mmol/
L in the intervention group and from 4.12 to 7.93 mmol/L in the
control group. Only 2 infants (both in the control group) had
levels! 6.5 mmol/L, and these concentrations weremeasured early
on the first day of life and resolved without treatment, However,
during the first week of life hypokalemia (<3.5 mmol/L) and
hypophosphatemia (<1.4 mmol/L) were observed significantly
more often in the intervention group compared to the controls
(Table 4) and additional supplementation of potassiumwas given to
12 infants and of phosphate to 7 infants in the intervention group,
but not to any infants in the control group.

We did not have blood samples to assess daily development of
phosphate or magnesium concentrations, but phosphate concen-
trations correlated positively with the potassium concentrations
and inversely with the ionized calcium concentrations (Table 2,
Supplementary Appendix).19,20 Already by day 3, hypo-
phosphatemia was observed in 10/22 infants in the intervention
group compared to 4/23 infants in the control group (P¼ 0.04). The
rate increased further to 17/22 in the intervention group and to 6/
23 in the control group by the end of the week (P ¼ 0.001). Nine
infants in the intervention group developed marked hypo-
phosphatemia (#0.9mmol/L) in the first week as compared to none
among the controls (P ¼ 0.001); adding up to a total of 10/23 (43%)
in the intervention group and 1/23 (4%) in the control group
(P ¼ 0.002) by the second week. Among the infants with marked
hypophosphatemia, 73% (8/11) had septicemia, compared to 37%
(13/35) of the infants with phosphate levels > 0.9 mmol/L
(P¼ 0.04). First week phosphate nadir was lower in the infants with
septicemia compared to those without, 1.23 (0.50) mmol/L vs.
1.61 (0.61) mmol/L, respectively (P ¼ 0.03).

When adjusted for BW, the difference in phosphate and potas-
sium nadirs between the intervention and control group remained
significant (P < 0.001 and P ¼ 0.03, respectively).

Table 4
Electrolyte concentrations in the first week of life.

Intervention Control P-value

Sodium (mmol/L)
n ¼ 48

1st sample, n ¼ 45 136.6 (5.08) 137.6 (2.97) 0.42
Mean 1st week 139.0 (2.44) 138.9 (3.88) 0.95
Maximum 1st week 146.1 (3.55) 145.2 (4.80) 0.47
Minimum 1st week 129.5 (7.03) 130.3 (8.58) 0.74

Potassium (mmol/L)
n ¼ 48

1st sample, n ¼ 45 4.34 (0.71) 4.41 (0.95) 0.77
Mean 1st week 3.94 (0.47) 4.23 (0.35) 0.02
Maximum 1st week 5.09 (0.62) 5.38 (0.88) 0.20
Minimum 1st week 3.06 (0.55) 3.47 (0.39) 0.004

Ionized calcium
(mmol/L) n ¼ 48

1st sample, n ¼ 45 1.27 (0.09) 1.25 (0.14) 0.52
Mean 1st week 1.36 (0.13) 1.30 (0.07) 0.05
Maximum 1st week 1.59 (0.21) 1.46 (0.11) 0.01
Minimum 1st week 1.11 (0.13) 1.09 (0.14) 0.71

Phosphate (mmol/L)
n ¼ 45

Day 3, n ¼ 45 1.37 (0.43) 1.90 (0.44) <0.001
Maximum 1st week 1.41 (0.44) 1.96 (0.40) <0.001
Minimum 1st week 1.08 (0.53) 1.78 (0.42) <0.001

Magnesium (mmol/L)
n ¼ 44

Day 3, n ¼ 43 0.91 (0.13) 0.96 (0.12) 0.18
Maximum 1st week 0.95 (0.12) 0.97 (0.12) 0.47
Minimum 1st week 0.85 (0.21) 0.92 (0.11) 0.21

Hypophosphatemia
(<1.4 mmol/L)

1st week, n ¼ 45 17/22 (77%) 6/23 (26%) 0.001

Hypokalemia
(<3.5 mmol/L)

1st week, n ¼ 48 21/24 (88%) 11/24 (46%) 0.005

Values are means (SDs) or frequencies (%).
First week data include 817 sodium, 820 potassium, 806 calcium, 72 phosphate and
73 magnesium measurements.
The first blood gas analysis was on average obtained after 2.16 (1.76) h in the
intervention group and 2.42 (1.35) h in the control group (P ¼ 0.59).

Fig. 1. Electrolyte concentrations during the first week. Means and 95% confidence
interval, n ¼ 48.
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Intervención Controles P

Sepsis tardia.                                                    15/24 (62,5%)    7/24 (29%)   p=0,02  

La hipofosfemia severa (< 2,7 mg/dl) se presentó en el 43% de los casos y de éstos el 
73% tuvo sepCcemia comparados con el 37% de aquellos con hipofosfemia no severa 
(< 4,2 mg/dl) 
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En la tabla 1 se resumen publicaciones sobre la hi-
pofosfemia precoz en el prematuro, con variada inci-
dencia, en parte por las definiciones de valores bajos 
descritas, pero también por diferente manejo nutricio-
nal y grupos estudiados. Del análisis de estas publica-
ciones se observa que el ser pequeño para la edad ges-
tacional (PEG), a mayores aportes de aminoácidos, el 
desbalance en relación Ca:P y los aportes insuficientes 
de fósforo interactúan para determinar hipofosfemia. 

Las publicaciones muestran que el fósforo se debe 

administrar desde el inicio de la nutrición parenteral, 
con mayor cantidad si se inician aminoácidos en altas 
dosis. La cantidad de fósforo requerida en la parenteral 
se puede estimar aproximadamente en base al aporte 
de calcio y proteínas como = Calcio en mg/k/día/2.15+ 
(aminoácidos en g/K/d-1,3) *0,8 *12,3 . Este cálculo no 
considera el aporte enteral, ni el fósforo necesario para 
reponer el déficit, pero permite una estimación basal a 
considerar6,26. La relación Ca:P inicial debe ser 1:1 en 
Mmol o 1,3:1 en mg15.

Tabla 1 Resumen de publicaciones de hipofosfemia precoz en RNMBPN

Autor N Criterios ingreso Intervención Incidencia de hipofosfemia o valores observados

Ichikawa,
201219

58 RN < 1.000 g
AEG y PEG

Aá día 1: 0,5 aumento 0,5 por día a 
2,5 g/k/d
Ca: P = 4-7:1

Hipofosfemia < 2,7 mg/dl día 8
PEG 53%
AEG 12%
Hipercalcemia > 11 mg/dl día  8
PEG 71%
AEG 56%   

Moltu, 
201210

48 RN < 1.500 g Aá sem 1: 3,7 g/k/d
P  29 mg/k/d

Fosfemia mínima sem 1 3,2 mg/dl
Hipofosfemia < 4,2 mg/dl 77%
Sepsis 63%

Aá sem 1: 2,5 g/k/d
P 25 mg/k/d

Fosfemia mínima sem 1 5,3 mg/dl
Hipofosfemia < 4,2 mg/dl 26%
Sepsis 29%

Bonsante, 
20136

154 RN < 33 sem Alpar día 1 , Aá < 1,2 
 g/k/d  P 16 mg/k/d

Hipofosfemia severa < 3 mg/dl 
Con AA 1,2 g/k/d 0%

Aá 1,8 g/k/d P 19 mg/k/d Con AA 1,8 g/k/d  4,6%

Aá 2,3 g/k/d P 21 mg/k/d Con AA 2,3 g/k/d 12,5% 

Ross, 
201318

2.253 RN < 1.500 g
AEG y PEG

2001-2005 Sol. glucosada, día 1-3
2005-2010 Sol.  glucosada + Aá día 
1-3

PEG: hipofosfemia 41% 
AEG: hipofosfemia 9% 
Preclampsia OR 2,58
Período 2005-10 OR  3,13

Christmann, 
201414

79 RN < 34 sem Ca 100 mg/dl
glicerofosfato 48 mg/dl

Hipofosfemia < 5,5 mg/dl 34% 
Hipercalcemia > 10,6 mg/dl 45% 

Broubed, 
201515

48 RN 24-27 sem
AEG y PEG

Aá 2 g/k/d desde día 1
Líp 1 g/k/d Gluc 6 g/k/d
Electrolitos después día 1

Hipofosfemia < 4,8 mg/dl 3-4 día
PEG 40%
AEG 9% 

Brener, 
201513

61 RN < 1.250 g Aá 3-3,5 g/k/d día 1
Lípidos 3 g/k/d día 1
Ca: P 2:1 día 1

Hipofosfemia < 4 mg/dl 91%
Leve-moderada 2-4 mg/dl 57% 
Severa < 2 mg/dl 34%

Senterre, 
201516

102 RN < 1.250 g Aá 2,7 g/K/d día 1 al 3
Ca   60 y P 40 mg/k/d

Hipofosfemia < 5mg/dl 37%
Severa < 3 mg/dl 5%
Hipercalcemia  13%

Moe, 
201517

108 RN < 28 sem
AEG y PEG

Aá 2,1 P  40 Ca 0 Fosfemia promedio 2 sem 5,4 ± 1,3

Aá 3,1 P   2 Ca 20 Fosfemia promedio 2 sem 3 ± 1,4

Aá 3,1 P  32 Ca 48 Fosfemia promedio 2 sem 4,2 ± 1,1

Bustos,
201712

20 RN < 1.500 g
Consentimiento 
informado

Aá 2 g/k día 1 Calcio día 1
Fosforo día 3

Hipofosfemia < 4 mg/dl 45%
Severa < 3 mg/dl 25%

Mulla, 
201715

100 RN < 37 sem con 
parenteral

Ca: P 1,5:1-1,3:1 mMol  vs
Ca: P 1:1 mMol (1,7/100ml)

Hipofosfemia < 4,5 mg/dl 61 vs 35%
Hipercalcemia > 12 mg/dl 61 vs 20%

RN recién nacido. AEG Adecuado para edad gestacional. PEG pequeño para edad gestacional. Aá aminoácidos. Lip lípidos. Gluc glucosa. 
Alpar alimentación parenteral. Sem semana. Sol solución. RNMBPN Recién nacido de muy bajo peso de nacimiento. Ca Calcio. P Fósforo.

Hipofosfemia en recién nacidos - M. P. Cubillos C. et al

Rev Chil Pediatr. 2018;89(1):10-17



DiagnósCco de Hipofosfemia

Niveles menores de 4,5 mg/dl

Moderada entre 2,5 a 4,5 mg/dl

Severa < 2,5 mg/dl



Mecanismo de 
Hipofosfemia 
Precoz

Results

One hundred and fifty-four infants were included. A total of
813 Ca and 436 P plasma determinations were performed. In
total, 465 Ca urine collections were obtained.

Table 1 shows the multivariate analysis. The main
independent factor influencing calcemia and phosphatemia
was AA intake. Also phosphorus intake was an important
independent factor for both Ca and P plasma levels.

Antenatal, postnatal characteristics and nutritional intake for
the three groups are summarized in Table 2. The HAA group
was similar to the MAA group with regard to BW and GA, but
differed from the LAA group. AA intake was different by
definition among the groups, as was energy intake. Ca and P
intake were not much different in the groups.

The group analysis confirmed the influence of the AA intake
on the homeostasis of Ca. Calcemia was significantly higher in

the HAA group as was the incidence of severe hypercalcemia
(Ca > 2.8 mmol/L). Calcium urine output was very important in
the HAA group by the end of the week. Despite these high
levels of calciuria, the Ca balance remained positive at any
time for all the groups. Phosphatemia was strongly influenced
by early nutrition, with very low plasma levels in the HAA group
and a significant risk of hypophosphatemia (P < 1 mmol/L)
(Table 3).

Figure 1 shows the day-by-day evolution of plasma Ca and
P, with a clear inverse relationship between the two ions.
Figure 2 presents the daily urine output of calcium.

Table 2 shows the estimated P need and P deficit for the 3
groups. The results of linear regression procedures between
the cumulative estimated P deficit and calcium and phosphate
plasma levels are expressed in Table 4 and graphically shown
in Figure 3.

Figure 5.  Hypothesis for the mechanism of the Placental Incompletely Restored Feeding syndrome of the preterm infant
(PI-ReFeeding syndrome).  The parenteral supply of amino acids and energy maintains the cell in an anabolic state and promotes
its uptake of phosphorus and potassium. This causes a decrease of their plasma concentrations in the absence of an adequate
intake.
doi: 10.1371/journal.pone.0072880.g005

Early AA Influence P and Ca Metabolism in Preterm

PLOS ONE | www.plosone.org 6 August 2013 | Volume 8 | Issue 8 | e72880
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Aporte de AA 
con glucosa

Aumento de la 
insulina y 

anabolismo

Entrada de 
fósforo junto 
con el potasio 

a la célula 

Salida del 
calcio desde el 

hueso 
produciendo 

una 
hipercalcemia

Sepsis tardia
Hiperglicemia 
Prolongación 
de problemas 
respiratorios 

SINDROME DE REALIMENTACION EN PREMATUROS
Mayor riesgo:

Prematuros con RCIU
A > aporte de aa
Desbalance Ca/P
Aporte insuficiente de P

Aparece en los primeros 3 a 4 días

P 3 a 4 día de vida



Prevención • Aportar fósforo desde el inicio de la NP
• A mayor aporte de aa mayor aporte de fósforo

Ca (mg/k/d) / 2,15 + (aa (g/k/d) -1,3) x 0,8 x 12,3

40
2,15

+ 2 − 1,3 ∗ 0,8 ∗ 12,3 = 30 𝑚𝑔 𝑑𝑒 𝑃

40
2,15

+ 3 − 1,3 ∗ 0,8 ∗ 12,3 = 35 𝑚𝑔 𝑑𝑒 𝑃

Relación Ca/P 1/1 Mmol o 1,3/1 en mg

Rev Chil Pediatr. 2018;89(1):10-17

www.plosone.org August 2013;Volume 8:Issue 8 
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El aporte de fósforo incorpora sodio o potasio se-
gún la sal utilizada, los que pueden iniciarse con la nu-
trición parenteral el primer día. El balance de potasio 
es positivo en el 94% de los casos cuando el aporte de 
Aá es mayor de 2 g/k/día y es negativo en el 92% cuan-
do el aporte de AA es menor de 1,5 g/k/d26. El sodio 
puede ser iniciado en dosis de 1 a 1,8 mEq/k desde el 
primer día de vida, sin producir problemas8.

Programar adecuadamente el aporte parenteral y 
enteral y controlar fosfemia, tanto como se controla la 
calcemia en la primera semana, permitirá minimizar el 
riesgo. Dadas las limitaciones de volumen de aporte en 
los primeros días, probablemente es difícil un aporte 
≥ 3 g/k/d de Aá con un aporte suficiente de calcio y 
fósforo. Iniciar la parenteral en forma más proporcio-
nada, con Aá de alrededor de 2 g/k/día, con aumento 
progresivo, y con minerales y electrolitos proporciona-
les desde el primer día permitirá evitar hipofosfemia y 
reducir el impacto en la evolución respiratoria e infec-
ciosa8,15,17.

Una vez detectada la hipofosfemia puede ser nece-
sario invertir la relación Ca:P a 0,6-0,8:1 en mg. en la 
solución parenteral hasta normalizar el fósforo, en es-
pecial, si no se cuenta con glicerofosfato de sodio, que 
contiene 1 mmol de fósforo y 2 mEq de sodio por ml., y 
que es mucho más soluble con gluconato de calcio que 
el fosfato de potasio (tabla 2).

Hipofosfemia tardía

La hipofosfemia tardía también fue descrita en re-
lación a desbalance del aporte de proteínas y de fós-
foro, pero hace más de 30 años, al cambiar del uso de 
leche de banco, a leche materna de su propia madre, 
con mayor contenido de proteínas, favorable para un 
mayor crecimiento, pero con igual cantidad de fósforo, 
muy bajo para cubrir requerimientos del MBPN. Nue-
vamente se observó hipofosfemia con hipercalcemia, 
hipercalciuria27. El primer estudio de suplemento con 
sólo fósforo mostró que se debía administrar calcio y 
fósforo, lo que fue incorporado posteriormente a los 
fortificantes28. Los altos requerimientos de mineral en 
el prematuro son difíciles de alcanzar, especialmen-
te cuando el aporte es parenteral y hay morbilidad y 
terapias que afectan la disponibilidad mineral. Así se 
produce la enfermedad metabólica ósea del prematuro 
(EMOP) con alteraciones que van desde una leve dis-
minución de la mineralización ósea hasta la presencia 
de fracturas y/o signos radiológicos de raquitismo29,30. 
El contenido mineral óseo por DEXA (dual-energy-
xray-absorptiometry) es la medición más adecuada 
para evaluar la alteración, pero no se usa habitualmen-
te en la clínica. La fosfemia baja asociada a aumento 
de las fosfatasas alcalinas es lo más empleado, actual-

mente los niveles altos de PTH con fosfemia dismi-
nuida parecen ser los mejores marcadores clínicos31. 
Generalmente los niveles de 25 OH vitamina D están 
normales o levemente reducidos y la PTH elevada por 
hiperparatiroidismo secundario. La calcemia es nor-
mal y el fósforo es bajo. En caso de calcemia baja debe 
plantearse déficit de vitamina D, que puede ser por 
aporte o por alteración congénita de hidroxilación32. 
Para el seguimiento clínico la excreción urinaria de 
Ca y P entre 1 y 2 mmol/L en muestra aislada permi-
te individualizar los requerimientos de los minerales. 
El aporte óptimo produce una excreción urinaria de 
Ca menor a 4,8 mg/dL (1,2 mmol/L) y de P mayor a 
1,2 mg/dL (0,4 mmol/L)30.

Factores de riesgo de la enfermedad metabólica 
ósea son: nutrición parenteral prolongada, retraso en 
el aporte enteral, displasia broncopulmonar, enteroco-
litis necrotizante, uso de diuréticos, de prostaglandi-
nas, de metilxantinas, de corticoides, muy bajo peso de 
nacimiento y RCIU30.

A nivel óseo se presentan signos de raquitismo 
con ensanchamiento epifisiario y deshilachamiento, y 
eventualmente fracturas patológicas. Este cuadro se ve 
agravado con uso de diuréticos que pueden aumentar 
la hipercalciuria y producir nefrocalcinosis. La iden-
tificación sistemática de las radiografías en un centro 
neonatal inglés muestra una incidencia de fracturas 
costales del 2%32. El compromiso de la densidad ósea 
puede afectar la masa ósea en la adultez y definir ma-
yor riesgo de patología ósea en la edad adulta. Existe 
evidencia de que un programa regular de movimientos 
pasivos en el prematuro favorece una mineralización 
más adecuada33.

El control debe iniciarse desde las 4 semanas, a los 
prematuros en riesgo: MBPN o con tratamiento con 
diuréticos o corticoides: con medición de calcemia, 
fosfemia, y fosfatasas alcalinas (si se puede niveles sé-
ricos de PTH) semanal o quincenal, según riesgo y va-
lores.

Tabla 2. Sugerencias de manejo de hipofosfemia precoz

•	 Medir	fosfemia	de	forma	rutinaria	en	todos	los	RNPT	extremos,	con	
especial	énfasis	en	aquellos	con	restricción	del	crecimiento	intrau-
terino

•	 La	medición	debería	ser	realizada	desde	el	2º	día	de	vida,	con	el	
fin	de	documentar	hipofosfemia	si	está	presente	y	en	base	a	esto	
definir	conductas

•	 Dependiendo	de	los	valores	encontrados,	realizar	seguimiento	me-
tabólico	y	ajuste	de	aporte	en	parenteral

•	 Si	es	necesario,	disminuir	el	calcio	con	el	fin	de	dar	mayor	aporte	
de	fosfatos

•	 Idealmente	utilizar	en	las	preparaciones	parenterales	glicerolfosfa-
to,	que	permite	aumentar	el	fósforo	sin	mayor	riesgo	de	precipita-
ción	en	la	solución	de	nutrición	parenteral
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1 mmol de Fósforo aportan 31 mg de P
1 mmol de Calcio aporta 40 mg de Ca

726 Journal of Parenteral and Enteral Nutrition 39(6)

on weight for vitamins and minerals (Table 2). All products used 
in this study were FDA approved for use in the United States. 
Each of the 5 PN solutions was tested for compatibility using 
variable concentrations of TrophAmine (B Braun Medical Inc, 
Irvine, CA), cysteine (American Regent Laboratories, Shirley, 
NY), and Intralipid (Fresenius Kabi, Runcorn, UK). In each of 
the 5 PN solutions, TrophAmine was tested at 1.5% and 4% 
amino acid concentrations. Forty mg of cysteine was added for 
every gram of amino acid in the 1.5% and 4% amino acid solu-
tions as a separate test in the 5 PN solutions. Intralipid (lipid) 
was tested separately at 3 g/kg/d in a concentration of amino 
acids of 1.5% and 4%. In order to test the stability of NaGP and 
calcium gluconate in a PN solution containing lipids, the pH of 
each PN solution including lipids was determined. PN solutions 
were subsequently remade without lipids and buffered with 
sodium hydroxide (1 N) to the corresponding pH. This allowed 
for visual inspection as if the lipids were added. The pH of each 
PN test was measured using a Hanna pH meter (Hanna 
Instruments, Smithfield, RI).

Each of the 5 PN solutions was divided into 20-mL aliquots 
and tested in triplicate, for a total of 90 tests. Compatibility of 
each aliquot was tested at room temperature and 37°C using a 
water bath over 24 hours. Solutions were placed in a water bath 
at 37°C for 24 hours to simulate pediatric conditions similar to 
radiant warmers, bilirubin lights, and body temperature. Visual 
inspection, evaluated against black and white backgrounds at 
the beginning and end of the room temperature and water bath 
testing, was used to detect particulate matter, precipitation, 
haze, and color change. Solutions were further inspected using 
a 2100Q turbidimeter (Hach Co, Loveland, CO) to determine 
the turbidity of each solution. Solutions were checked 

microscopically at 100× (Motic SMZ-168, Richmond, BC, 
Canada) for microcrystals. Solutions were further analyzed 
using a microscopic particle count test according to the United 
States Pharmacopeia standards, following adherence to both 
the preparation and analysis.9 Solutions are considered physi-
cally compatible if the crystal count is <12 particles/mL mea-
suring ≥10 µm in diameter and <2 particles/mL measuring ≥25 
µm in diameter. Each of the PN solution aliquots was evaluated 
for crystal content by infusing a 5-mL aliquot of each solution 
through a 0.45-µm nitrocellulose filter disk (Millipore, 
Billerica, MA). Each disk was analyzed quantitatively for crys-
tal precipitates under 100× magnification and recorded. 
Microscopic evaluation for crystal size was conducted using a 
linear scale of 10- and 25-µm increments with a circular-diam-
eter graticule. The maximal crystal content for each 5-mL ali-
quot could contain <60 particles measuring ≥10 µm in diameter, 
with 10 particles measuring ≥25 µm in diameter to be consid-
ered physically compatible.

Data from the PN solutions were plotted on saturation curves 
comparing the calcium mEq/L and phosphorus mmol/L, indicat-
ing the concentrations tested. The practical application of using 
NaGP was assessed by compounding 671 pediatric PN solutions. 
The solutions were monitored over 24 hours for any visual 
changes in particulate matter, precipitation, haze, or color change.

Results

Five concentrations of calcium and phosphorus were tested for 
compatibility in various concentrations of amino acids, cyste-
ines, and lipids. The solutions were tested from 10–50 mEq/L 
of calcium and 10–50 mmol/L of phosphorus (Figure 1). The 
pH was measured for each solution (Table 3) and did not have 
an effect on precipitation.

Compatibility was determined visually, microscopically, and 
by turbidimeter testing. Visual and microscopic inspections did 

Table 2. Standard Amounts of Electrolytes and Vitamins in 
Parenteral Nutrition Solutions.

Ion Unit Usual Daily Requirement Patient Dose

Sodium mEq/kg/d 2–4 4.0
Potassium mEq/kg/d 2–3 3.0
Chloride mEq/kg/d 2–4 2.99
Acetate mEq/kg/d 2–4 2.25
Magnesium mEq/kg/d 0.3–0.5 0.3

Vitamin Unit Usual Daily Requirement Patient Dose

MVI Pediatric mL/kg 2; maximum 5 4

MVI Pediatric from Baxter (Round Lake, IL).
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Figure 1. Compatible concentrations of sodium glycerophosphate 
and calcium gluconate tested in 1.5% and 4% amino acids in 
parenteral nutrition solutions, cysteines, and lipids.

Table 1. Sodium Glycerophosphate Product Information.

Chemical Name
Phosphate 

Concentration
Sodium 

Concentration
Type of 

Phosphate pH

Sodium 
glycerophosphate

1 mmol/mL 2 mEq/mL Organic 7.4
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RN prematuro de 1 Kg

NP 100 cc/k/dia

Glicerofosfato
Máximo puede recibir
Ca 8 meq = 160 mg/k
P 8 meq P = 124 mg/k

Fosfato mono potásico
Ca 1,5 meq = 30 mg/k
P 1,5 meq =  25  mg/k



Very low birthweight and small for gestational age infants are at
risk for early hypophosphataemia owing to their high P needs for
growth [11,12,31]. In these infants, tubular phosphate reabsorption,
which is usually 85e90%, increases to its maximum. In addition, Ca
cannot be fixed in the bone inducing hypercalcaemia, hyper-
calciuria, and if prolonged bone demineralization, osteopenia, and
nephrocalcinosis [11,19,31]. In early PN with low total Ca and P
intake, molar Ca:P ratios below 1 (0.8e1.0) may reduce the inci-
dence of early postnatal hypophosphataemia and consequent
hypercalcaemia when protein and energy intakes are optimized
from the first day of life [11,12,19].

Thereafter, the requirements of premature infants strongly
depend on the individual growth velocity and are between 1 and
4 mmol/kg/d of Ca (40e160 mg/kg/d) and 0.75e3 mmol/kg/d of P
(23e93 mg/kg/d) with a molar Ca:P ratio around 1.3 and between
0.2 and 0.3 mmol/kg/d for Mg [1,33]. It is important to consider that
the individual Ca, P and Mg homeostasis needs to be monitored
regularly.

For term infants, data obtained from breast fed infants can be
applied to PN assuming an absorption rate of 50e60% for Ca,
85e95% for P, and 35e50% for Mg [1,2]. Therefore, taking into ac-
count a protein retention of 1e1.5 g/kg/d, term newborn re-
quirements are estimated to be between 0.8 and 1.5 mmol/kg/d for
Ca, between 0.7 and 1.3 mmol/kg/d for P, and between 0.1 and
0.2 mmol/kg/d for Mg.

6.3. Requirements in infants and children on long term PN

Hypercalciuria and negative calcium balance are potential
complications of PN and can be attenuated in the short-term by
intravenous phosphate [41,42]. This effect is not caused by alter-
ations in the PTH-1,25-dihydroxyvitamin D axis, but likely reflects P
deficiency.

Infants and children on long term PN are at risk of developing
“metabolic bone disease” (MBD) which is characterized by incom-
plete mineralization of osteoid with consequent disturbances
ranging from osteopenia to severe bone disease with fractures
[43e48]. The cause of MBD is multifactorial but mainly a calcium
and/or phosphate deficiency. Other factors involved are negative
calcium balance, hyperparathyroidism, and excessive vitamin D
intake or vitamin D toxicity [49e53] and last but not least toxicity
from aluminum in PN fluid. Although the latter has decreased with
improvements in compounding [54,55], recent publications still
suggest that it remains almost impossible to reduce the aluminum

intake below 5 mg/kg/day in children <30 kg with currently avail-
able PN solutions [56,57]. Frequently hypercalciuria and MBD are
associated.

Adequacy of phosphate intake has empirically been shown to be
a key component in long term PN in infants and children not only
for energy metabolism but also for optimal bone mineralization. In
a cohort of children aged 4e13 years receiving home cyclic PN for 4
consecutive years hypercalciuria was reversed and painful bone
disease did not occur at a Ca intake of 0.35 mmol/kg/d and a
phosphorus intake of 0.7 mmol/kg/d in absence of vitamin D
administration [58]. In these children Ca and P intake were
significantly higher than previously recommended and an inverse
Ca:P ratio of 0.5 in absence of vitamin D administration was used.
These data suggest that the upper limit for recommended Ca and P
intake should be increased (Table 1).

BMD scores assessed in the available pediatric studies [43e45]
do not allow clear conclusions about optimum Ca and P intake for
infants on long term PN. However, in contrast to the previous
recommendation, these data suggest that increasing the Ca
recommendation up to 0.35e0.4 mmol/kg/d and providing an
excess of phosphorus (0.7 mmol/kg/d) using a Ca:P ratio less than 1
(close to 0.5) might be beneficial, even though this does not match
the distribution of these elements in the human body [6,59].

The high prevalence of MBD [43e48] requires careful and pe-
riodic (see guideline on monitoring) monitoring of Ca, P, vitamin D
and bone mineral status (e.g. by DEXA).
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Table 1
Recommendations for calcium, phosphorus, and magnesium intake in newborns
and children on parenteral nutrition.

Age Suggested parenteral intake in mmol (mg)/kg/d

Ca P Mg

Preterm infants
during the first
days of life

0.8e2.0 (32e80) 1.0e2.0 (31e62) 0.1e0.2 (2.5e5.0)

Growing premature
infants

1.6e3.5 (64e140) 1.6e3.5 (50e108) 0.2e0.3 (5.0e7.5)

0e6 ma 0.8e1.5 (30e60) 0.7e1.3 (20e40) 0.1e0.2 (2.4e5)
7e12 m 0.5 (20) 0.5 (15) 0.15 (4)
1e18 y 0.25e0.4 (10e16) 0.2e0.7 (6e22) 0.1 (2.4)

a Includes term newborns.

R 8.14 In infants and children on long term PN the risk of metabolic
bone disease requires periodic monitoring of Ca, P, vitamin D
and bone mineral status (LoE 2 þ and 3, RG 0, strong
recommendation, strong consensus)
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Calciuria menor a 4,8 mg/dL (1,2 mmol/L) y de Fosfaturia mayor a 1,2 
mg/dL (0,4 mmol/L) 
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Si fosfemia menor de 5 mg/dl suplementar calcio 
y fósforo adicional. Si fosfatasas alcalinas continúan 
aumentando: Controlar aporte con calciuria y fosfatu-
ria. Se debe asegurar un óptimo aporte de Vitamina D: 
hasta 1.000 UI diaria, considerando aporte enteral total 
y parenteral, controlando niveles si es posible. Minimi-
zar el uso de diuréticos o corticoides reducirá el riesgo 
de enfermedad metabólica ósea.

A largo plazo, la hipofosfemia en el período neona-
tal, se ha asociado a alteraciones del esmalte dentario, 
como único factor identificado entre los factores peri-
natales evaluados34. También se ha asociado a un muy 

discreto menor crecimiento a los dos años, controlan-
do por grado de prematurez y de RCIU35 (tabla 3).

Conclusiones 

La revisión de este tema tiene como fin concientizar 
a los clínicos que trabajan con recién nacidos prema-
turos, acerca de la importancia de la nutrición como 
parte del manejo integral, intensivo y precoz. El revisar 
nuestras prácticas clínicas es esencial para mejorar la 
calidad de atención de los pacientes. Hoy en día, exis-
ten alteraciones metabólicas asociadas a las nuevas re-
comendaciones nutricionales que inician aminoácidos 
de forma precoz y en alta cantidad, por lo que es im-
portante hacer el seguimiento de minerales especial-
mente durante los primeros días de vida. La aparición 
de hipofosfemia precoz será detectada, si existe, en los 
controles iniciales y permitirá a los clínicos hacer las 
correcciones en las preparaciones de parenterales con 
el fin de optimizar el aporte necesario de nutrientes en 
los recién nacidos prematuros.

Conflicto de intereses

Los autores declaran no tener conflicto de intereses.

Tabla 3 Tamizaje y manejo de hipofosfemia tardía 

• Recién nacidos prematuros extremos o muy bajo peso de naci-
miento

• Prematuros con uso de diuréticos o corticoides prolongado

Control desde las 4 semanas con calcio, fósforo, fosfatasas alcalinas y 
si se puede PTH
• Si fósforo < 5 mg/dl suplementar con calcio y fósforo adicional
• Vitamina D hasta 1.000 UI diarias 
• Si persiste aumento de fosfatasas alcalinas controlar calciuria y fos-

faturia
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Conclusiones

La hipofosfemia en los RN prematuros gene un comportamiento bimodal

La precoz es secundaria a realiamentacion. 

Es más severa en RN prematuros con RCIU

La hiposfosfemia tardía se da en el contexto de la enfermedad ósea el prematuro

Actualmente existe una sal orgánica de P que permite aportar mayor cantidad de 
calcio sin que precipite
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En la tabla 1 se resumen publicaciones sobre la hi-
pofosfemia precoz en el prematuro, con variada inci-
dencia, en parte por las definiciones de valores bajos 
descritas, pero también por diferente manejo nutricio-
nal y grupos estudiados. Del análisis de estas publica-
ciones se observa que el ser pequeño para la edad ges-
tacional (PEG), a mayores aportes de aminoácidos, el 
desbalance en relación Ca:P y los aportes insuficientes 
de fósforo interactúan para determinar hipofosfemia. 

Las publicaciones muestran que el fósforo se debe 

administrar desde el inicio de la nutrición parenteral, 
con mayor cantidad si se inician aminoácidos en altas 
dosis. La cantidad de fósforo requerida en la parenteral 
se puede estimar aproximadamente en base al aporte 
de calcio y proteínas como = Calcio en mg/k/día/2.15+ 
(aminoácidos en g/K/d-1,3) *0,8 *12,3 . Este cálculo no 
considera el aporte enteral, ni el fósforo necesario para 
reponer el déficit, pero permite una estimación basal a 
considerar6,26. La relación Ca:P inicial debe ser 1:1 en 
Mmol o 1,3:1 en mg15.

Tabla 1 Resumen de publicaciones de hipofosfemia precoz en RNMBPN

Autor N Criterios ingreso Intervención Incidencia de hipofosfemia o valores observados

Ichikawa,
201219

58 RN < 1.000 g
AEG y PEG

Aá día 1: 0,5 aumento 0,5 por día a 
2,5 g/k/d
Ca: P = 4-7:1

Hipofosfemia < 2,7 mg/dl día 8
PEG 53%
AEG 12%
Hipercalcemia > 11 mg/dl día  8
PEG 71%
AEG 56%   

Moltu, 
201210

48 RN < 1.500 g Aá sem 1: 3,7 g/k/d
P  29 mg/k/d

Fosfemia mínima sem 1 3,2 mg/dl
Hipofosfemia < 4,2 mg/dl 77%
Sepsis 63%

Aá sem 1: 2,5 g/k/d
P 25 mg/k/d

Fosfemia mínima sem 1 5,3 mg/dl
Hipofosfemia < 4,2 mg/dl 26%
Sepsis 29%

Bonsante, 
20136

154 RN < 33 sem Alpar día 1 , Aá < 1,2 
 g/k/d  P 16 mg/k/d

Hipofosfemia severa < 3 mg/dl 
Con AA 1,2 g/k/d 0%

Aá 1,8 g/k/d P 19 mg/k/d Con AA 1,8 g/k/d  4,6%

Aá 2,3 g/k/d P 21 mg/k/d Con AA 2,3 g/k/d 12,5% 

Ross, 
201318

2.253 RN < 1.500 g
AEG y PEG

2001-2005 Sol. glucosada, día 1-3
2005-2010 Sol.  glucosada + Aá día 
1-3

PEG: hipofosfemia 41% 
AEG: hipofosfemia 9% 
Preclampsia OR 2,58
Período 2005-10 OR  3,13

Christmann, 
201414

79 RN < 34 sem Ca 100 mg/dl
glicerofosfato 48 mg/dl

Hipofosfemia < 5,5 mg/dl 34% 
Hipercalcemia > 10,6 mg/dl 45% 

Broubed, 
201515

48 RN 24-27 sem
AEG y PEG

Aá 2 g/k/d desde día 1
Líp 1 g/k/d Gluc 6 g/k/d
Electrolitos después día 1

Hipofosfemia < 4,8 mg/dl 3-4 día
PEG 40%
AEG 9% 

Brener, 
201513

61 RN < 1.250 g Aá 3-3,5 g/k/d día 1
Lípidos 3 g/k/d día 1
Ca: P 2:1 día 1

Hipofosfemia < 4 mg/dl 91%
Leve-moderada 2-4 mg/dl 57% 
Severa < 2 mg/dl 34%

Senterre, 
201516

102 RN < 1.250 g Aá 2,7 g/K/d día 1 al 3
Ca   60 y P 40 mg/k/d

Hipofosfemia < 5mg/dl 37%
Severa < 3 mg/dl 5%
Hipercalcemia  13%

Moe, 
201517

108 RN < 28 sem
AEG y PEG

Aá 2,1 P  40 Ca 0 Fosfemia promedio 2 sem 5,4 ± 1,3

Aá 3,1 P   2 Ca 20 Fosfemia promedio 2 sem 3 ± 1,4

Aá 3,1 P  32 Ca 48 Fosfemia promedio 2 sem 4,2 ± 1,1

Bustos,
201712

20 RN < 1.500 g
Consentimiento 
informado

Aá 2 g/k día 1 Calcio día 1
Fosforo día 3

Hipofosfemia < 4 mg/dl 45%
Severa < 3 mg/dl 25%

Mulla, 
201715

100 RN < 37 sem con 
parenteral

Ca: P 1,5:1-1,3:1 mMol  vs
Ca: P 1:1 mMol (1,7/100ml)

Hipofosfemia < 4,5 mg/dl 61 vs 35%
Hipercalcemia > 12 mg/dl 61 vs 20%

RN recién nacido. AEG Adecuado para edad gestacional. PEG pequeño para edad gestacional. Aá aminoácidos. Lip lípidos. Gluc glucosa. 
Alpar alimentación parenteral. Sem semana. Sol solución. RNMBPN Recién nacido de muy bajo peso de nacimiento. Ca Calcio. P Fósforo.

Hipofosfemia en recién nacidos - M. P. Cubillos C. et al



Prevención

• Aportar fósforo desde el inicio de la NP
• A mayor aporte de aa mayor aporte de fósforo

• Ca (mg/k/d) / 2,15 + (aa (g/k/d) -1,3) x 0,8 x 12,3

• 23
4,25

+ 2 − 1,3 ∗ 0,8 ∗ 12,3 = 15,25 𝑚𝑔 𝑑𝑒 𝑃

• 46
4,25

+ 3 − 1,3 ∗ 0,8 ∗ 12,3 = 29 𝑚𝑔 𝑑𝑒 𝑃



• Con la administración precoz de aa se produce una hipofosfemia
asociado a una hipercalcemia

• Causa: inicio precoz de calcio, pero no de fósforo, relaciones 
inadecuadas de calcio y fósforo en la parenteral, o cangdades bajas 
de fósforo 

• Similar a un síndrome de realimentacion



Recomendación de Aporte Enteral De Zinc

Sociedad Año mg/k/d
American Academy of Pediatrics Committee on Nutrition 1985 0,6 

ESPGAN Committee on Nutrition of the Pre- term Infant: 
Nutrition and feeding of preterm infants. 

1987 0,7 a 1,4

Zlotkin S 1993 1 

ESPGHAN 2010 1,1 a 2

ASPEN 2014 1  a 3 

Nutrigonal Care of Premature Infants: Microminerals, Domellöf  2014 1,4-2,5



• it seems reasonable to diagnose zinc defi- ciency when serum 
concentragons are less than 55 mcg/dL (8.4 mcmol/L) because 
normal concentra- gons are greater than 70 mcg/dL (10.7 mcmol/L), 
and extra supplements could be considered in infants who have these 
values. 



• Estudio randomizado doble ciego
• Población: RN PreT 401-1500 g, 96 con zinc 6-8 mg/k/dia/97 placebo 1,3 

mg/k/d
• Zinc oral 9 mg/dia vs placebo
• Objetivo: Reducción de la mortalidad y morbilidad
• Aumento de la mortalidad sin zinc: RR: 2.37; 95% CI: 1.08, 5.18; P = 0.006, 

NNT 8 
• Reduccion de morbilidad general: OR: 0.513; 95% CI: 0.280, 0.939; P = 

0.030 
• ENC: 0/96 vs 6/96 p=0,014
• Peso al alta: 2208 + 501 g compared with 1889 + 639 g; P = 0.001 

Am J Clin Nutr 2013;98:1468–74. 

See corresponding editorial on page 1373.

Zinc supplementation reduces morbidity and mortality in very-low-
birth-weight preterm neonates: a hospital-based randomized,
placebo-controlled trial in an industrialized country1–3

Gianluca Terrin, Roberto Berni Canani, Annalisa Passariello, Francesco Messina, Maria Giulia Conti, Stefano Caoci,
Antonella Smaldore, Enrico Bertino, and Mario De Curtis

ABSTRACT
Background: Zinc plays a pivotal role in the pathogenesis of many
diseases and in body growth. Preterm neonates have high zinc re-
quirements.
Objective: The objective of the study was to investigate the efficacy
of zinc supplementation in reducing morbidity and mortality in
preterm neonates and to promote growth.
Design: This was a prospective, double-blind, randomized con-
trolled study of very-low-birth-weight preterm neonates randomly
allocated on the seventh day of life to receive (zinc group) or not
receive (control group) oral zinc supplementation. Total prescribed
zinc intake ranged from 9.7 to 10.7 mg/d in the zinc group and from
1.3 to 1.4 mg/d in the placebo control group. The main endpoint
was the rate of neonates with $1 of the following morbidities: late-
onset sepsis, necrotizing enterocolitis, bronchopulmonary dysplasia,
periventricular leucomalacia, and retinopathy of prematurity. Sec-
ondary outcomes were mortality and body growth.
Results: We enrolled 97 neonates in the zinc group and 96 in the
control group. Morbidities were significantly lower in the zinc
group (26.8% compared with 41.7%; P = 0.030). The occurrence
of necrotizing enterocolitis was significantly higher in the con-
trol group (6.3% compared with 0%; P = 0.014). Mortality risk
was higher in the placebo control group (RR: 2.37; 95% CI:
1.08, 5.18; P = 0.006). Daily weight gain was similar in the zinc
(18.2 6 5.6 g $ kg21 $ d21) and control (17.0 6 8.7 g $ kg21 $ d21)
groups (P = 0.478).
Conclusion: Oral zinc supplementation given at high doses reduces
morbidities and mortality in preterm neonates. This trial was regis-
tered in the Australian New Zealand Clinical Trial Register as
ACTRN12612000823875. Am J Clin Nutr 2013;98:1468–74.

INTRODUCTION

Zinc is a structural component of hormones, nucleotides, and
proteins. It is required for the production of a wide variety of
enzymes involved in essential metabolic patterns (ie, protein
synthesis, nucleic acid metabolism, immune function, and or-
ganogenesis) (1–3). Zinc is crucial for the development of the
brain, respiratory and intestinal tracts in pre- and postnatal life
(1, 4–11).

Preterm neonates have lower zinc reserves than term infants
because w60% of fetal zinc is acquired during the third tri-

mester of pregnancy (3). Preterm infants are also less efficient at
absorbing and retaining zinc for growth (3). Adequate absorp-
tion may be compromised by limited intake, immature digestive
and absorptive processes; excessive endogenous losses occur
secondary to either poorly regulated secretion or interference
with reabsorption (3). Thus, premature neonates have relatively
high dietary zinc requirements (12–14). However, studies on
zinc homeostasis in neonates have produced somewhat con-
flicting results regarding zinc requirements and optimal daily
intakes (1–3, 14). There is a wealth of evidence that zinc, at
different doses, has a positive influence on morbidity, mortality,
and growth in infants and children (15–17). Recent trials have
suggested that high doses of zinc as co-treatment against in-
fections early in the life (18, 19). In this trial we aimed to in-
vestigate the efficacy of high zinc doses to reduce morbidity and
mortality and promote growth in preterm neonates.

SUBJECTS AND METHODS

Study design and period

A double-blind, single-center, randomized, placebo-controlled
trial was conducted between January 2009 and May 2012. The
study design was approved by the ethics committee of our Center
(#0901). Written informed consent was obtained from the parents
of the infants enrolled in the study.
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Selenium supplementation to prevent short-
term morbidity in preterm neonates 

Objetivo: Analizar los beneficios de la suplementación de Se en prematuros

3 estudios clínicos fueron analizados (534 RN randomizados)
• Daniels 1996 (3 mcg/kg/d)
• Darlow 2000 (7 mcg/kg/d)
• Houston 1991 (1,5 mcg/k/d)

Daniel y Darlow
• Reduccion significagva de sepsis, RR 0.73 (0.57 to 0.93); RD -0.10 (-0.17 to -0.02); NNT 10 (5.9 to 50)

Reduccion significativa de sepsis, RR 0.73 (0.57 to 0.93); RD -0.10 (-0.17 to -0.02); NNT 10 (5.9 to 50)

Cochrane database of systematic reviews. 2003(4).



Nutriente Fuente Recomendación Tracelyte Addaven

Pretérmino Término

Zinc ESPGHAN 2018 400-500 100 - 250

ASPEN 2015 300 100

Cobre ESPGHAN 2018 40 20

ASPEN 2015 20 20

Selenio ESPGHAN 7 2-3

ASPEN 2 2

Iodo 1-10 1

NE NE

Hierro 200-250 50-100

NE NE

Cromo 0 0


