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Introduction 

Water is the major constituent of the human body and a key component of enteral nutrition, 

as an essential carrier for nutrients and metabolites. In preterm infants fluid requirements are 

higher compared to term infants, due to a number of factors including immature renal 

function with lower maximum urine osmolality, immature skin leading to increased insensible 

water loss, higher surface area to body volume ratio, but also because fluid needs are 

proportional to growth rates. Fluid requirements show considerable inter- and intra-individual 

variation, especially in very preterm infants that is greater than for most other nutrients (1). 

Maintenance of water volume is critical for body homeostasis and thermoregulation, 

cardiovascular and renal function, and certain adequate fluid intakes are needed in order to 

provide sufficient nutritional intakes. Total body water, as well as its major components, i.e. 

extracellular and intracellular fluid volumes, may change depending on clinical condition, and 

optimal fluid and dietary intakes need to be adapted. In preterm infants fed fortified 

breastmilk or formula the relationship between water and solute amounts is important, as it 

changes milk osmolality (2, 3), renal solute and acid load (4, 5). This also influences feed 

tolerance, acid-base status (5) and consequently water balance and requirements 

respectively, especially in preterm infants whose renal concentration ability, excretory 

capacity and regulation of acid-base metabolism are limited (6, 7). 

 

Main text 

Establishing recommendations for enteral fluid intake in stable growing preterm infants 

requires consideration of the following issues: 1) published data on body water and fluid 

intake in preterm neonates; 2) human milk composition and need for nutrient fortification; 3) 
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the need to balance the fluid intake required to support normal growth and to optimize long 

term outcomes, whilst avoiding short term metabolic disturbances.    

A general limitation of studies assessing enteral fluid intakes in preterm babies is that 

they often investigated the primary endpoint of fluid volume needed to achieve nutritional 

intakes, without considering parameters of water metabolism or kidney function. 

 

1. Measurements of enteral fluid intake have been extrapolated based on water turnover 

using stable isotopes in 6-week-old healthy full-term (n=9) (8) as well as in growing 

preterm infants (n=13) (9) and derived values were 140-180 and 130-190 mL/kg/d (10), 

respectively. However, it is important to note that earlier studies in preterm babies 

were performed at a time when enteral macronutrient and electrolyte intakes were 

lower than current recommendations. Similar ranges were reported in international 

surveys of feeding practices as the targeted enteral feeding volume in preterm (11, 12) 

or VLBW infants (13). These studies have several methodological limitations as they 

were small sample size cohorts in healthy preterm infants often with higher birth 

weight, post-conceptional and postnatal age, compared to current populations of 

stable growing preterm infants.  

A few RCTs have compared enteral fluid intakes in stable preterm infants and 

of these, only three (14-16) were found eligible for a recent systematic review (17). 

One study included in the review (15) had compared high (300 mL/kg/d) versus 

standard (200 mL/kg/d) enteral fluid intakes in VLBW infants exclusively fed with 

expressed breast milk through nasogastric tube. These infants were able to tolerate 

fluid volumes of up to 300 mL/kg/d, but the study was not powered to detect 

differences for necrotizing enterocolitis or cardiopulmonary outcomes. It is also 

important to note that this trial was conducted in a low or middle income country, and 

that infants with a symptomatic patent ductus arteriosus (PDA) were excluded, the 

average gestation was 32 weeks and included a high proportion of infants who were 

SGA.  

2. Mother’s own milk composition changes over time: the protein content of expressed 

preterm milk declines from 2.4 to around 1.0 g/100 mL from the first days to the fourth 

week of life (18), and whilst breast milk is the best source for preterm infants, 
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fortification with macronutrients and micronutrients using multicomponent fortifiers 

is necessary for most preterm infants (19-21). This increases solute concentration, milk 

osmolality and renal solute load. Potential renal solute load (PRSL) refers to solutes of 

dietary origin that must be excreted in the urine because they are not diverted into 

new tissue or lost through extra-renal routes. PRSL can be calculated by the following 

equation PRSL = [N]/28 + Na + Cl + K + Pa, where the dietary intakes of solutes are 

expressed in millimoles (mmol, or milliosmoles, mOsm), [N] is milligrams of nitrogen, 

and the factor [N]/28 represents the excretion of nitrogenous substances as urea (urea 

contains two nitrogen atoms with atomic weight 14). Na is sodium, Cl is chloride, K is 

potassium, and Pa is available (nonphytate) phosphorus, which is the same as total 

phosphorus in milk-based formulas (22). 

PRSL has been estimated at 9-19 mmol/kg in preterm infants fed human milk 

and at 11-32 mmol/Kg in those fed artificial milk formula (4). An expert panel on 

assessment of nutrient requirements for infant formula (23) suggested that minimum 

and maximum PRSL for preterm infant formula should be 22 mOsm and 32 mOsm/100 

kcal. To date, only a few studies have calculated and reported the PRSL of fortified milk 

(5), and no studies of varying enteral water intake in preterm infants have explored 

this important issue (24, 14, 16).   

3. Current recommendations for nutrition of preterm infants are based on the goal of 

approximating the growth and body composition of the healthy fetus at the same 

postmenstrual age, along with optimal functional development. Energy-protein ratios 

are important in ensuring appropriate quality of growth. The fluid intake necessary to 

achieve nutrient intake recommendations with different diets may by far exceed 

300mL/kg/day for unfortified preterm human milk, ~150-200 mL/kg for fortified 

human milk and ~150–165 mL/kg/day for currently available artificial ‘preterm’ cow’s 

milk-based formula. Large fluid volumes may be challenging for some preterm infants, 

in particular those with bronchopulmonary dysplasia (BPD) or PDA (25), but fluid 

restriction in return may lead to insufficient nutrient intake (unless feeds are 

concentrated) which will negatively impact postnatal growth (26). However, there are 

no detailed studies comparing different levels of fluid intakes whilst keeping nutrient 

intakes identical.  
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It is important that fluid intakes support “appropriate growth” rather than 

simply focusing on weight gain, especially because short-term fluctuations in body 

weight may simply reflect changes in hydration status (17). Although some clinicians 

are cautious about increasing intake volumes, prospective studies demonstrated 

improved growth with increased feed volumes up to 200 mL/kg/d (16, 27). These 

volumes appear well tolerated, improved weight gain and head growth, without 

adverse outcomes for body composition at 36 weeks of postmenstrual age or 

discharge. Very few studies have explored outcomes in infancy, but one retrospective 

study reported growth measures and neurodevelopment at 2 and 4 years corrected 

age respectively, and showed that higher-volume enteral feeding regimens (average 

193 mL/kg/d, range 170-220 mL/kg/d from day of life 15 to 42) led to higher nutrient 

intakes, were safe and associated with improved growth and language development 

(28). 

Whilst there are few studies exploring longer term renal outcomes, there is 

growing evidence from animal and human studies that prolonged states of mild 

dehydration cause renal hyperfiltration, especially when associated with high protein 

intake (29) which may be relevant to early development of metabolic disease in 

adulthood.   

 

Conclusions and key recommendations  

We conclude  that fluid volumes as low as 135 mL/kg/d may be considered safe to maintain 

body homeostasis and avoid renal compromise, but, to achieve appropriate nutrient intakes, 

feeding volumes of 150–180 mL/kg/d, using artificial milk formula or fortified breast milk, are 

likely to be required for the majority of stable growing preterm infants. In individual preterm 

infants, enteral intakes up to 200 mL/kg/d (or higher) may be appropriate and safe depending 

on current health status such as the presence of a significant PDA or BPD.   

In fully enterally fed preterm infants water balance, hydration status and renal 

function should be regularly assessed, especially when nutrient intakes or the clinical situation 

change, and fluid volume should be adjusted accordingly. Based on final osmolality, renal 

solute load and in accordance with previous recommendations, a reasonable range of fluid 

volume is 135-200 mL/kg/d. In infants receiving fluid intakes at the lower or upper margins 
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recommended, growth and fluid tolerance must be considered regularly. Finally, the long-

term renal effects of enteral feeding with high solute concentration deserve further 

investigation.  

There is insufficient evidence to conclude whether routine enteral volumes higher than 

200 mL/kg/d are beneficial, although this may be particularly relevant in specific contexts 

especially low-middle income countries where access to HM fortifiers is limited, or in infants 

that do not tolerate full strength fortification.  

Finally, some subgroups of preterm infants, such as extremely low birth weight babies 

or severely growth-restricted infants may present substantial specificities in terms of fluid 

needs and body water composition. However, for these subgroups, there is insufficient 

evidence to recommend water intakes different from other preterm infants.     

 

 

Conclusions, Recommendations  

C1: Water requirements show considerable inter- and intra-individual variation, especially in 

preterm infants (LOE 2++)  

C2: Water volume needed to maintain body homeostasis, cardiovascular and kidney function 

may be different from the volume needed to provide adequate nutrient intakes (LOE 3) 

C3: In fully enterally fed preterm infants water balance, hydration status and renal function 

should be regularly assessed and taken into account for the administration of fluid intake (LOE 

2++) 

R1: Most stable growing infants will require fluid intake of 150-180 mL/kg/d to achieve 

appropriate nutrient intakes. RGB (strong recommendation) 

R2: If nutrition needs can be met, fluid intake as low as 135 mL/kg/d may be considered safe 

to maintain body homeostasis and avoid renal compromise. RG0 (conditional 

recommendation) 

R3: In individual preterm infants, enteral fluid intakes up to 200 mL/kg/d may be appropriate 

and safe depending on current clinical status. RG0 (conditional recommendation).  
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