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A B S T R A C T

Emerging data regarding the encouraging outcomes of extremely preterm infants from cen-

ters taking active approaches to the care of these infants have prompted dialogue regarding

optimal medical management. Among the multitude of decisions providers make in caring

for extremely premature infants is the prescribing of parenteral fluids. Surprisingly, there

are limited data to guide evidenced-based approaches to fluid and electrolyte management

in this population. Immaturity of renal function and skin barriers contribute to the

impaired capacity of the preterm infant to maintain salt and water homeostasis. This per-

spective paper highlights developmental physiological properties of the kidney and skin,

which the provider needs to understand to provide parenteral fluid therapy. Additionally,

we provide recommendations for initial fluid and electrolyte management of the preterm

infant based on novel data as well as the published literature.

� 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/)
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even though there seem to be little, if any, data to support the
Introduction

The evidence base to guide fluid management in the most

extremely preterm infants is very limited. Although a few

randomized controlled trials1-4 have investigated the impact

of different levels of sodium, water, or both sodium andwater

provision, they include only a few infants with gestational

ages (GA) of less than 28 weeks. Taken together, the above

referenced trials seem to favor an initial restriction of sodium

intake, as demonstrated by a lower rate of BPD and a lower

mortality in infants provided less sodium. Since water and

sodium in many situations (e.g., when “writing up the fluids”)

are interdependent, the most current recommendations sug-

gest an initial restriction of both water and sodium intake,5
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notion that restricting free water belowmaintenance require-

ments influences outcome. While awaiting further data and

based on the assumption that important physiological princi-

ples are similar, it might still be reasonable to apply this

knowledge also to 22-24 week infants. In these infants, a few

characteristics can be identified that will have a relatively

large impact on the fluid management: these include the

body water and solute content at birth, the magnitude of

insensible water loss due to immaturity of skin barrier func-

tion, and the immaturity of renal function.

With minute body size and weight also comes a high need

for close attention to detail, fluid volumes and solute provi-

sion being no exceptions. Clearly, it is difficult to adequately

estimate maintenance fluids based on unknown losses in a
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system that is easily perturbed by the care environment and

rapidly altered by cardiorespiratory pathophysiology, intrin-

sic kidney pathology, and disease states. Moreover, monitor-

ing opportunities are scarce due to difficulties with vascular

access, limitations in blood draw volumes, and the potential

harm of all medical and nursing procedures, particularly

from repeated pain exposure. Nowhere else in health care is

the fine balance between providing vital care while avoiding

iatrogenic harm more obvious. Clearly this undertaking

requires ways to focus and simplify management. The aim of

this perspective paper is to provide a general background and

crude outline of how to provide fluids and electrolytes to

infants born at 22-24 weeks of gestation. To complement the

scarce data available in this population of infants, a retro-

spective collection of data on fluid and electrolyte balance in

a local cohort of infants born at 22 and 23 weeks of gestation

was also performed.
Important physiological features of the extremely
preterm infant

Water content and postnatal redistribution/loss of water

Water is the major component of the body, being distributed

in the extracellular and intracellular body compartments.

Extracellular water (ECW) is further distributed into intra-

vascular and interstitial spaces. The total amount of body

water (TBW), as well as the distribution of water within the

two major compartments, are developmentally regulated.

In separate studies, Friis-Hansen and Ziegler et al. used des-

iccation analysis to provide information of total body water

in the developing fetus. The extremely young fetus (2

months) has a water content of approximately 94% of body

weight, which decreases with maturation to about 86% of

body weight at 6 months of gestation and 75% of body

weight at term. During the last trimester, distribution of

body water also changes; ECW decreases from 54% to 44% of

body weight while intracellular water (ICW) increases from

27% to 34%.6

Hartnoll et al. used bromide and deuterium oxide dilution

methods to provide estimates of extracellular and total body

water, respectively, in 42 preterm infants of 25-30 weeks of

gestation within 18 hours of birth.7 Pooled data of appropri-

ate-for-gestational-age infants (AGA, mean birth weight 990

grams) revealed TBW of 844 ml/kg and ECW of 505 ml/kg,

whereas small-for-gestational-age infants (SGA, mean birth

weight 760 grams) had significantly greater TBW (906 ml/kg)

without a significant differences in ECW (511 ml/kg). In a

smaller (n=8) cohort of similar gestational age infants

(median BW 1060 grams), Bauer et al. evaluated body water

compartments at birth and at maximal postnatal weight loss

(7.8% below birthweight, mean age 3.4 d).8 TBW decreased

from 831§179 ml on day 1 to a minimum of 735§133 ml and

was accounted for entirely by a loss of ECW. Intracellular and

plasma volumes remained unchanged over this time, sug-

gesting the weight loss resulted from a decrease in interstitial

water. To our knowledge, measurements of body water com-

partments at birth have not been performed in more
premature cohorts. However, it is likely that the pattern of

postnatal changes in body water compartments in the 22-24

week gestation infant is similar.

The degree of contraction of the ECW compartment after

birth is inversely proportional to gestational age and greater

in small-for-gestational-age than appropriate-for-gesta-

tional-age infants. Extremely preterm infants may exhibit

10% to 15% weight loss during the first week of life related to

loss of ECW, whereas term infants generally exhibit 5% to 7%

weight loss.9 While the optimal amount of postnatal weight

loss in not known, failure to allow the normal postnatal con-

traction in ECW and weight loss in preterm infants may

increase the risk of patent ductus arteriosus, necrotizing

enterocolitis, and bronchopulmonary dysplasia.5,10
Immature skin barrier and renal function

At these gestational ages, the epidermis consists of only 3-4

cell layers covered by a thin (a few microns) stratum

corneum.11,12 Since the barrier function of the skin depends

almost solely on the integrity of the stratum corneum, this

results in extremely high evaporative water losses from the

body surface. These losses, most often measured by the gra-

dient method13 as transepidermal water loss (TEWL), have

been systematically studied in the term and preterm neo-

nate.14 These studies clearly demonstrate an inverse relation-

ship between TEWL and gestational age at birth, such that the

TEWL of an infant born at 24-25 weeks will be several-fold

higher than in infants with only a few weeks higher GA.15

Since limited data have previously been published on direct

measurements of TEWL in infants with a GA of less than 24

weeks, we summarize here original data from 22 and 23 week

infants included in two previous publications.16,17 These

studies included first week TEWL measurements from eleven

22-23 week infants (Mean: GA 231/7 weeks; 509 g) as parts of

larger samples of extremely preterm infants studied.

Although based on small numbers, the data illustrate (Fig. 1)

that TEWL in infants born at 22-23 weeks is significantly

higher than what has been published for infants born at 24-

25 weeks.15 It is also evident that, similar to what has been

demonstrated in slightly moremature infants, there is a rapid

postnatal maturation of the skin barrier function, resulting in

an almost 50% drop in TEWL by the PNA age of one week

(Fig. 1). Since TEWL has been shown to be a key signal for epi-

dermal proliferation and recovery,18 it is reasonable to

assume that the postnatal attainment of skin barrier function

is an effect of exposure to the relatively dry postnatal envi-

ronment, although the infants in these studies were all cared

for in humidified incubators.

Renal immaturity is considered the main explanation for

the very low glomerular filtration rate and poor tubular

function observed in extremely preterm infants.19,20 Fur-

ther, there is a significant risk for acute kidney injury due to

low renal perfusion, cardiovascular instability and hypoten-

sion, and exposure to nephrotoxic substances.21,22 Alto-

gether this results in a prolonged limited ability in sodium

and water handling that has several clinically important

consequences.



Figure 1 –Transepidermal water loss (TEWL § SD; g/m2 h) in 22-23 week infants (n=11) at a relative humidity of 50%. Data

derived from Ref. 16 and 17. Dashed line represents the level of TEWL in 24-25 week infants from Ref. 15 for comparison.

Table 1 – Fluid balance data in 36 infants born at 22-23
weeks of gestation.

Postnatal age, days 1 2 3 5 7

Total weight change,

%

-5§6 -9§5 -9§5 -5§7 -2§7

Fluid intake, mL/kg/d 127§23 146§30 155§31 168§33 178 §22

Urine output, mL/kg/d 99§36 96§34 77§40 69§33 69§27

Calculated*IWL,

mL/kg/d

71§36 80§28 61§32 83§25 83§35

Values are Mean§SD

*IWL, Insensible Water Loss: Fluid intake - Urine output + Weight

loss (g)

TAGGEDENDS E M I N A R S I N P E R I N A T O L O G Y 4 6 ( 2 0 2 2 ) 1 5 1 5 4 1 3
Fluid balance considerations

Novel data from a cohort of 22 and 23 week infants

Data relevant to fluid management was retrospectively col-

lected by reviewing the medical records and fluid charts of

infants born at 22 or 23 weeks at Uppsala University Child-

ren’s Hospital (UUCH) during 2011-2015. In brief, UUCH is a

referral center for all extremely preterm infants at these GAs,

covering a population of approximately 2.1 million with

23 000 births annually. All preterm infants of at least 22

weeks’ gestation are provided active support at birth23 and

are initially cared for in highly (80-85% RH) humidified incu-

bators. Out of 63 infants born during this period, 36 (57%) sur-

vived (mean GA 23+1 w; birthweight 546§95 g) and provided

daily data on weight change, enteral feeds, all parenteral flu-

ids (including flushes, nutrition, and blood transfusions), uri-

nary output, as well as plasma sodium and glucose

concentrations from the first week of life. Almost all infants

had been exposed to antenatal steroids. Daily total insensible

water loss (IWL) was calculated using the following equation:

IWL = Total fluid intake - Urine output + Weight loss (in

grams).

The main results are summarized in Table 1. With a total

fluid intake starting at approximately 130 mL/kg on the first

day, the infants demonstrated a maximumweight loss of 12§
5% at a mean postnatal age (PNA) of 3 days. At 1-week PNA,

mean weight loss was 2§7%, with 16/36 (44%) of infants
having regained birthweight. Urine output was highest the

first two days and then remained at similar lower levels on

days 3-7.

Mean peak plasma sodium concentration [NaP] was 144§
6 mmol/L at a mean PNA of 3§2 days, and nadir was 129§
5 mmol/L at 4§3 days. Sixteen infants (44%) had at any point

a [NaP] >145, and 5 (14%) had at any point [NaP] >150 mmol/L.

Almost all infants displayed hyperglycemia (>8 mmol/L),

with 13 (36%) having at any point a plasma glucose concen-

tration >20 mmol/L and four infants were treated with insu-

lin during the first week. Severe hypernatremia ([NaP] >150

mmol/L) was more prevalent in infants with hyperglycemia

(p < 0.05).



Figure 2 –Calculated Insensible water loss through the skin (IWLskin; mL/kg day) in 22-23 week infants at a relative humidity

(RH) of 50% (radiant warmer), and 80% (humidified incubator), respectively. Data derived from Ref. 16 and 17.
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Insensible water loss (IWL) through the skin and impact of the
care environment

In extremely preterm infants the water content of the stools

is negligible early in life, and respiratory water loss will be

kept to a minimum by use of heated and humidified gases.24

Thus, for practical fluid management purposes, the fluid lost

through evaporation from the skin surface can be considered

the sole source of IWL.

The most comprehensive publication on IWL in infants of

GA <24 weeks and themost relevant to this perspective paper

was published byWada et al.25 The authors presented data on

seventeen infants born at 22-23 weeks of gestation in the first

week of life. By calculating IWL from changes in body weight

and fluid chart data they estimated the initial IWL to approxi-

mately 60 mL/kg/day, corresponding to approximately half of

the infants’ urinary output. The estimated IWL was signifi-

cantly higher in the 22-23 weeks’ gestation infants compared

to a control group of infants born at 24-28 weeks, clearly in

support of the directly measured TEWL data displayed in

Figure 1. The infants in this Japanese cohort were cared for in

incubators with maximal humidification (near 100% relative

humidity; RH) achieved by the use of an ultra-nebulizer dur-

ing the first three days.

Humidification is relevant here since the physics of molec-

ular movement determines that the evaporation of water

from the skin (or any surface) is inversely proportional to the

absolute humidity (vapor pressure) of the air close to the sur-

face, and it is fundamentally important to understand that

the vapor pressure of the immediate care environment

impacts the IWL from the skin, and possibly also barrier
development. Within the relatively narrow ambient tempera-

ture range that extremely preterm infants are kept in, the

absolute and relative humidities (RH), i.e. the ratio of the

actual absolute to the saturation vapor pressure, are near-

equivalent and can be used as a surrogate. The higher the RH,

the lower the IWL.14 Most available neonatal intensive care

incubators have the option of added humidity and this value

is set as percent RH.

Accordingly, to be able to use a measured TEWL value for

estimating IWL in a given clinical situation, it must be re-cal-

culated to the actual RH of the care environment. This is also

the reason why it is advisable for a unit to care for all

extremely preterm infants at similar conditions, at least dur-

ing the first 1-2 weeks after birth. To illustrate the huge differ-

ence in IWL one might expect, we calculated the magnitude

of IWL in infants at 22-23 weeks gestation from available

TEWL data,16,17 during care in a humidified incubator vs

under a radiant warmer (Fig. 2). The estimates are based on

previously published formulas15 and rely on the assumptions

of a mean RH in the incubator of 80%, and under the radiant

warmer (with plastic wrap cover) of 50%.17,26 While acknowl-

edging the imperfection of these estimates the difference in

IWL, and thus in the expected maintenance fluid require-

ments, is obvious. Notably the obtained estimate of IWL at

high RH are in the range similar to what was previously pub-

lished25 when IWL was indirectly calculated from weight loss

and fluid charts, suggesting that the magnitude is reasonably

accurate. The calculation of IWL under the radiant warmer

most likely represents an exaggerated estimate since signifi-

cant areas of the infants’ surface will be exposed to much

higher RHs. Importantly, given the huge inter-individual
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variation it is nevertheless evident that any estimate can only

serve as a starting point for the planning of fluid therapy and

must be complemented by rigorous monitoring.

It would thus seem wise to always care for the tiniest

infants at a high RH by exclusive use of maximally humidified

closed incubators.25,27 However, there are drawbacks to such

an approach. Maximal RH is not only impractical due to

reduced visibility and limited access to the infant for parents

and staff, but incubator hood “rain-out” might also promote

growth of bacteria such as Pseudomonas.28 Further, both

experimental data18 and results obtained in extremely pre-

term infants16 support the notion that care at a lower ambi-

ent RH results in a more rapid barrier formation. The optimal

trade-off between the skin barrier-promoting benefit of a

lower-humidity environment vs decreasing fluid (and heat)

loss by incubator humidification has not been established,

and it seems reasonable to reserve the use of a high RH

(>50%) to the first week after birth.

Other important modes of care have different ambient con-

ditions. Modern neonatal care relies on parental involvement

with skin-to-skin care being a vital component for optimal

outcomes.29 It is our experience that with adequate handling,

skin-to-skin care can be safely initiated at a postnatal age of

approximately one week and should by then not significantly

impact fluid management.17,30

Maintenance fluids

Maintenance fluids are those required to maintain an infant

in neutral water balance, while allowing water accumulation

necessary for growth. Maintenance fluid (water) require-

ments depend on insensible water loss, urine volume ade-

quate for solute excretion, fecal water loss, metabolically

derived water, and water retained for growth. Because stool

water losses and water produced by oxidation are relatively

minimal and essentially offset each other, these are not

included in calculations of fluid needs. Water necessary for

growth is approximately 6 to 12 mL/kg per day, assuming a

weight gain of 10 to 20 g/kg per day and that 60% to 70% of

somatic growth following preterm birth constitutes water.

The ideal volume of water needed in the first few days of

life allows for the appropriate degree of contraction of the

extracellular space and physiologic weight loss (approxi-

mately 3% of body weight/day) but avoids hypernatremia.31

For the extremely premature infant, insensible water loss

(discussed elsewhere in this paper), which depends on the

environmental conditions in which the infant is cared (open

warmer vs. humidified incubator) is a primary determinant of

fluid requirements. Any approach for providing fluid and

electrolytes to extremely preterm infants must be flexible,

taking into consideration multiple additional variables,

including but not limited to weight, gestational age, and

degree of skin maturation, that affect water and electrolyte

requirements. The insensible water loss replacement compo-

nent of maintenance water will increase with decreasing

birth weight or gestational age.32 The nutritional needs of

infants must also be addressed when prescribing fluids.

Lorenz et al. compared fluid intake protocols over the first

five days of life, allowing a 1 to 2% loss of birthweight per day

to a maximum loss of 8 to 10% (group 1), or allowing 3 to 5%
loss of birthweight per day to a maximum loss of 13 to 15%

(group 2) in infants 750-1500 grams.33 While mean cumulative

fluid intakes for the two groups over the first five days of life

differed by 220 ml/kg, mean cumulative weight losses dif-

fered by only 41 g/kg, reflecting the infants’ ability to main-

tain water balance by regulating urine osmolarity. No

significant differences in the rates of PDA, bronchopulmonary

dysplasia, intraventricular hemorrhage, necrotizing entero-

colitis or mortality were identified. Kavvadia et al. assigned

168 infants of 23-33 weeks gestation to receive either

“standard” volumes of fluid, starting with 60-70 ml/kg/d and

progressing to 150 ml/kg/d by day of life 7, or restricted to 80%

of standard.3 Mean weight loss in both groups was approxi-

mately 8% of birth weight on day of life 7. No significant dif-

ferences in any short- or long-term morbidities were

observed. Tammela et al. described lower rates of death and

bronchopulmonary dysplasia in infants <1750 grams ran-

domized to a “dry” group (50 ml/kg/d increasing to 120 ml/kg/

d over first week and 150 ml/kg/d by four weeks of age) com-

pared to the “control” group (80 up to 150 ml/kg/d over first

week and 200 ml/kg/d by 4 weeks of age).4 Palta et al. demon-

strated that in infants <1200 grams at birth, increased fluid

intake in the first four days of life was associated with oxygen

dependency at 28 d.34 Lastly, a retrospective analysis of the

NICHD Neonatal Research Network sponsored trial of paren-

teral glutamine supplementation found that fluid intake and

lack of postnatal weight loss were significantly associated

with increased risk of death or BPD in ELBW infants with birth

weights 401-1000 grams.9 Taken together, the above studies

suggest fluid regimens that allow for contraction of the extra-

cellular compartment with resultant weight loss of 6-12% of

birth weight and avoidance of hypernatremia (plasma

sodium >150 mmol/L) likely result in optimal outcomes for

premature infants. Because of the ability to regulate urine

osmolarity and thus free water loss, there is a range of

acceptable fluid intakes early in life, which in infants with

normal renal function, results in this targeted loss of weight.

Most interestingly, in the above mentioned study in 22-23

week infants from Japan, weight loss was clearly higher than

in the 22-23 week infant cohort presented here being 17§5%25

vs 9§5% (Table 1). This difference is most likely related to an

approximately 50% lower fluid intake in their investigation

and in parallel, hypernatremia was more frequently observed

in the Japanese cohort.25

Renal function and electrolytes

Maintaining water and electrolyte balance poses a unique

challenge to the immature kidney due to the lack of fully

functional glomerular and tubular regulatory systems. The

fetal kidney is not programmed to retain large amounts of

water and sodium filtered across the glomerulus. Human

fetal urine production has been estimated by ultrasonogra-

phy to range from 5 ml/h at 20 weeks’ gestation to over

50 ml/h at term.35,36 For any infant, regardless of gestational

age, renal adaptation to the extrauterine environment is nec-

essary, which includes the ability to concentrate urine and

retain body water. The primary mechanisms regulating this

response involve arginine vasopressin (AVP) and the activity/

expression of aquaporin water channels primarily located on
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the principal cells of the renal cortical collecting duct. Sim-

plistically, vasopressin regulates the water permeability of

the kidney collecting duct by trafficking aquaporin 2 from

intracellular vesicles to the apical plasma membrane.37 The

response to AVP is developmentally regulated, in part due to

high levels of phosphodiesterase activity, which metabolizes

cAMP and thus limits the response to AVP.38 As a result, pre-

term infants are unable to concentrate urine beyond approxi-

mately 500 mOsm/L, although they are capable of producing

dilute urine. The ability to concentrate urine improves with

postnatal maturation, reaching 600-700 mOsm/L at term and

greater than 1000 mOsm/L by onemonth corrected age.39,40

Sodium

The developmental regulation of renal sodium homeostasis

has recently been reviewed.41,42 Marked changes in renal

sodium handling occur following birth, the extent of with

being dependent upon gestational and postnatal age. In term

infants, the fractional excretion of sodium (FENa) decreases

from 3.4% to 1.5% in the first few hours of life and continues

to decrease to adult values (<1%) over subsequent days.43 In

contrast, ELBW infants have much higher urine sodium

losses. Gabhaju et al. reported in a group of preterm infants

(mean GA 26.6 weeks, mean BW 811 grams) that FENa fell

from slightly over 6% on day of life 3 to approximately 4% by

day 7 and 2% by day 28.20 Using data from a variety of sources,

Segar et al. estimated total urine sodium losses in infants 23

to 29 weeks’ gestation between 2 and 8 weeks of postnatal

age.44 Infants of 23-24 weeks gestation were estimated to lose

almost 7 mmol/kg/d at two weeks of age, decreasing to

approximately 6.5, 5, and 4 mmol/kg/d at 4, 6, and 8 weeks of

postnatal age, respectively. More recently, we reported longi-

tudinal data on sodium balance in 23 infants born at 22-23

weeks’ gestation over the first 2 months of life.45 Total daily

urine sodium losses of approximately 7.5 and 6.5 mmol/kg/d

at 2 and 4 weeks of postnatal age were associated with a neg-

ative sodium balance (sodium intake � urine sodium excre-

tion). Only at 6 weeks of postnatal age was a positive sodium

balance achieved (mean sodium intake 7.8 mmol/kg/d vs

urine sodium excretion 6.2 mmol/kg/d). This is an important

observation because positive sodium balance is essential for

optimal growth. Collectively, these data highlight the pro-

longed period of high urinary sodium losses in extremely pre-

term infants. This knowledge should help guide decisions

regarding the need for providing adequate sodium intake for

this population.

Potassium

Plasma potassium concentration is higher in preterm than in

term neonates, and it typically falls in the first few days of

life.46 Non-oliguric hyperkalemia may be seen in very low

birth weight infants in the first 48 hours after birth despite

minimal potassium intake, likely resulting from an intracel-

lular to extracellular potassium shift.47 Exposure to antenatal

glucocorticoids and early provision of amino acids (>1.5-2

mg/kg/d) appear to reduce the risk of hyperkalemia.48,49

As with sodium, a positive potassium balance is necessary

for postnatal growth, although few studies have examined
the requirement for potassium in preterm infants. Based on

data from chemical analyses of human fetuses of 24-40 weeks

gestation, Ziegler et al reported fetal potassium accretion

rates of 1.1-1.3 mmol/30 gram weight gain.50 Delgado et al

reported that similar to FENa, fractional excretion of potas-

sium falls over the first month of life in infants of 23-25 weeks

gestational age.51 Interestingly total urinary potassium excre-

tion at one week of age was similar in 23-25 week gestation

infants compared to 30-31 week gestation infants, approxi-

mately 1.5 mmol/d. Given that potassium filtration is signifi-

cantly greater in 30-31 week gestation infants as a result of

their higher glomerular filtration rate, these data suggest a

developmentally regulated increase in the capacity of renal

tubules to reabsorb potassium. Data from this same investi-

gator suggest that between the first and fifth week after birth,

potassium intakes of 3-4 mmol/kg/d appear necessary to

avoid negative potassium balances in infants of <28 weeks

gestation.
Recommendations for practice

Given the limited experimental data derived directly from

study of infants of 22-24 weeks gestation, it is not possible to

give firm recommendations based solely on such data. How-

ever, we can offer our best advice based on these limited

studies and data from slightly more mature infants in light of

our understanding of the unique physiology of these very

immature infants.

Humidified incubator vs radiant warmer

Before considering recommendations for initial fluid and

electrolyte management for 22-24-week infants, the choice of

thermal care environment must be discussed. The basic

choice is between a humidified incubator and an open radiant

warmer with a thermal blanket or heat shield to limit forced

convective heat loss and provide a moist microclimate to

reduce evaporation. The humidified incubator provides the

advantage of lower IWL but the possible disadvantage of

slower maturation of skin barrier function. In addition, it is

more difficult to access the infant in an incubator for exami-

nations and procedures without disrupting the thermal envi-

ronment. On the other hand, the IWL for the same infant is

significantly higher under a radiant warmer than in an incu-

bator (Fig. 2),52,53 even when a heat shield is used under the

warmer.52 A good potential compromise solution is the

hybrid incubator, with which the radiant warmer modality

can be used interchangeably with the incubator hood closed

(and humidity added).54,55

Starting fluids

Infants of 22-24 weeks gestation should receive initial water

intakes in relation to their maturity and ambient conditions

of the care environment. Suggested ranges of initial fluid

requirements in a humidified incubator vs a radiant warmer

are given in Table 2. A typical starting water intake for an

infant in a humidified incubator should be about 100-170 ml/

kg/d, assuming IWL of 60-90 ml/kg/d, urine output of 60-100



Table 2 – Fluid and electrolyte requirements in infants
born at 22-24 weeks of gestation during care in a humidi-
fied incubator vs under a radiant warmer.

Humidified* Incubator Radiant Warmer**

Component Day 0-2 Day 3- Day 0-2 Day 3-

Water#, mL/kg/d 100-170 ## 130-220 ##

Sodium, mmol/kg/d 0-2 5-10x 0-2 5-10x

Potassium, mmol/kg/d 0 2-4xx 0 2-4xx

*Relative humidity >80%; **Use plastic shield to limit heat and

insensible water loss
#Including all enteral feeds and parenteral nutrition, drugs/flush

solutions
##Adjusted according to fluid (and growth) monitoring
xGradual increase over the first 1-2 weeks
xxOnly when serum or plasma potassium is <4.0 mmol/L
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ml/kg/d, no significant growth or catabolism in the first days,

small, offsetting stool water loss and water gain by oxidation

of metabolic fuels, and weight loss of 20 g/kg/d (2%). If the

potential renal solute load from colostrum is negligible, the

sodium intake of 2 mmol/kg/d (as NaCl) will provide 4 mOsm/

kg/d of renal solute load, and 2 g/kg/d of amino acids will pro-

vide approximately 11 mOsm/kg/d,55 for a total of approxi-

mately 15 mOsm/kg/d. With a urine volume of 60-100 ml/kg/

d, the average urine osmolality would be 150-250 mOsm/L,

well within the range that can be managed by even the most

immature infant.56

For infants under a radiant warmer, the starting fluid pre-

scription should be 130-220 ml/kg/d, assuming the IWL to be

40-50% higher than it would be in an incubator,52,53 although

some evidence suggests this increase should be even greater

(Fig. 2).

Sodium and potassium intake

Infants of 22-24 weeks gestation require no sodium during the

first several days of life, and sodium included in flush solutions

and/or transfusions will inevitably result in significant

amounts of sodium being provided.57 Increasing amounts of

sodium should be given by the third day guided by serial deter-

mination of plasma sodium concentrations. In the second

week and later, it is not uncommon to require 5-10 mmol/kg/d

of sodium. Because of the risk of hyperkalemia, potassium is

not usually introduced until urine output is well established

and the serum or plasma potassium level is less than

4 mmol/L. At this point, potassium can be started at 2-4 mmol/

kg/d as KCl.

Fluid balance monitoring

Water, sodium, and potassium intake must be adjusted

based on serial weights, urine output, and measurements

of serum or plasma electrolytes. To safely obtain serial

weights without disrupting the thermal environment and

risking hypothermia requires the use of scales that are

built into the incubator or radiant warmer bed. Weight

loss of about 2-3% per day with a total weight loss of

around 10% seems to be ideal. Based on data from more
mature infants, it appears that avoiding weight loss alto-

gether implies failure of contraction of the extracellular

water, increasing the risk of adverse outcomes such as

patent ductus arteriosus, necrotizing enterocolitis, and

bronchopulmonary dysplasia.5 Weight loss of 15% or more

should raise concerns for dehydration or malnutrition and

is frequently associated with hypernatremia and hypergly-

cemia. Serum or plasma electrolytes should be monitored

3 or 4 times daily in the first days of life. Rising sodium

and/or chloride will often be a sign of impending dehydra-

tion and indicates the need for increased water intake. To

facilitate hour-to-hour adjustments in water or dextrose

intake without interrupting the parenteral supply of

nutrients, it is helpful to have 2 separate infusates: a

starter nutritional solution and a separate infusion of dex-

trose that can be separately adjusted. Fresh maternal

colostrum should be given in small amounts as soon as it

is available. This may be considered more as a medication

than a fluid source, and it will not confound the monitor-

ing and adjustment of fluid and electrolytes.
Conclusions

Early after birth extremely preterm infants have a high uri-

nary output and large insensible losses of water through the

skin. This results in initial risks of dehydration and hyperna-

tremia and necessitates high volumes of maintenance flu-

ids. While sodium intake should be initially withheld to

allow postnatal contraction of the ECV and to minimize the

risk of hypernatremia, the infants will require sodium sup-

plementation after a few days to avoid depletion of body

stores. Adequate fluid and electrolyte prescription requires

an understanding about how immature organ functions

interplay with physical aspects of the care environment to

impact IWL. The following should be included in institu-

tional guidelines for fluid management of this vulnerable

group of patients:

- A well-defined physical environment for the initial (1-2

weeks) care

- Starting fluid volumes adapted to gestational age and the

mode of care

- Initial restriction of sodium until the expected weight loss

is under way

- Timing, duration, and dose of sodium supplementation

- Detailed plan for monitoring (including weight, urine out-

put, electrolytes)
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