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Introduction
Fluid and electrolyte imbalance is a common disorder in well and unwell neonates (both term and
preterm). The Total Body Water (TBW) distribution of a neonate changes with increasing gestational
age, from the extreme preterm with TBW constituting 90% of body weight, to the term neonate with
75% TBW. Their fluid requirement is complicated by fluid shifts within the first few days to weeks of
life. It is important to understand the basic physiology to create a rational approach to management
Neonatal fluid and electrolyte balance is also governed by:
o
o

o
o

Insensible water loss: evaporation, convection, conduction and radiation (Appendix
1b) significantly affected by skin maturity.
Renal function: Urine output in utero increases with gestation and glomerular
filtration rate (GFR) increases after birth leading to physiological diuresis. In preterm
infants there is also a high urinary sodium and bicarbonate loss
Underlying diseases: In unwell term and preterm neonates, disease pathophysiology
may significantly influence fluid and electrolytes requirements
Weight: Appropriate management of fluid needs to take into consideration the birth
weight, gestational age and corrected age.

This guideline aims to set out a starting approach to management of fluid prescription in neonatal
patients. This is a guideline, and careful individual assessment of fluid balance is warranted.

Assessment of fluid status:
Examination:
Tachypnoea
Heart rate/ tachycardia
Perfusion – capillary refill time
Urine output
Anterior fontanelle
Mucous membranes
Presence and severity of oedema.
Haemodynamics:
Oxygen saturations
Blood pressure (tends to only drop with severe hypovolaemia as neonates have strong
compensatory mechanisms)
Weight
Weight loss of 10 – 12% within the first week of life is expected (normal reduction of TBW)
All babies - baseline admission weight and should then be weighed every Sunday and Wednesday (or
more often if requested)
Preterm babies < 28weeks gestation, or infants requiring intensive care (critically unwell) should be
weighed daily
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The highest weight should usually be used to calculate total fluid requirement
Exception – suspected/ confirmed hydrops or significant oedema.
Renal Function / Urine output
All babies at birth undergo a diuresis in the first 2-3 days of life due to a shift in total body water.
Urine output should be 1-2ml/kg/hr by day 3
Urine electrolytes and osmolality is sometimes helpful in cases where there is electrolyte imbalance
Strict input/output in preterm and/or sick babies should be monitored until urine output normalises
Insensible water loss
Cannot be accurately calculated, approximately 2/3 lost via skin (minimised by incubator humidity)
and 1/3 loss via respiratory tract (minimised by humidified high flow/inspired gases)
Haematocrit
An increase in haematocrit may be a result of dehydration
Maintenance Fluids
Requirements:
In general, the fluid requirements for neonates are as set out below. However, it is important to be
especially vigilant to fluid balance in premature and critically unwell babies, who may not follow
these rules precisely.
Total fluid requirements = maintenance requirements (Insensible water loss + urine output +
abnormal losses (e.g. stoma losses) + growth requirements.
Aim to have a similar input vs output in order to prevent electrolyte disorders, though in favour of a
positive balance as insensible losses are not included
Nutritional and glucose requirements need to be considered separately from the total fluid (water)
requirements
The table lays out suggested total fluids requirement; incrementing will be done according to clinical
assessment
Gestation
<28 weeks
28-32
weeks
32-34
weeks
>34 weeks
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ml/kg/d
90

24-48 hours
ml/kg/d

48 hours on
ml/kg/d

Suggested maximum
in majority of cases
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60
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60

90
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150
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Fluid types and indications:
DEXTROSE
10% Dextrose
Indications:
Any infant requiring maintenance fluids for whom PN is not indicated
Initial management of persistent hypoglycaemia unresponsive to increased enteral feeding support
(see hypoglycaemia guideline)
Dextrose concentration > 10%
Indications:
Used in the management of hypoglycaemia unresponsive to 10% dextrose.
A concentration of < 12.5% can be given via a peripheral cannula
Calculate high glucose concentrations using 5% & 50% glucose calculator
Dextrose concentration 5%
Indications:
To supplement IV fluids with the aim of keeping the total glucose load within normal limits (Often
referred to as a ‘piggyback’)
As the diluent for commonly used drug infusions
ARTERIAL FLUID
Weak or strong bicarbonate in preterm infants < 28 weeks gestation or in term infants with
persistent metabolic acidosis
Heparinised 0.45% sodium chloride in term infants or when via a peripheral arterial line
Weak bicarbonate @ 0.5ml hr = 0.9mmol Na/ day
Strong bicarbonate @ 0.5ml hr = 1.8mmol Na/ day

Please reference UAC/PAL guideline
Resuscitation:
10 - 20 mL/kg Sodium Chloride 0.9% administered rapidly. USE WITH CAUTION.
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Additives and electrolytes
Requirements for well babies on IV fluids by day 3 of life
Sodium mmol/kg/d
Potassium mmol/kg/d Calcium mmol/kg/d
Term
3
2
1
30-36 weeks
4
2
1
<30 weeks
4-8
2-4
1.5
This is a guide and in some clinical circumstances (for example high stoma output) higher electrolyte
requirements may be needed. Discussion with the consultant is recommended where this is the
case.
Any baby who is on more than 50% intravenous fluids should have their electrolytes checked daily;
they may require addition of electrolytes in order to maintain normostasis as per the table above. If
a baby is on dextrose for longer than 72hours consider the need for parenteral nutrition.
Sodium
Some sodium can be given from first day of life when recommended amino acid and energy supply is
given, providing urine output is adequate. The amount of sodium will need to be increased following
the postnatal diuresis that commonly occurs during recovery from RDS. Note that sodium may be
present in medications and flushes.
Serum sodium (mmol/l)

Suggested amount

<125
125-129

9mmol/kg/day-exclude fluid overload
6mmol/kg/day-exclude fluid overload

130-145
>145

3mmol/kg/day (check gestation)
Minimum possible/omit –is baby dry?

Using a fluid bag of 0.9% sodium chloride which can be administered peripherally, gives
approximately
 2mmol/kg/day of sodium at 0.5ml/Kg/hour
 4mmol/kg/day of sodium at 1ml/Kg/hour

Remember to include sodium from all sources, e.g arterial line fluid containing sodium
bicarbonate.
*Special Care with Prescribing*. Flow rates are expressed as ml/Kg/hour NOT ml/hour
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Sodium
level
(mmol/l)
132-135

Supplementary sodium infusion required
Small
deficit

128-131

Medium
deficit

124-127

Large
deficit

<124

Very large
deficit.
Discuss
with
consultant

Add 10mmol sodium chloride (2ml of 30% sodium chloride) to 48ml Glucose 10% to
make a 50ml infusion containing 0.2mmol/ml of sodium chloride.
Infusion rate of 0.1mmol/kg/hr( 0.5ml/kg/hr) gives sodium supplementation of
2.4mmol/kg/day
Add 20mmol sodium chloride (4ml of 30% sodium chloride) to 46ml Glucose 10% to
make a 50ml infusion containing 0.4mmol/ml of sodium chloride.
Infusion rate of 0.2mmol/kg/hr( 0.5ml/kg/hr) gives sodium supplementation of
4.8mmol/kg/day (centrally)
Add 30mmol sodium chloride (6ml of 30% sodium chloride) to 44ml Glucose 10% to
make a 50ml infusion containing 0.6mmol/ml of sodium chloride.
Infusion rate of 0.3mmol/kg/hr( 0.5ml/kg/hr) gives sodium supplementation of
7.2mmol/kg/day (centrally)
Add 40mmol sodium chloride (8ml of 30% sodium chloride) to 42ml Glucose 10% to
make a 50ml infusion containing 0.8mmol/ml of sodium chloride.
Infusion rate of 0.4mmol/kg/hr( 0.5ml/kg/hr) gives sodium supplementation of
9.6mmol/kg/day (centrally)

Glucose 5% can be used if hyperglycaemia present
Potassium
Potassium can be given from first day of life when recommended amino acid and energy supply is
given, taking into account the potential for developing non-oliguric hyperkalaemia.
Potassium (mmol/l)
<2.5
2.5-3.5
3.5-5.5
5.5-6.5
>6.5

Suggested amount
4mmol/kg/day (discuss with medical team-may need non TPN additions)
3mmol/kg/day
2mmol/kg/day
1mmol/kg/day
Minimum/omit (if not artefact)

Whenever possible use ready-to-use potassium: 20mmol potassium (0.3%) in 5% glucose 500ml
which can run peripherally.
*Special Care with Prescribing*. Flow rates are expressed as ml/Kg/hour NOT ml/hour
If decanted to a 50ml syringe: 2mmol potassium chloride in 50ml glucose 5% gives:
 1mmol/kg/day of potassium at 1ml/KG/hour
 2mmol/kg/day of potassium at 2ml/KG/hour
NB. The strong potassium chloride ampoule containing 20mmol/10ml (15%) is treated as a
controlled drug due to fatalities associated with accidental and incorrect use. It must always be
diluted prior to use and mixed well by multiple inversions. Discuss with the senior team to confirm
correct prescription.
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Add 10mmol potassium chloride (5ml of 15 % potassium chloride) to 45ml Glucose 10% to make a
50ml infusion containing 0.2mmol/ml of potassium chloride (central administration)
Infusion rate 0.1mmol/kg/hr (0.5ml/kg/hr) gives potassium supplementation of 2.4mmol/kg/day
Infusion rate 0.2mmol/kg/hr (1ml/kg/hr) gives potassium supplementation of 4.8mmol/kg/day

Chloride
Chloride intake should be slightly lower than sodium and potassium intakes to avoid risk of
iatrogenic metabolic acidosis. Chloride requirement is approx 2-6mmol/kg/day and is added as the
salt of calcium, sodium or potassium.
If the infant becomes acidotic and/or the chloride level is raised, it may be replaced by using the
acetate salt in PN. Acetate is metabolized to bicarbonate in the body and may therefore be useful,
not only in reducing the chloride load but also by supplying additional bicarbonate. It may be
particularly useful in the very pre-term infant with immature renal function or those with renal
disease. Monitor blood gases to ensure the addition of acetate does not pre-dispose the patient to
an alkalotic state.
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PN
Given to optimise nutrition in infants in whom enteral feeding is not expected to be established
rapidly.
It is important to consider the nutritional requirement separately to the fluid requirement, and
recognise that they may not be the same.
Indications for PN:
Parenteral nutrition (PN) should be considered for:
• All preterm babies born before 31 +0 weeks or weight < 1500g (Absolute indication for babies
<800g)
• For preterm babies born on or after 31+0 weeks if enteral nutrition does not make sufficient
progress in the first 72 hours after birth
• Preterm babies who have to stop enteral feeding and are unlikely to restart or make sufficient
progress with enteral feeding within next 48 hours
• For term babies if enteral feeding is stopped and unlikely to restart within 72 hours or make
sufficient progress in enteral feeding within 96 hours
In extremely preterm infants, consider starting PN at 60ml/kg/d and build up in increments of 1530ml/kg as tolerated (dependent on response to glucose load).
In general, starting at a total fluid of 90ml/kg/d is appropriate for the majority of extremely preterm
infants. Fluid requirement above the PN prescription can include 5% dextrose and other drug
infusions to make up the total fluid requirement.
See PN guideline for further details.
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Acute Kidney Injury (AKI)
Critically ill neonates are at high risk of AKI, especially in the first few days of life.
Acute renal failure is defined as a sudden and severe reduction in glomerular filtration rate resulting
in anuria/oliguria (<1ml/kg/hr) AND increased creatinine. This may be pre-renal, renal or post-renal
(obstructive). Common causes in neonates include sepsis, perinatal asphyxia, hypovolaemia, NEC,
drugs (aminoglycosides, NSAID, diuretics), renal artery thrombosis or congenital renal anomalies.
Occasionally some infants may have biochemical evidence of AKI without impact on urine output.

Gallo et al, Neonatology 2021;118: 174–179

Management approach
Acute assessment
 Full clinical examination; taking note of vital signs, cardiorespiratory status, perfusion,
lactate, weight and fluid balance.
 Check blood pressure and compare with expected centile (see appendix)
 Assess for urinary retention (bladder ultrasound scan)
Ongoing Management






Consider need to insert a urinary catheter
Consider fluid balance and whether a cautious fluid challenge is needed if hypovolaemic (e.g.
10ml/kg over 30-60mins).
If fluid overloaded, fluid restrict. Absolute minimum fluid intake is urine output plus
insensible/GI losses (approx. 30ml/kg/d though varies with gestation)
Consider furosemide bolus dose (0.5-1mg/kg), if some response may require an infusion of
furosemide (0.1-2mg/kg/hr).
Consider need for ‘renal dose’ dopamine of 5microg/kg/min, particularly if notably low
diastolic blood pressure (<18mmHg) associated with oliguria. Consider need for
echocardiogram in this scenario.
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Monitor electrolytes regularly as risk of hyperkalaemia. Limit sodium input to minimise
further fluid retention.
Treat hypertension if significant/symptomatic – review hypertension centiles available here
https://starship.org.nz/guidelines/blood-pressure-hypertension-in-neonates/
Discuss with renal team at Evelina Children’s Hospital if needing further support

Investigate cause
 Review medical history
 Review medications for possible nephrotoxic agents
 Request renal ultrasound scan and dopplers
 Consider need for investigation such as cortisol, aldosterone (d/w renal team)
Outcome
In general AKI in the neonatal period is reversible and recoverable with good outcomes. Caution
should be maintained where it is part of a multi-organ dysfunction.
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Monitoring
Acid base balance- regular blood gases
Metabolic acidosis may indicate decreased intravascular volume especially if associated with a
high/low urine, decreased mean arterial blood pressure/prolonged capillary refill time.
Normal base excess: -3 to +3 mEq/L
Normal anion gap: 8-16mEq/L.
Extremely preterm infants who develop metabolic acidosis may benefit from sodium acetate instead
of sodium chloride and may therefore require bespoke PN – discuss with pharmacist.
Biochemistry- Serum U&E’s, and plasma osmolality levels- take concurrent blood gases to assess gas
vs serum correlations and can then monitor real time trends.
Infants receiving intensive care: 8- 12hrly U&Es, daily weights
Stable infants on IV fluids: Daily U&Es, twice weekly weights.
Stable infants on TPN: Check PN bloods (code NPN2) 2-3 x/week if <2/3 enteral feeds.
Serum biochemistry, especially creatinine levels, may reflect maternal values over the first 12-24
hours. Serum creatinine normally declines postnatally, very premature infants may have a delay in
the decrease of serum creatinine levels.
Sodium needs to be carefully monitored during the diuretic phase of perinatal adaptation to prevent
rapid shifts, hyper or hyponatraemia.
Fluid balance-12 hourly input/output calculations in first week of life/whilst on IV fluids.
-Urine output to be assessed 4-6 hourly
Calculate intake in mls/kg/hour to compare with output of urine in mls/kg/hour, comparing like for
like will allow earlier detection of negative balance and prompt review to escalate fluids
Glucose load-must be calculated minimum 12 hourly, and with each fluid change.
Increment fluids according to fluid balance, taking into account urine output, electrolytes,
weight and clinical status.
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Exceptions
PDA: Infants undergoing active medical management of their PDA may be fluid restricted (commonly
to 120ml/kg/d). Haemodynamically significant PDA can cause volume overloading of the left side of
the heart; which can impede closure/potentiate the haemodynamic significance. Fluid restriction can
be trialled to improve the probability of successful medical management in some infants. This
decision is based on clinical status and echocardiographic assessment.
Perinatal asphyxia: Possible involvement of multiple organ systems. They are prone to acute tubular
necrosis and significant oliguria, and CNS injury may produce syndrome of inappropriate antidiuretic
hormone secretion (SIADH). Restricting fluid intake to minimize the risk of volume overload is often
required. Standard management of all babies receiving therapeutic hypothermia is to restrict to
40ml/kg/d, assessed on a daily basis.
SIADH: may occur in babies diagnosed with congenital or ventilator associated pneumonia.
Inappropriate water retention may lead to hyponatraemia and require restriction of intake to
resolve. Consider the need to fluid restrict in any baby who becomes critically unwell as they will be
prone to fluid retention.
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2. Supporting References
Article in Journal of Maternal-Fetal and Neonatal Medicine 31(1):1-1 · July 2017 with 51 Reads
Learn moreDOI: 10.1080/14767058.2017.1353968
NICE guideline [NG154] Published date: 26 February 2020
https://www.nice.org.uk/guidance/ng29/resources/intravenous-fluid-therapy-in-children-andyoung-people-in-hospital-pdf-1837340295109
https://www.networks.nhs.uk/nhs-networks/yorkshire-humber-neonatal-odn/guidelines1/guidelines-new/fluids-feeding/fluid-electrolyte-management-in-neonates
https://www.rch.org.au/rchcpg/hospital_clinical_guideline_index/Neonatal_Intravenous_Fluid_Man
agement/
https://fn.bmj.com/content/89/2/F108
Gallo et al, Neonatology 2021;118: 174–179 https://www.karger.com/Article/FullText/513666#
https://starship.org.nz/guidelines/blood-pressure-hypertension-in-neonates/

3. Supporting relevant trust guidelines
Management of the Extreme Preterm Infant
http://trustweb.asph.nhs.uk/docsdata/paed/Guidelines_Neonatal/Extreme%20Prem%20Manageme
nt%20Sep%202020a.pdf
Neonatal Hyperglycaemia
http://trustnet/docsdata/paed/Guidelines_Neonatal/Hyperglycaemia%20%20Neonatal%20Management%20Aug%202017.doc
http://trustweb.asph.nhs.uk/docsdata/paed/Guidelines_Neonatal/Glucose%20Infusion%20Calculati
ons%20Mar%202017.pdf
Neonatal Hypernatraemia
http://trustnet/docsdata/paed/Guidelines_Neonatal/Hypernatraemia%20Oct%202019.doc
Parental Nutrition on NICU
http://trustnet/docsdata/paed/Guidelines_Neonatal/Parenteral%20Nutrition%20for%20Neonates%
20Dec%202018.pdf
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4. Guideline Governance
a. Scope
This guideline in relevant to all staff caring for babies across neonatal intensive care, transitional care
and maternity.
b. Purpose

i.

This guidelines aims to facilitate a common approach to the management of babies admitted
under neonatal care. At times deviation from the guideline may be necessary, this should be
documented and is the responsibility of the attending consultant.

ii.

This guideline is subject to regular review to ensure ongoing evidence based practice.

c. Duties and Responsibilities
What is expected from the health care professionals using this guideline to look after infants.
d. Approval and Ratification
This guideline will be approved and ratified by the Neonatal Guidelines Group.
e. Dissemination and Implementation
i.
ii.
iii.
f.

This guideline will be uploaded to the trust intranet ‘Neonatal Guidelines’ page
and thus available for common use.
This guideline will be shared as part of ongoing education within the Neonatal
Unit for both medical and nursing staff.
All members of staff are invited to attend and give comments on the guideline as
part of the ratification process.

Review and Revision Arrangements
a. This policy will be reviewed on a 5 yearly basis.
b. If new information comes to light prior to the review date, an earlier review will be
prompted.
c. Amendments to the document shall be clearly marked on the document control
sheet and the updated version uploaded to the intranet. Minor amendments will be
ratified through the Neonatal Guidelines Group. A minor amendment would consist
of no major change in process, and includes but is not limited to, amendments to
documents within the appendices.
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g. Equality Impact Assessment
Background
 Who was involved in the Equality Impact Assessment
Neonatal guidelines group
Methodology
 A brief account of how the likely effects of the policy was assessed (to include race and
ethnic origin, disability, gender, culture, religion or belief, sexual orientation, age)
 The data sources and any other information used
 The consultation that was carried out (who, why and how?)
All patient and staff groups were considered
Key Findings
 Describe the results of the assessment
 Identify if there is adverse or a potentially adverse impacts for any equalities groups
No evidence of discrimination
Conclusion
 Provide a summary of the overall conclusions
Guideline suitable for use
Recommendations
 State recommended changes to the proposed policy as a result of the impact assessment
 Where it has not been possible to amend the policy, provide the detail of any actions that
have been identified
 Describe the plans for reviewing the assessment
Review 3 yearly
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1.

2.

3.

4.

h. Document Checklist
To be completed (electronically) and attached to any document which guides practice when
submitted to the appropriate committee for approval or ratification.
Title of the document:
Policy (document) Author:
Executive Director:
Yes/No/
Comments
Unsure/NA
Title
Is the title clear and unambiguous?
Y
Is it clear whether the document is a
Y
guideline, policy, protocol or standard?
Scope/Purpose
Is the target population clear and
Y
unambiguous?
Is the purpose of the document clear?
Y
Are the intended outcomes described?
Y
Are the statements clear and unambiguous?
Y
Development Process
Is there evidence of engagement with
Y
stakeholders and users?
Who was engaged in a review of the
Neonatal guidelines group
document (list committees/ individuals)?
Has the policy template been followed (i.e. is
Y
the format correct)?
Evidence Base
Is the type of evidence to support the
Y
document identified explicitly?
Are local/organisational supporting
documents referenced?

5.

6.

Approval
Does the document identify which
committee/group will approve/ratify it?
If appropriate, have the joint human
resources/staff side committee (or
equivalent) approved the document?
Dissemination and Implementation
Is there an outline/plan to identify how this
will be done?
Does the plan include the necessary
training/support to ensure compliance?
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Yes/No/
Unsure/NA
7.

8.

9.

10.

Process for Monitoring Compliance
Are there measurable standards or KPIs to
support monitoring compliance of the
document?
Review Date
Is the review date identified and is this
acceptable?
Overall Responsibility for the Document
Is it clear who will be responsible for
coordinating the dissemination,
implementation and review of the
documentation?
Equality Impact Assessment (EIA)
Has a suitable EIA been completed?

Comments

Y

Y

Y

Committee Approval (Neonatal Guidelines Committee)
If the committee is happy to approve this document, please complete the section below, date it and return it to
the Policy (document) Owner
Name of Chair
M. S. Edwards
Date
November 2021
Ratification by Management Executive (if appropriate)
If the Management Executive is happy to ratify this document, please complete the date of ratification below
and advise the Policy (document) Owner
Date: n/a
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