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KEY POINTS
1.
2.
3.
4.

The most commonly used fluid for volume expansion in neonates is 0.9% sodium chloride given at a
volume of 10mL/kg over 30 minutes to manage hypotension.
It is not clear if fluid bolus therapy provides benefit, has no clinical benefit, or is associated with harm in
neonatology. Or it simply may be a marker of critical illness.
A negative fluid balance in the first 7 days of age is associated with a degree of improved clinical outcomes
in preterm and term infants.
Further studies examining fluid bolus therapy and fluid management in the first 7 days of age in preterm
and term infants are needed to adequately inform this important area of practice.

SYNOPSIS
Many questions surround fluid bolus therapy and subsequent fluid management in neonatal critical care as
they do in paediatric and adult critical care. This review explores the known key clinical aspects of fluid bolus
therapy and fluid balance in the first 7 days of life and provides suggestions for further work in this area. It
draws on the paediatric and adult critical care literature to provide thought-provoking data around the
potential harms of excessive intravenous fluids, which may prove relevant to neonatology. Current data
suggests that fluid bolus therapy and early life positive fluid balance in neonates may be associated with harm.

INTRODUCTION
Administration of fluids remains a key intervention during the stabilisation phase of critically
ill neonates with the basic aim to increase cardiac output and to improve oxygen delivery.
However, there remains little conclusive evidence to guide healthcare professionals about
what type of fluids to use, when to use them, at what rate and how to assess the efficacy or
potential harm of these practices in neonatology. With increasing evidence in the paediatric
and adult critical care settings that fluid bolus therapy and positive fluid balances are linked
with adverse outcomes, it is timely to appraise what is known in neonatology. This review
will explore the known key clinical aspects of fluid bolus therapy and early life fluid balance
in neonatal care as well as providing suggestions for further work in this area.

WHEN AND WHY DO WE USE FLUID BOLUSES IN NEONATOLOGY?
When is fluid bolus therapy used?
Volume expansion is used in neonatology not only in the setting of hypovolaemia but in
situations where hypovolaemia is unlikely, for example in preterm neonates with hypotension
with signs of systemic hypoperfusion. Consequently, the majority of preterm neonates who
receive fluid bolus therapy for the management of suspected haemodynamic compromise are
unlikely to be hypovolaemic and, in recent times with increased uptake of deferred cord
clamping, hypovolaemia is perhaps even less likely. Of course, hypovolaemia does occur in
neonatology in the setting of blood loss at delivery and in septic shock. However, these are
not the most common indications for fluid bolus therapy in preterm or term neonates.1

A Canadian survey reported that neonatologists routinely treated suspected haemodynamic
compromise in neonates with a birthweight <1500 grams with a fluid bolus (97%) and the
most commonly used fluid was 0.9% sodium chloride (95%).2 Use of a fluid bolus to treat

suspected haemodynamic compromise is further illustrated by a prospective study of 367
preterm neonates <27 weeks gestational age (GA) investigating the relationship between
early blood pressure changes, receipt of anti-hypotensive therapy and longer term
neurodevelopmental outcome. Of the 203 neonates (55%) who received anti-hypotensive
therapy, 135 (67%) received a fluid bolus, 102 (50%) received a blood product and 92 (45%),
25 (12%), 18 (9%) and 1 (<1%) received dopamine, hydrocortisone, dobutamine and
vasopressin, respectively.3 A recent international multicentre observational study of fluid
bolus therapy in preterm and term neonates found the most frequent indication was low blood
pressure (34%), followed by decreased perfusion on clinical assessment (12%), then
metabolic acidosis (12%), and an elevated lactate level (8%).1 Although it is challenging to
gain a comprehensive understanding of the prevalence of fluid bolus therapy in neonatology,
it is likely it is very commonly used. In the Management of Hypotension in Preterm Infants
(The HIP Trial) both arms of this randomised controlled trial included a bolus of 10mL/kg of
0.9% sodium chloride.4

Unfortunately, there is no validated clinical scoring system or tool to reliably diagnose
systemic hypoperfusion or haemodynamic compromise in neonates, situations in which
volume expansion may be beneficial. Assessment of the adequacy of end-organ blood flow
remains primarily subjective.4 We lack consensus on what constitutes hypotension or
haemodynamic compromise in neonates, and what clinically relevant outcomes are sought
when a treatment is given to manage perceived haemodynamic compromise.

Who receives fluid bolus therapy?
In a multicentre international observational study including perinatal, surgical, cardiac and
mixed centres, neonates identified to have received fluid bolus therapy had a bimodal

distribution of birth gestational ages. The two peaks were neonates < 28 weeks gestational
age (GA) and term neonates. This likely reflects a combination of the reported bimodal
patterns of admission to tertiary neonatal units,5 and, in the case of extremely preterm
neonates, the increased rates of suspected haemodynamic compromise in this group.3

WHAT TYPE, HOW MUCH AND OVER HOW LONG?
Fluid therapy in resuscitation is given with the goal of maintaining an adequate intravascular
volume to maintain cardiovascular stability, organ perfusion and sufficient tissue
oxygenation. Various fluids are used for fluid resuscitation in neonates, including crystalloids
such as 0.9% sodium chloride and Ringers lactate, or colloids like albumin or blood products,
namely red blood cells (RBCs) and fresh frozen plasma (FFP). The types of fluid reported as
used for fluid bolus therapy in preterm and term neonates include 0.9% sodium chloride
(n = 129; 79%), RBCs (n = 15; 9%), 4 or 5% albumin (n = 5; 3%), Ringer's lactate (n = 9;
5%), FFP (n = 4; 3%) and 0.45% sodium chloride (n = 1; <1%).1

Dose and infusion time
The most common dose of intravenous fluid seems to be 10mL/kg given over a median
duration of 30 (interquartile range (IQR) 20-60) minutes.1 Fluid boluses appear to be
relatively consistently administered at 10mL/kg over 30 minutes (IQR 10-60 minutes).1
Faster infusion times have been associated with worse outcomes in neonates.6

PHYSIOLOGICAL BASIS FOR FLUID BOLUS THERAPY
In a preload responsive individual whose heart is functioning at the steep portion of the
Frank-Starling curve, additional intravascular volume will increase stroke volume and
increase cardiac output.7 The assumed consequence is improved tissue perfusion, leading to

improved cell and organ function. These are the physiologic principles on which fluid bolus
therapy is based and this is supported by data revealing an increase in cardiac output postfluid bolus in preterm neonates.8,9 The characteristics of neonates that will respond to a fluid
bolus and in what clinical settings remains unclear.

The understanding of the physiological basis of fluid therapy continues to evolve. In Earnest
Starling’s original model of fluid shifts between intravascular and extravascular
compartments net fluid flux across a capillary was said to favour filtration at the arterial end
and fluid resorption at the venule end.10 This was attributed to differences in hydrostatic and
colloid oncotic pressure in the capillary in relation to the interstitial compartment.10 This
principle provided a rationale for fluid resuscitation with hyperoncotic fluids such as 20%
albumin. However, Starling’s equation has been revised in recent years11,12 after it was
demonstrated that filtration actually occurs over the over the entire length of a capillary13 and
net absorption does not occur when intravascular colloid oncotic pressure exceeds that of the
interstitial fluid compartment. Additionally, the integral role of the glycocylx, a layer of
glycoproteins and proteoglycans on the inner surface of vascular endothelial cells, in fluid
exchange has now been recognised.11 14 The oncotic pressure difference across the glycocylx
opposes, but does not reverse, filtration.12 This colloid oncotic pressure of the subglycoclyx
space is an important factor in determining vascular fluid shifts.14 The increase in circulating
intravascular volume seen with an albumin infusion15 is thought to be due to ‘drawing’ fluid
out of the noncirculating sub-glycocalyx fluid compartment, rather than the interstitial space.
Thus the physiological basis of using albumin to increase intravascular colloid oncotic
pressure to ‘draw’ interstitial fluid back into the intravascular space is no longer feasible.
This further negates any rational basis for using colloids to manage oedema or in the setting
of sepsis.11

EVIDENCE-BASE FOR VOLUME EXPANSION IN NEONATOLOGY
Preterm neonates
There are no randomised studies primarily designed to investigate a fluid bolus compared to
no fluid bolus in preterm neonates with haemodynamic compromise.16 Several studies,17-21
published between 1976 to 2000, compared a fluid bolus to no fluid bolus in preterm
neonates. However, the majority of included neonates did not have signs of haemodynamic
compromise. Meta-analysis of these studies found no differences in clinical outcomes,
including mortality, grade 3-4 intraventricular haemorrhage and/or neurodevelopmental
impairment.22

The largest, and best-known study examining the use of fluid boluses in preterm neonates is
the Northern Neonatal Nursing Initiative (NNNI) Trial Group study.21 The study was
designed to determine whether early volume expansion, including with FFP administration,
would reduce morbidity and mortality in neonates < 32 weeks’ gestation (GA) (n=776).
Prophylactic FFP (20 ml/kg initially and then a further 10 ml/kg after 24 hours) or a similar
volume of an inert gelatin plasma substitute or a control fluid with a maintenance infusion of
10% dextrose were compared. The primary study found no effect of use of FFP as early
volume expansion on cranial ultrasound abnormalities or mortality prior to discharge. In the
2-year follow-up study,23 no significant differences between groups in disability or mortality
were reported. Critically, volume expansion was used prophylactically as opposed to part of
management of haemodynamic compromise, again limiting the conclusions that are able to
be drawn. As all infants received a fluid bolus of some type, including a control fluid of 10%
dextrose, the study did not actually assess the effects of no fluid bolus, in essence it assessed
the type of fluid used.

Two further studies are available comparing the use of 0.9% sodium chloride versus 5%
albumin in hypotensive preterm infants.24,25 One is a small randomised study (n=100)
comparing the use of 10mL/kg of 0.9% sodium chloride versus 5% albumin over 20 minutes
in hypotensive preterm (mean GA 30 weeks) infants. Hypotension was defined as mean
arterial blood pressure (MAP) less than the 5th percentile for at least 10 minutes.25 A second
bolus was given for ongoing hypotension as previously defined. Dopamine therapy was
commenced for hypotension after the second bolus if hypotension persisted. The primary
outcome was an increase in MAP towards a pre-defined ‘normal’ range one hour postinfusion. The study found infants receiving albumin were more likely to achieve this outcome
(57.1% versus 32.1%; p<0.01) following the first bolus. Interestingly, the infants in the 0.9%
sodium chloride group had more grade 3-4 intraventricular haemorrhages (7/31; 22.6%) than
the albumin group (2/25; 8%). The authors suggest this may have been related to the ongoing
hypotension in the 0.9% sodium chloride group and subsequent use of inotropes. However, it
does raise concerns about the potential independent harm fluid boluses with 0.9% sodium
chloride may cause. The second study is a small randomised trial in 50 infants (mean GA 2831 weeks) assigned to receive either 5% albumin or 0.9% sodium chloride for volume
expansion in the setting of hypotension.24 Hypotension was defined as >30 minutes of a MAP
of <30 mmHg for infants weighing <2500 grams or a MAP of <40 mmHg for those weighing
>2500 grams. The main outcome was the resolution of hypotension, as previously described,
sustained for >30 minutes. Infants received intravenous fluids at 10mL/g over 15 minutes,
which could be repeated if the infant initially did not respond with an increase in MAP to the
desired level. Again, after the second bolus, if there was no increase in MAP to this predefined level, inotrope support was initiated. Successful treatment was observed in 17/21
(81%) of infants in the albumin group and 17/20 (85%) of infants in the 0.9% sodium
chloride group. Seven of the 20 infants in the 0.9% sodium chloride group (35%) received a

second fluid bolus, and three of these infants received inotropic support. Nine of the 21
infants (43%) in the albumin group received a second volume infusion, and four of these 21
received inotropic support. These studies highlight the challenges of research in this area with
each study defining hypotension differently, use of different treatment outcomes and
exclusion criteria.

Late preterm and term neonates
Two retrospective studies with comparator groups that assess whether fluid bolus therapy in
late preterm and term neonates has clinical benefit are available.26,27 The studies found that
receipt of fluid bolus therapy was more likely to be a marker of illness severity, rather than a
cause of adverse effects in neonates with persistent pulmonary hypertension of the newborn26
and hypoxic-ischaemic encephalopathy.27

POTENTIAL FOR HARM
Adverse effects for all types of fluid boluses in neonates may occur and include volume
overload, dilutional coagulopathy, hypothermia and electrolyte abnormalities (Table 1).
Observational studies suggest dose-related adverse effects of volume overload; in preterm
neonates, multiple fluid boluses are associated with increased mortality28 and intraventricular
haemorrhages,6 whereas lower total fluid intakes in the first week of age were correlated with
decreased chronic lung disease and mortality.29,30 Whether adverse effects are precipitated by
the properties of the fluid infused and/or the volume of fluids remains unclear.

As each fluid has different biochemical and physicochemical properties, different solutions
may be indicated in different situations and may have different potential adverse effects
(Table 1). Crystalloids can be balanced or unbalanced. For example, 0.9% sodium chloride,

an unbalanced crystalloid, has high concentrations of sodium and chloride thus large volume
infusions of 0.9% sodium chloride can result in hyperchloraemic acidosis. In balanced
crystalloids, such as Ringers lactate and Plasma-Lyte, chloride is partially replaced by other
anions,31 reducing the risk of this side effect. Yet, balanced crystalloids contain more
potassium than 0.9% sodium chloride, consequently hyperkalaemia can occur with large
volumes of infusion. In terms of colloids, albumin 4% or 5% are commonly used in neonates,
as well as RBCs and FFP. Blood products have additional potential adverse effects beyond
the scope of this review.

Potential mechanisms for harm due to fluid bolus
There are a several plausible mechanisms by which fluid boluses may cause harm,32
including:
•

Tissue oedema leading to increased requirement for ventilatory support, translocation
of gut organisms and increased renal venous pressure compromising renal perfusion

•

Opening of shut-down capillary beds leading to ‘flooding’ of the systemic circulation
with cytokine-rich blood, thereby, exacerbating systemic inflammation

•

Degradation of the glycocalyx layer lining the luminal wall of the vascular
endothelium; loss of integrity of the glycocalyx is a critical step in endothelial cell
activation and drives a systemic inflammatory state as well as increasing vascular
permeability precipitating oedema

•

Animal data suggests rapid infusion of intravenous fluids may disrupt haemostasis
mechanism with a resultant coagulopathy33

WHAT DOES THE BROADER LITERATURE TELL US?
What does the Cochrane tell us?

The Cochrane review examining liberal versus conservation fluid therapy in adults and
children with sepsis or septic shock34 found moderate‐quality evidence from 2 randomised
controlled studies35,36 (n=3288) indicating that liberal fluid therapy may increase in‐hospital
mortality risk by 38% compared with conservative fluid therapy. These 2 studies were
paediatric studies performed in lower resourced settings and included the Fluid Expansion as
Supportive Therapy (FEAST) study, which will be discussed in greater detail later on.36 The
other included study compared the effects of more intravenous fluid intake (i.e. liberal fluid
therapy defined as 40 mL/kg of fluid over 15 minutes) versus less intravenous fluid intake
(i.e. conservative fluid therapy defined as 20 mL/kg over 20 minutes) for children with septic
shock.35 An additional study was included in the review but excluded from meta-analysis due
to lack of data and was published in abstract form only.37

It is worth reviewing what these Cochrane authors defined as conservative and liberal fluid
regimens in paediatrics.34 Conservative fluid therapy was defined for children as no fluid
bolus, fluid titrated according to monitoring of heart rate, urine output, capillary refill, and
level of consciousness (or total fluid amount less than that for liberal fluid therapy). Liberal
fluid therapy was defined for children as a fluid bolus of 20 mL/kg of crystalloids over 5 to
10 minutes before titration (or total fluid amount greater than that for conservative fluid
therapy). The liberal fluid therapy definition was based on the recommendation from the
Surviving Sepsis Campaign.38 What would conservative fluid therapy compared to liberal
fluid therapy look like in neonatal care?

The FEAST study
The FEAST study published in 2011 found increased 48-hourly mortality in critically ill
children randomised to receive fluid bolus therapy (0.9% sodium chloride or 5% albumin) in

a developing country setting.36 The results of this study have reignited interest in this area of
critical care management. A recent secondary analysis of the study data39 was undertaken to
explore the potential mechanisms for the increased mortality found in the intervention arm.
The authors found 5% albumin and 0.9% sodium chloride boluses caused respiratory and
neurological dysfunction, hyperchloraemic acidosis, and a reduction in haemoglobin
concentration; they proposed that these were the mechanisms underlying the increased
mortality in the fluid bolus arm. The rationale being that bolus fluids reduce haemoglobin
concentration, resulting in decreased tissue oxygenation, increasing anaerobic metabolism,
and resultant metabolic acidosis. The authors proposed that the combination of these adverse
effects on haemoglobin concentration, acidosis, and respiratory and neurological function
induced by the fluid boluses might have overwhelmed the compensatory mechanisms in the
most severely ill children in the study, resulting in the increased mortality.39

What other studies are there in paediatrics?
Three other randomised studies examining the use of restrictive fluids in paediatric sepsis
exist, but are either currently underway or recently completed, therefore they were not
included in the previous discussed review.The Fluids in Shock (FiSh) pilot compared a
restricted fluid bolus volume (10 mL/kg) with the current recommendation (20 mL/kg) to
determine the feasibility of a large-scale trial. A larger FiSh trial, however, was found not
feasible as participants had a lower severity of illness than expected in the pilot trial40 making
the numbers needed for a larger trial unrealistic.

Another small randomised controlled study published in 2017 compared children with septic
shock to either fluid bolus therapy (40-60mL/kg in 20mL/kg aliquots) over either 15-20
minutes or 5-10 minutes. The authors found that compared with 5-10 minutes group, fewer

children in 15-20 minutes group required mechanical ventilation or had an increase in
oxygenation index in the first 6 hours (36% vs 57%; relative risk, 0.62; 95% CI, 0.39-0.99)
and 24 hours (43% vs 68%; relative risk, 0.63; 95% CI, 0.42-0.93) after fluid resuscitation.41
A Canadian-based pilot trial to determine whether septic shock-reversal is faster in paediatric
patients randomised to an early goal-directed fluid-sparing strategy versus usual care
(SQUEEZE)42 is underway and may provide some answers for the paediatric group.

Fluid bolus therapy in adults
In adult critical care, there are no multi-centre randomised controlled studies examining
whether fluid bolus therapy should be given to critically ill patients or not. The majority of
studies in adult critical care examining fluid bolus therapy focus on sepsis and hypotension.

The REFRESH pilot study demonstrated that a restricted volume and early vasopressor
approach over the first 6 hours of resuscitation in adults presenting to the emergency
department with suspected sepsis and hypotension resulted in a 30% relative reduction in
total fluid administered up to 24 hours and was not associated with any harm.32 The
CLASSIC pilot study43 found that restricting intravenous resuscitation fluid volumes
compared with standard care in adult intensive care patients with septic shock is feasible. The
restricted fluid approach resulted in lower resuscitation fluid volumes given in the first 5 days
and during the entire intensive care stay. The study found no statistically significant
difference in mortality, total fluid input or fluid balances. Fewer patients had worse acute
renal injury amongst those who received less fluid.

WHAT ABOUT OTHER FLUID THERAPY PRACTICES IN NEONATOLOGY?
Liberal compared to restrictive fluid practices in neonatology

The Cochrane review in this area found that the 5 randomised controlled studies published
between 1980 and 2000 that restricted water intake significantly increased postnatal weight
loss and reduced the risks of patent ductus arteriosus and necrotising enterocolitis. All these
studies included both parenteral and enteral fluids but with variation around the inclusion of
medications and blood products. The authors of the Cochrane review warn clinicians against
the over‐interpretation of these findings due to under‐representation of extremely preterm
neonates. The age of the studies mean that they are unlikely to reflect current clinical practice
in neonatology. A recent evidence-based review in this same area included the same
randomised studies but also examined non-randomised studies.44 The same conclusions were
reached and it was again noted that no new primary studies have occurred in this area since
2000.

The AWAKEN study group
The Assessment of Worldwide Acute Kidney injury Epidemiology in Neonates (AWAKEN)
study group recently published additional analyses from their primary dataset.45 These
secondary analyses describe the distribution and impact of fluid balance in preterm neonates
(< 36 weeks GA) (n=1007)46 as well as for near term and term neonates (n=645)47 across the
first postnatal week. Peak fluid balance in the first 7 days was associated with the need for
mechanical ventilation on postnatal day 7 (adjusted odds ratio (OR) 1.12, 95% confidence
interval (CI) 1.07-1.17) for ≥36 weeks GA compared to aOR 1.14 (95% CI 1.10 – 1.19 for <
36 weeks GA) and a negative fluid balance on postnatal day 7 was protective (aOR 0.33,
95% CI 0.16-0.67) for ≥36 weeks GA compared to aOR 0.21 (95% CI 0.12-0.35 for <36
weeks GA). These contemporary findings are consistent with the studies included in the
reviews previously discussed.

WHAT DOES THE BROADER LITERATURE TELL US?
Fluid balance beyond initial resuscitation in paediatric and adult critical care
A recent systematic review and meta-analysis of fluid management beyond initial
resuscitation in adults with acute respiratory distress syndrome and sepsis found a
conservative or de-resuscitative (active removal of fluid using diuretics or renal replacement
therapy) fluid strategy resulted in an increased number of ventilator-free days and a decreased
length of intensive care stay compared with a liberal strategy or standard care.48 The review
included both randomised studies comparing fluid regimens with differing fluid balances
between groups, and observational studies investigating the relationship between fluid
balance and clinical outcomes.

Another systematic review and meta-analysis included a total of 44 studies (7507 children)
and found strong evidence of an association between fluid overload and poorer outcomes in
critically ill children.49 Fluid overload, however it was defined in the studies, was
consistently associated with increased in-hospital mortality (17 studies (n = 2853); odds ratio
(OR) 4.34 (95% CI 3.01-6.26); I2 = 61%). Fluid overload was associated with increased risk
for prolonged mechanical ventilation (>48 hours) (3 studies (n = 631); OR 2.14 (95% CI
1.25-3.66); I2 = 0%) and acute renal injury (7 studies (n = 1833); OR 2.36 (95% CI 1.274.38); I2 = 78%).

The Fluid and Catheter Treatment Trial (FACTT) compared a conservative and a liberal
strategy of fluid management using explicit protocols applied for 7 days in 1000 adults with
acute lung injury. Management with the FACTT Conservative protocol resulted in a
significantly lower cumulative fluid balance over the 7 days. While there was no difference in
mortality, the FACTT Conservative group had more ventilator-free days and an improved

oxygenation index and lung injury score.50 In the Sepsis Occurrence in Acutely Ill Patients
(SOAP) study, a large European observational multicentre study, a positive fluid balance was
associated with increased 60-day mortality.51

SUMMARY
Many similar questions surround fluid bolus therapy and subsequent fluid management in
neonatal critical care as they do in paediatric and adult critical care. There is enough evidence
to suggest that fluid bolus therapy and positive fluid balances in neonates may be associated
with harm and require further careful exploration. Unfortunately, we remain hampered in
neonatology due to a lack of consensus definitions. Is fluid given over 60 minutes even
volume expansion? What is haemodynamic compromise in a neonate? How do we assess
suspected haemodynamic compromise? What is the definition of fluid overload in
neonatology? What outcomes are we looking for after a fluid bolus is given? How do we
know that the perceived improvements would not have occurred if we had instituted
‘watchful waiting’? An international consensus definition of haemodynamic compromise in
neonates is required as well as development of a core outcome set. Core outcome sets are an
agreed, standardised group of outcomes to be reported by all studies within a research field.
This broad initiative is underway in neonatology through a United Kingdom based group.52
The expansion of specific outcome sets for different areas of neonatal research is needed.

Fluid bolus therapy
Preliminary work is needed to determine if a study examining a fluid bolus compared to no
fluid bolus is feasible. Would healthcare professionals be willing to withhold a fluid bolus in
the setting of extreme prematurity and clinical signs of poor perfusion but no history of
volume loss? A pilot randomised study could evaluate the feasibility of fluid bolus therapy

compared to no fluid bolus therapy for the management of suspected haemodynamic
compromise in preterm infants (< 28 weeks GA) within the first 72 hours of age. The detailed
development of the study will rely on the work to be carried out as described in the previous
section, in particular, around definitions and outcomes.
Fluid balance and restrictive fluid practices
As previously discussed, data from the AWAKEN study group demonstrates an association
between an early positive fluid balance and adverse outcomes in preterm and term
neonates.46,47 The group identified a negative fluid balance during the first 7 days as a
potential therapeutic target for further study. A pilot, feasibility randomised controlled study
may be required to assess healthcare professionals willingness to enrol neonates, as well as
willingness of families to participate.

We do not know enough about the potential benefits or harms of fluid therapy in neonatology
to call it a friend or foe. Box 1 provides a summary of some of the key unanswered research
questions in this area. In an insightful editorial written by a critical care physician, critical
care is described as a U shaped curve.53 On the left side of the x-axis, inadequate provision of
a particular therapy is associated with an increase in complications, demonstrated on the yaxis. On the right side of the x-axis, an overabundance of the same therapy will also increase
complications and worsen outcome (Figure 1). Where we are on this U shaped curve in
regards to fluid therapy in neonatology is unknown but perhaps we are more towards the right
than we would like to believe.

Best Practices Box
What is the current practice?
Fluid Therapy in Neonatology
Best practice/guideline/care path objectives
•

Given the large variation in fluid bolus* practice, it is unlikely that current practice is best
practice

•

There is currently no high-quality evidence to support the development of best practice
guidelines for fluid bolus therapy

•

Restrictive* intravenous fluid practices within the first 7 days of age may be preferable

•

Avoidance of fluid overload, reductions in morbidities, mortality and improved longer term
outcomes are the ultimate goals of fluid management

What changes in current practice are likely to improve outcomes?
Standardising a conservative approach to fluid therapy may improve outcomes whilst
awaiting higher quality evidence from future research studies.

Major Recommendations
Fluid bolus therapy
•

Use fluid bolus* therapy judiciously outside the setting of hypovolaemia in preterm and
term infants (GRADE C)

Fluid balance and restrictive fluid practices
•

Consider restrictive* intravenous fluid practices within the first 7 days of age (GRADE B)

Summary statement
Fluid therapy in neonatology has a limited evidence base. A pilot randomised study could
evaluate the feasibility of fluid bolus therapy compared to no fluid bolus therapy for the
management of suspected haemodynamic compromise outside the setting of hypovolaemia. A
negative fluid balance during the first 7 days is a potential therapeutic target for further
study.
Data from Refs.1,22,46,47

*Variable definitions
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Figure legends
Figure 1: The U shaped curve in critical care

Table 1: Types of fluids used for fluid bolus therapy in neonatal care
Solution/Properties

pH

Osmolality

Na

K

Cl

HCO3

Human plasma

7.35
7.35
5.4

291

135145

4.55.5

94111

23-27

308

154

-

154

Compound sodium
lactatea

6.5

280.6

131

5.4

111

Balanced salt
solution b

7.4

294

140

5

98

250

148

0.9% sodium
chloride

Albumin 4%
(Albumex)

128

Acetate

Gluconate

-

-

-

-

-

-

-

29

-

-

-

-

Lactate

27

Possible adverse
effects

Comments

Hyperchloraemic
acidosis
-

23
Fluid overload

Plasma
expansion
duration <
24 hours
Plasma
half-life
16-24

NB: Osmolality Units mOsol/L,
Na/K/Cl mmol/L
a
Common examples: Ringers lactate/Hartmann’s
b
Common examples: Plasma-Lyte

Box 1: A few unanswered questions in fluid therapy in neonatology
What is haemodynamic compromise in neonatology?
What is considered a fluid bolus in neonatology?
What is restrictive fluid therapy defined as in neonatology?
What is liberal fluid therapy defined as in neonatology?
Potential study questions
In preterm infants ≤28 weeks GA at ≤72 hours of age [patient] does a fluid bolus for any
indication (excluding septic shock and/or haemorrhagic shock) [intervention] compared to no
fluid bolus [comparator] increase or decrease morbidity (e.g. intraventricular haemorrhage)
and/or mortality [outcome]?
In term infants at ≤72 hours of age [patient] does a fluid bolus for any indication (excluding
septic shock and/or haemorrhagic shock) [intervention] compared to no fluid bolus
[comparator] increase or decrease morbidity and/or mortality [outcome]?
Is it feasible and safe to use restrictive versus liberal intravenous fluid therapy policy in
preterm infants (≤28 weeks GA) in the first 7 days of admission?
Is it feasible and safe to use restrictive versus liberal intravenous fluid therapy policy in
infants (>37 weeks GA) in the first 7 days of admission?

