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Intravenous maintenance ﬂuid therapy in children
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Abstract: Intravenous ﬂuids are frequently used in paediatrics but have been associated with signiﬁcant adverse outcomes. Understanding
the composition of ﬂuid prescribed and administering an appropriate rate is essential for safe ﬂuid administration, along with regular monitoring.
Recent evidence has shown that using an isotonic ﬂuid with a sodium concentration similar to plasma can decrease the risk of
hyponatraemia without an increase in adverse effects. This should lead to a change in guidelines: isotonic ﬂuid should now be used as
the primary maintenance intravenous ﬂuid given to the majority of children.
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Key Points
• An isotonic ﬂuid with a similar sodium concentration to plasma
should be prescribed for maintenance hydration.
• In a non-dehydrated child, consider starting ﬂuids at a slower
rate than the previously recommended 100/50/20 or 4/2/1 rate.
• Regular monitoring with clinical assessment, weight and electrolytes is essential.
Intravenous ﬂuids are commonly used in children who have a
signiﬁcantly reduced oral intake. Maintaining hydration by using
intravenous ﬂuids has, undoubtedly, saved countless lives. However, serious complications including mortality can result from
intravenous ﬂuid use. This harm can arise from the wrong volume, inappropriate composition of IV ﬂuid, and intravenous
cannula complications including extravasation, infection or
thrombosis. Care should be taken in the prescription, administration and monitoring of intravenous maintenance hydration
in children. Understanding the composition of prescribed ﬂuid
and the factors affecting the ﬂuid status of the child are paramount for safe intravenous ﬂuid use.
Where possible, enteral or nasogastric ﬂuid should be administered to children. Where this is not possible, intravenous ﬂuids
should be used as required. This report summarises recent
evidence for maintenance intravenous ﬂuid therapy in children (outside of the neonatal period) and includes recommendations for practice.

Tonicity of Intravenous Fluids
Intravenous ﬂuids exist in many compositions. In general, ﬂuids
can be described as being hypotonic, isotonic or hypertonic.
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Tonicity refers to the ability of a ﬂuid to exert an osmotic force
across a cell membrane and is inﬂuenced by solutes, which cannot readily cross the cell membrane. A ﬂuid with a similar osmolality to plasma is considered isotonic as the osmotic force across
a cell membrane will not change. A hypotonic ﬂuid has a lower
osmolality when compared with plasma, while a hypertonic
ﬂuid has a higher osmolality.
Complicating this principle is that most maintenance intravenous ﬂuids given to children contain glucose. Glucose, in vitro, increases the osmolality of the ﬂuid. Once administered, however,
glucose is rapidly taken up by cells,1 reducing the tonicity of the
ﬂuid. Therefore, a bag of intravenous ﬂuid can be considered
hyperosmolar prior to administration but, once administered,
may be isotonic or even hypotonic as the glucose component does
not signiﬁcantly contribute to the osmotic force across the cell
membrane.
Table 1 details some readily available intravenous ﬂuids
within Australia. Creating some confusion, tonicity labelling of
intravenous ﬂuids within Australia is regulated by the therapeutic goods administration according to osmolality. This has
resulted in some ﬂuids that are isotonic in vivo being labelled
as hypertonic and some ﬂuids that are markedly hypotonic
in vivo being labelled as isotonic.
When addressing tonicity, this paper is referring to in vivo
tonicity.

Background to Maintenance Intravenous
Fluid Prescribing
In the 1950s, Holliday and Segar published their landmark paper
detailing the maintenance ﬂuid volumes required by children.2
This built on earlier work,3–5 which related volume requirements to body surface area, and calculated requirements on
the basis of weight. Their calculations formed the basis of the
100/50/20 or 4/2/1 rule that forms the basis of most guidelines
used to calculate ﬂuid rates (Table 2).
However, when recommending daily electrolyte requirements, Holliday and Segar stated that ‘less data are available’.
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Table 1 Commonly available intravenous ﬂuids

Plasma
0.18% Sodium chloride with 4% glucose (Hypotonic)
0.45% Sodium chloride with 2.5/5% glucose (Hypotonic)
Plasmalyte148 solution with 5% glucose (Isotonic)
0.9% Sodium chloride with 5% glucose (Isotonic)
Hartmann’s solution (similar in ionic composition
to Ringer’s lactate) (Isotonic)

Na +
(mmol/L)

Cl
K+
Mg++
Calcium Lactate Acetate Gluconate Glucose
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
(gram/L)

135–145
30
77
140
154
131

98–110
30
77
98
154
111

3.5–5
—
—
5
—
5

1.0–1.8
—
—
1.5
—
—

—
—
—
—
2

—
—
—
—
29

—
—
27
—
—

—
—
23
—
—

3.6–5.4
40
25/50
50
50
—

Table 2 Standard maintenance rates
Weight

Daily ﬂuid requirement

Hourly ﬂuid requirement

<10 kg
10–20 kg
>20 kg

100 mL/kg
1000 mL + (50 mL/kg for every kg of body weight greater than 10 kg)
1500 mL + (20 mL/kg for every kg of body weight greater than 20 kg)

4 mL/kg
40 mL + (2 mL/kg for every kg of body weight greater than 10 kg)
60 mL + (1 mL/kg for every kg of body weight greater than 20 kg)

They estimated paediatric electrolyte requirements as a midpoint
between that received by the consumption of breast milk, and
that recommended in adults, concluding that children need
approximately 2–4 mmol of sodium per kg/day. When combining their recommendations of maintenance ﬂuid volumes and
these assumed total daily electrolyte requirements, clinicians
began prescribing a ﬂuid containing approximately 30 mmol/L
of sodium. Given that plasma contains approximately
140 mmol/L of sodium, this ﬂuid is markedly hypotonic. This became the basis of intravenous ﬂuid prescribing for the next
50 years.
In the 1990s, case reports started to emerge of deaths as well
as severe neurological morbidity secondary to hyponatraemic
cerebral oedema in association with hypotonic intravenous ﬂuid
administration.6–10
When a hypotonic ﬂuid with a sodium concentration markedly
less than plasma is administered intravenously, the osmolality of
the intravascular space drops: in essence, it is ‘diluted’.11 The resultant osmotic gradient will drive ﬂuid from the intravascular space
into the intracellular space in order to equilibrate the osmolality
between the spaces. This inﬂux of water into the intracellular space
causes its volume to increase. In the ﬁxed volume of the cranial
cavity, there is a limit to the space available for brain tissue expansion. Neurological damage may occur through a combination of
direct cell damage, regional hypoperfusion from areas of swelling,
loss of autoregulation and more generalised reduced cerebral perfusion pressure. In extreme cases, an oedematous brain may swell
into the base of the skull. Parts of the cerebellum may herniate
through the foramen magnum, or part of the cerebral cortex be
compressed by the tentorium cerebri, with neurological morbidity
or mortality a likely consequence.
Such dire outcomes occur rarely in children who receive hypotonic intravenous ﬂuids. For most, their renal system will
compensate for the reduced serum osmolality with an increased
excretion of free water. However, sick children are more likely to
138

release anti-diuretic hormone (ADH) as a response to illness.
This response reduces the ability of the kidneys to excrete water,12 markedly reducing the requirement for ﬂuid input. From
an evolutionary perspective, this is an important physiological
process as the ability to eat or drink is impaired in most serious
illnesses. However, when hospitalised patients are administered
hypotonic ﬂuids at rates recommended for healthy children,
this increases the risk of hyponatraemia and its potential
consequences.
Speciﬁc patient groups have been thought to be at a higher risk
of ADH secretion. These include patients who have undergone
craniofacial or spinal surgery and those with head injuries or meningitis.13–18 However, the conditions known to be associated with
increased ADH levels are broad, including common febrile and infectious illnesses,17,19–22 and surgical procedures.23,24 Case reports
released in 2010 of four paediatric deaths in Canada and the USA
secondary to hyponatraemic encephalopathy included two previously well children who underwent tonsillectomies and a further
patient who had presented with gastroenteritis.25 These patients
would not traditionally be considered to be high risk but died after
receiving hypotonic intravenous ﬂuid.

Composition of Intravenous Fluid
Sodium
In response to concerns regarding hyponatraemia, studies
have been conducted over the past decade comparing hypotonic with isotonic intravenous ﬂuid for maintenance hydration in children. A recent Cochrane review,26 including 10
studies of 1106 children – the majority being intensive care
patients and/or surgical patients – concluded that isotonic
ﬂuid was protective against hyponatraemia when compared
with hypotonic ﬂuid (probability of hyponatraemia of 17%
vs. 34%; relative risk 0.48; 95% conﬁdence interval (CI)
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0.38–0.60). A subsequent study of an additional 690 children
in a broad paediatric population also found that isotonic ﬂuid
was protective against hyponatraemia (4% vs. 11%; odds
ratio 0.31, 95% CI 0.16–0.61; P = 0.001) without evidence of an
increase of adverse consequences including hypernatraemia or
overhydration.27
The results of this research should lead to a signiﬁcant change
in maintenance ﬂuid recommendations:
Isotonic ﬂuid containing a similar sodium concentration to
plasma should be the standard intravenous ﬂuid prescribed for
maintenance hydration in children.

associated with decreased renal perfusion, decreased gastric perfusion and increased mortality.37,38
Balanced solutions, such as Plasmalyte148 or Hartmann’s,
contain less chloride than 0.9% sodium chloride, resulting in a
ﬂuid which is more similar to the electrolyte composition of
plasma. These ﬂuids have been shown to carry a lower risk of
hyperchloraemic acidosis than 0.9% sodium chloride.34,35
Further research may be required to establish whether a balanced solution, containing a similar chloride concentration to
plasma, would result in better paediatric clinical outcomes than
0.9% sodium chloride when used for maintenance hydration.

Glucose

Calcium and magnesium

The ideal glucose concentration of maintenance ﬂuid has not been
well established, with variation in prescribing patterns between
paediatric hospitals in Australia, the majority recommending between 2.5% and 5% glucose for children (excluding neonates).
The work of Neville has concluded that 2.5% glucose may not be
adequate to prevent hypoglycaemia, with 15% of postoperative
patients receiving 2.5% glucose requiring an increase in glucose
concentration due to hypoglycaemia and/or ketosis.28

Other components of balanced intravenous ﬂuids include
calcium (contained in Hartmann’s) and magnesium (contained
in Plasmalyte148).
Calcium containing solutions are incompatible with blood
products, due to calcium’s pro-coagulant effects on citrated
blood. In addition, calcium containing products may cause precipitation of ceftriaxone and are not recommended to be given
concurrently.39
Magnesium is thought to have less signiﬁcant incompatibilities, but Plasmalyte148 has had relatively less compatibility testing when compared with 0.9% sodium chloride or Hartmann’s.

Potassium
As with glucose, the ideal potassium concentration for intravenous ﬂuid is poorly understood. Most of the total body potassium is intracellular, so if children are on prolonged
intravenous ﬂuids, it is likely they will need an intravenous ﬂuid
with a higher concentration of potassium than that in the intravascular space. Recommendations for potassium in maintenance
ﬂuid vary, with most guidelines stating that maintenance ﬂuid
can contain either no potassium or 20 mmol/L of potassium.
The decision to add potassium may be guided by the serum potassium and the underlying diagnosis.
A paediatric intensive care setting where low (5 mmol/L)
potassium containing ﬂuid was routinely used reported 31% of
patients received additional potassium in their maintenance
ﬂuid.29 This study, published in abstract form only, did not report on the reasons for the addition of potassium or whether
hypokalaemia was recorded.

Chloride
0.9% Sodium chloride contains both sodium and chloride concentrations of 154 mmol/L. This chloride concentration is markedly
above that of plasma (which contains approximately 100 mmol/L).
The extracellular compartment of the body exists in electroneutrality, with the sum of anions equalling the sum of cations. When chloride increases relative to sodium, there is a reciprocal reduction in
bicarbonate, ultimately resulting in a metabolic acidosis,30–32 also
known as a hyperchloraemic acidosis. This nomenclature is somewhat of a misnomer, as it is the relative difference between cations
and anions which creates the change in pH (also known as the
strong ion difference).33 That is, the same acidosis can exist with a
normal chloride where the sodium level is reduced.
A hyperchloraemic acidosis has been increasingly described as
a consequence of 0.9% sodium chloride infusions.34–36 In animal and adult studies, hyperchloraemic acidosis has been

Rates for Administration
As previously described, hospitalised children may have increased levels of anti-diuretic hormone secretion, which reduces
their ability to excrete water. The data that established the
100/50/20 or 4/2/1 guidelines for maintenance ﬂuid rate were
derived from the estimated water requirements of healthy children. The rates required for hospitalised children are likely to
be less. For children who are not dehydrated and those with
meningitis or pneumonia, consider commencing intravenous
ﬂuids at ½–2/3 of the standard maintenance rate.
Fluid input, in addition to the maintenance rates prescribed,
should be appreciated. Unwell children receiving multiple antibiotics and other drugs are likely to be receiving substantial ﬂuid
volumes with drug administration. Children’s oral intake should
also be considered, with the maintenance ﬂuid volume adjusted
accordingly.

Fluid Monitoring
All children receiving intravenous ﬂuids should have regular
monitoring of their hydration status, with subsequent adjustment of their ﬂuid prescription. This includes monitoring their
weight, assessing their input and output, a clinical assessment
and checking of their serum electrolytes.
Monitoring should be initially performed 6 h after starting
intravenous ﬂuid and at least daily thereafter. More frequent
monitoring should occur in patients who are particularly unwell.
Case reports have described children becoming clinically unwell
and dying from IV ﬂuid associated complications within 24 h of
starting therapy.6,25 Fluid input should be considered as a
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potential contributor whenever there is a clinical deterioration in
a child receiving intravenous ﬂuid.

Conclusions
Recent research in children should lead to a signiﬁcant change in
guidelines for intravenous maintenance ﬂuid therapy: an isotonic ﬂuid with a similar sodium concentration to plasma should
be used in the majority of children. There are a number of
isotonic ﬂuid options to consider, but a balanced ﬂuid with
less chloride than sodium may be the most appropriate. In a
non-dehydrated child, a starting infusion rate of less than
the previously recommended 100/50/20 or 4/2/1 rate should
be considered.
Intravenous ﬂuid should be considered to be a drug prescription and, similarly, the beneﬁts and side effects need to be
balanced. Regular monitoring with appropriate changes to the
ﬂuid prescription is paramount to ensure the safety of children
receiving maintenance intravenous ﬂuid therapy.
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