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Choice of Maintenance Fluids - Does it Hold Water?
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Maintenance intravenous fluids are an
integral part of care in acutely ill
hospitalized children, the main objective
being to compensate for the renal and

insensible losses.The fluid calculation is based on the
five decade old Holliday and Segar formula derived from
calorie expenditures of healthy children [1]. However,
accumulating evidence over the years has challenged
this traditional approach. The hypotonic formulae
extrapolated from healthy children tend to overestimate
fluid needs in sick children as their endogenous
metabolism and calorie expenditure are reduced.
Additionally, non-hemodynamic stimuli for Arginine
Vasopressin (AVP) impairs the kidney’s ability to excrete
free water thus adding ‘fuel to the fire, thereby increasing
the risk of hyponatremia. It is believed that virtually
every hospitalized patient requiring intravenous fluids
has a potential stimulus for AVP excess and should be
considered to be at risk for hyponatremia.

This physiological phenomenon has been amply
supported by evidence that suggest that hypotonic
fluids are the primary factor leading to hospital-acquired
hyponatremia. A recent meta analysis [2] of 10
randomized controlled trials involving 855 subjects
concluded that hypotonic intravenous fluids
significantly increased the risk of hyponatremia in
hospitalized children.  In this issue of Indian Pediatrics,
Shamim, et al. [3] have reported a randomized controlled
trial comparing reduced maintenance volume (60%)
isotonic versus standard maintenance volume hypotonic
maintenance fluids, and concluded that the former
resulted in fewer hyponatremic episodes during the first
48 hours of fluid therapy. The incidence of hyponatremia
in the hypotonic versus isotonic saline group was 70%
and 33.3%, respectively, thus echoing the previous
observations on this issue. Also, the incidence was
much higher than the previously reported range of 1.4%
to 45% [4], possibly due to higher proportion of central
nervous system and respiratory illnesses representing
71.6% of the total study population. It is well known that
children with meningitis, encephalitis, bronchiolitis,
gastroenteritis, and head injury are at an increased risk

for hyponatremia [4]. However, what is intriguing is the
higher incidence of hyponatremia in the isotonic group
(33.3%). Most of the studies comparing the two regimens
have reported incidence of hyponatremia in isotonic
group to the tune of 1.7-16% [5-7]. This brings us to an
important question – can hyponatremia be commonly
seen even with isotonic maintenance fluids? The answer
is yes, again throwing the spotlight on the role of
kidneys in excreting hypertonic urine and generating
electrolyte free water (EFW). Expansion of intravascular
volume following isotonic fluids triggers partial
secondary desalination resulting in hypertonic urine due
to disproportionately more sodium than water loss. The
excess EFW thus formed is retained in presence of non-
osmotic AVP effect. The other mechanism to explain
hyponatremia with isotonic fluids is the intracellular shift
and redistribution of sodium due to increased membrane
permeability known as translocational hyponatremia or
sick cell hyponatremia [8]. This was the postulate put
forward by authors of a prospective observational study
where the fall in serum sodium levels in critically ill
children could not be explained solely by EFW excess or
natriuresis [9]. The above findings suggest that
hyponatremia in this study cohort was possibly
multifactorial. Alternative mechanisms of secondary
desalination and trans-locational hyponatremia may
need further exploration. Urine output measurements,
urinary electrolytes, and AVP estimation would have
been invaluable and thrown more light on this issue.

The other question the current study raises but does
not answer is that of rate of administration versus tonicity
of fluids. This debate has been addressed by a few
investigators. The opponents of isotonic fluid use argue
that if the most important determinant of hyponatremia is
excess EFW then why not counter it with restricted fluids
rather than increased salt? This argument finds favor in
the observations reported in susceptible euvolemic
patients, in whom both isotonic and hypotonic
maintenance fluids resulted in net sodium increase when
fluid restriction countered the AVP-induced ‘secondary
desalination’ [10]. On the contrary, Yung, et al. [11] in
their double-blind randomized controlled trial concluded
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that fluid type rather than rate had a greater effect on
sodium concentration even though the pre-admission
fluids received by the patients were not recorded.
Kannan, et al. [5], in their randomized controlled trial
demonstrated that incidence of hyponatremia was
reduced in the group receiving 0.9% saline in 5%
dextrose at standard maintenance volume. Similar
observations were reported by Coulthard, et al. [12],
where post operative administration of one-third normal
saline at two-thirds of standard rate caused
hyponatremia in 37% of patients.

As of now, the body of evidence is largely tilted in
favor of isotonic maintenance fluids in sick children.
However before a ‘one size fits all’ strategy becomes
applicable across the board, we need more answers on
alternative mechanisms for hyponatremia. To put the
fluid type versus rate debate to rest, further robust
studies with multiple arms for different fluid tonicity and
volumes along with measurement of urinary electrolytes,
osmolality and plasma AVP levels are needed. Until then
we need to tailor individual fluid needs, based on clinical
scenario and strict serum sodium monitoring.
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Maintenance intravenous fluids are integral
in management of sick children in whom
enteral administration of fluids,
electrolytes and energy needs is not

possible or feasible. This maintenance fluid requirement
has commonly been calculated on the basis of Holliday
and Segar formula [1], based on healthy children’s energy
expenditure needs. This estimation may not be applicable
for sick children as they have alterations in fluid balance,

renal sodium and water handling. There are non-osmotic
stimulants to vasopressin release in sick children
resulting in a tendency to free water retention by kidney
[2]. These factors predispose sick children to
hyponatremia and fluid overload when given
maintenance fluids and electrolytes using the Holliday
and Segar formula.

Hyponatremia is the most common dyselectrolytemia in
sick children; it can cause encephalopathy, death and
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permanent neurological sequelae. Holiday and Segar’s
formula suggests adding 3 mEq of sodium per 100 mL of
water for infants; this is equivalent to administering 0.18%
normal saline, which is a hypotonic fluid and predisposes
to development of iatrogenic hyponatremia. However,
many pediatricians use the same fluid for older children as
well, which is inappropriate even by the Holiday and
Segar’s formula. There is increasing evidence showing the
risk of hyponatremia with administration of hypotonic
maintenance fluids in hospitalized children [3,4], but
hypotonic fluids still remain the most commonly
prescribed fluids for admitted children [5]. While
administration of hypotonic fluids alone cannot explain
hyponatremia [6], administration of isotonic maintenance
fluid is associated with reduced incidence of hyponatremia
amongst admitted children [7]. It is noteworthy that
hyponatremia is related more significantly to the tonicity of
administered fluid rather that volume [7]. Concerns
regarding possibility of excessive sodium load and volume
overload with administration of isotonic maintenance fluid
have been allayed in various studies [7,8].

Fluid overload is associated with increased morbidity
and mortality amongst sick children, independent of
abnormalities in serum sodium levels [9]. Maintenance
fluid volume calculated using the Holliday and Segar
formula is based on normal urine output and energy
expenditure in children. It does not take into account the
effect of increased vasopressin level, reduced insensible
fluid losses, reduced energy expenditures and increased
tendency to fluid retention in a sick child. The formula
consequently over-estimates the maintenance require-
ments. This may predispose children to harmful effects of
iatrogenic fluid overload, especially in circumstances such
as Acute respiratory distress syndrome. The maintenance
fluid requirement should be individualized based on
energy expenditures, input-output balance and
hemodynamic status.

In this issue of Indian Pediatrics, Shamin, et al. [10]
provide further evidence of increased incidence of
hyponatremia associated with commonly practiced
method to calculate daily maintenance fluid requirement in
hospitalized children. In a randomized controlled trial, the
authors compared administration of hypotonic fluid at
volume calculated using the Holliday-Segar formula with
administration of isotonic fluid at 60% of the calculated
volume. They also found that children in hypotonic fluid
group had a weight gain as compared to isotonic fluid
group who had weight loss, thus indicating a fluid
overload state.

The reason to highlight the above points is to
emphasize that the general approach to intravenous

maintenance fluids is now being questioned. The method
of calculation of volume and composition of maintenance
fluids that has been used over half a century is now being
considered inappropriate for sick children. The concept of
a single formulation of fluid for all may be inappropriate, as
each child is different. Intravenous fluids should be
tailored according to child’s need and condition. The
intravenous fluid prescriptions should be reviewed, based
on electrolytes, fluid balance, hemodynamic status and
weight monitoring at frequent intervals. The National
Patient Safety Agency for England and Wales (UK) in 2007
published guidelines recommending the use of 0.45% NaCl
or 0.9% NaCl as maintenance intravenous fluids, and to
avoid 0.18% NaCl [11]. Despite this recommendation and
growing evidence against use of hypotonic fluids,
practice has not changed much.

To conclude, hyponatremia and fluid overload are
common amongst hospitalized children and are associated
with increased morbidity and mortality. There is enough
evidence supporting the prevention of hyponatremia by
use of isotonic maintenance fluids. It is time that we
stopped using hypotonic fluids, especially 0.18% saline in
5% dextrose for maintenance intravenous fluid therapy in
children in general pediatric care; the availability should be
limited to critical care units and specialist wards, for use in
limited numbers of scenarios. This information should be
disseminated by the Academy; the professionals involved
in care of sick children also need to be informed and
trained adequately. At present, isotonic fluids are
considered safe for maintenance fluid therapy and the use
of hypotonic fluid should be completely curtailed, except in
special circumstances where there is a need to administer
extra free water.
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Breast milk has a dynamic and a variable
composition during a single feed, diurnally,
and differs in composition according to
gestation, chronological age of the infant, and

health status of the mother. The timing of expression of milk
and storage can also alter this composition [1]. The
difference between preterm and term milk has been studied
in great detail by researchers; a few studies have focused
on the changes that occur in these two kinds of milk over a
longitudinal period of time. A recent systematic review of
these studies did not find any study on preterm milk
composition beyond two months of chronological age [2].
The pilot study by Dutta, et al. [3], in this issue of Indian
Pediatrics, explores an important area that has not been
evaluated well in previous studies, i.e. change in
composition of breast milk as the chronologic age
advances and the other feeds are added. The study
provides some more information regarding composition at
90 and 180 days [3]. The duration of exclusive breastfeeding
in preterm infants is likely to be foreshortened due to delay
in initiation of breastfeeding, intensive care in neonatal
period and prolonged hospitalization. These infants are
more likely to have complementary feeding introduced
before 6 months of corrected age and hence are likely to be
bereft of benefits of exclusive breastfeeding. In this study,
analysis of serial breast milk samples reveals that as the
chronologic age advances, there is an increase in the
triglyceride and sodium levels and progressive decline in
the protein content. However, to suggest that there is a
possible cause-effect relationship in sodium and
triglycerides between exclusive breastfeeding mothers
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compared to those who have introduced mixed feeding is a
speculation, because of low numbers and some
methodology related issues. Limitations of the study
include sample collection time as fat content beyond three
minutes is expected to be more, and with increasing age the
lipid concentration in the initial milk is higher due to
efficient breast emptying. The information related to milk
volume and other components of milk such as trace
elements, bioactive proteins, or anti-inflammatory
substances have not been collected. Future studies would
benefit from tracking caloric intake of infants,
breastfeeding frequency in mothers, and anthropometric
data of infants. These parameters would inform us about
infant health and other important modifiers in addition to
changes in breast milk composition over a period of time.
Authors speculate on the pathophysiology behind
differences in composition as the chronologic age
advances, such as involution of mammary gland or
changes in the cellular permeability. Although this is
possible theoretically, one cannot make a strong case for
these physiologic attributes, unless there are data on milk
volumes, secretory rates, and the concentration of
components measured and analyzed using regression
analysis. Human milk is species-specific and it is uniquely
superior for infant feeding [4]. This basic understanding
raises the question whether the compositional changes that
occur over time are nature’s way of adapting the milk
constituents to suit the infant needs. The compositional
changes in term infants during weaning have been reported
earlier in other studies [5-7], but the pathophysiologic
mechanisms that lead to these changes have not been
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explored well. Various biologically active proteins such as
secretory immuno-globulin A, lysozyme, lactoferrin,
adiponection, and beta endorphin with the exception of
leptin are seen in higher amounts in preterm milk in the first
month as compared to term neonates [8]. Whether this
composition gives the preterm a better chance for
combating infection, can only be speculated but it will be
interesting to detect levels of these components in the first
six months of life. Understanding of RNA, DNA, gene
expression of epithelial cells from breast milk (including
genes for cytokines, and other interleukins), and genome
wide evaluations would give better understanding of
reasons behind differences in composition. Breast milk is a
rich source of maternal genetic information. RNA and DNA
from breast milk is an appropriate source for conducting
gene expression or epigenetic study [9]. Scientists
interested in research in this area would be well served by
forming a coalition to conduct studies across communities
with a centralized laboratory given the task of analyzing
bioactive components as well as genomic data.
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