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Fluid management in association with neonatal surgery: even
tiny guys need their salt
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The practice of giving i.v. fluids as part of routine paediatric care
was established during the 1950s, and important initial ques-
tions to answer were what type of solution to give and at
what infusion rates. In 1957, Holliday and Seger1 published a
seminal manuscript, recommending the well-known ‘4-2-1
rule’, which almost immediately was adopted as a worldwide
standard. The composition of a normal i.v. maintenance fluid
was however somewhat more difficult to determine but was
heavily influenced by the composition of normal breast milk,
which has a sodium content in the range of 10–40 mmol
litre21.2 Thus, effectively hypotonic glucose solutions with a
low sodium content came into wide-spread use maybe bestex-
emplified by the British 4% glucose 0.18% sodium (‘four and a
fifth’).3 The history since the 1950s has shown that the ap-
proach described above works sufficiently well in the vast
number of routine paediatric cases.

However, using the standard Holliday and Segar volume
recommendations paired together with the use of an i.v. solu-
tion with a sodium concentration that diverges substantially
from that of the extracellular fluid does become a problem in
a situation of a neuroendocrine stress response, either pro-
voked by surgery or significant medical illness. The reason for
this is that the stress response includes a substantially
increased secretion of anti-diuretic hormone (ADH) that will
result in retention of free water. A physiologically more appro-
priate approach during these circumstances is to use a solution
with a close to physiological concentration of sodium (120–
140 mmol litre21) combined with the administration of a
reduced infusion volume compared with the normal situation
(50–70% of normal infusion rate).4 5 If not adhering to a
more physiological approach, the stage is set for dilutional
hyopnatraemia that can be life-threatening or even fatal.6 – 11

The insight that the paediatric use of i.v. low sodium solu-
tions was unsuitable in the context of a stress response and
that a sodium content closer to that of extracellular fluid is
more appropriate was published as early as 1964.12 However,
since no appropriate i.v. solutions were commercially made
readilyavailable by the manufacturers, the regimen of using ef-
fectively hypotonic solutions in association with paediatric an-
aesthesia and surgery has continued in many centres even to

this day. A questionnaire-based study from 2001 reported
that 97% of UK-based anaesthetists routinely used effectively
hypotonic i.v. solution intraoperatively in children.13 A similar
study published in 2006, also surveying the UK practice,
reported no major change of practice with a majority of anaes-
thetists still using hypotonic solutions both intraoperatively
and after operation (66% and 87%, respectively) and as
manyas 11% admitted that they even used the same hypoton-
ic solutions for volume replacement.14

A paramount initiative to set things straight was taken by
the French paediatric anaesthesia community in the early
1990s, spearheaded by Murat and colleagues. In a number of
clinical studies, they could show that the perioperative use of
an i.v. solution made available by the Paris pharmacy (Polyioni-
que B66, 0.9% glucose with sodium 120 mmol litre21) did keep
plasma sodium within the normal range during the post-
operative period and did also avoid clinically relevant hypo-
or hyperglycaemia.15 – 17 Furthermore, the use of this type of
i.v. solution has also been found considerably safer should
there occur unintentional over-infusion or if it would be used
for volume replacement.18 This taken together with a still
ongoing UK National Inquiry into the tragic outcomes of the
use of hypotonic i.v. solutions in ill children19 and expert
opinion3 20 – 23 has led to new and more appropriate recom-
mendations.24 – 26 Currently, proper i.v. solutions are commer-
cially available in a number of individual European countries
and hopefully soon the main manufacturers of i.v. solutions
will provide such solutions readily available to clinicians in all
European countries.26

Thus, currently the use of an intra- and postoperative i.v. so-
lution containing close to physiological concentrations of
sodium is recommended in children .6 months of age.17

However, until now, data for children 0–6 months of age
have been scarce27 and recommendations have mainly been
based on extrapolations based on normal physiology com-
bined with the insight that even our smallest children can
and will respond with a relevant neuroendocrine stress re-
sponse when subjected to surgical procedures.28 29 Studies
focused on neonates and small infants in this context have
been largely lacking.
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It is therefore with great pleasure and satisfaction that we
now can enjoy the results of yet another French initiative,
which provide us with much sought after information in this
regard. In this issue of the BJA, Edjo-Nkilly and colleagues30

report data generated from 34 neonates (0–7 days old) under-
going a variety of neonatal surgical procedures. The main focus
of their study was to investigate the effect on plasma sodium in
relation to the amount of free water that was administered i.v.
during the perioperative period. Despite the inherent problems
with standardization associated with this type of study, the
authors have been able to provide us with two newand very im-
portant pieces of insight in the neonatal context, apart from
identifying a 12% overall incidence of postoperative hypona-
traemia in this group of neonates.

First, the reduction in plasma sodium correlated only to the
amount of free water that is administered intraoperatively
and not to the amount of free water administered before
operation. This makes sense for two reasons. Based on
decades of clinical experience using regular i.v. maintenance
solutions containing a low content of sodium, we know that
normal children without any major ongoing stress response
(as is the case before surgery) will be able to handle such infu-
sions without any risk of hyponatraemia. Thus, the lack of
correlation to preoperative free water administration appears
intuitively correct. However, as surgery commences, the neu-
roendocrine stress response will be initiated, including a rapid
increase in ADH, which in turn will render the child unable to
handle the challenge represented by continued administration
of effectively hypotonic solutions. Secondly, intraoperative free
water administration in excess of 6.5 ml kg21 h21 was found to
be associated with a postoperative reduction in plasma sodium
(≥4 mmol litre21) with a sensitivity and specificity of 0.7 and
0.5, respectively. This provides us with a very useful guideline
to how much free water can be allowed during neonatal
surgery with regard to the risk of producing clinically relevant
postoperative hyponatraemia.

The data now published by Edjo-Nkilly and colleagues lend
support forextending the current paediatric consensus regard-
ing intra- and immediately postoperative use of i.v. solutions
containing �1% glucose with a near to normal content of
sodium (120–140 mmol litre21)26 to also include infants ,6
months of age. Thus, give our little guys their salt during anaes-
thesia and surgery!
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blood transfusion and intraoperative glucose by APA and
ADARPEF members: a postal survey. Paediatr Anaesth 2001; 11:
685–9

14 Way C, Dhamrait R, Wade A, Walker I. Perioperative fluid therapy in
children: a survey of current prescribing practice. Br J Anaesth 2006;
97: 371–9

15 Hongnat JM, Murat I, Saint-Maurice C. Evaluation of current paedi-
atric guidelines for fluid therapy using two different dextrose hy-
drating solutions. Paediatr Anaesth 1991; 1: 95–100

16 Dubois MC, Gouyet L, Murat I, Saint-Maurice C. Lactated Ringer with
1% dextrose: an appropriate solution for peri-operative fluid
therapy in children. Paediatr Anaesth 1992; 2: 99–104

17 Geib I, Dubois MC, Gouyet L, Murat I, Saint-Maurice C. Perioperative
perfusion in children: evaluation of a new perfusion solution. Ann Fr
Anesth Reanim 1993; 12: 6–10
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