
Young people with insulin depend-

ent diabetes mellitus are three

times more likely to die in child-

hood than the general population.1 De-

spite advances in management over the

past 20 years, the incidence of mortality

associated with diabetic ketoacidosis

(DKA) remains unchanged. Cerebral

oedema is the predominant cause of this

mortality; young children are particu-

larly at risk, with an incidence of 0.7–1%

of episodes of DKA.2 3 The mortality

appears to be greatest among patients at

first presentation,1 3 4 if there has been a

long history of symptoms prior to

admission,3 and during the first 24 hours

of treatment.4 In a recently published

retrospective multicentre analysis of

children with DKA, low pCO2 levels and

high serum sodium concentration at

presentation were identified as particu-

lar risk factors for the development of

cerebral oedema, together with bicarbo-

nate therapy.5 However, in the accompa-

nying editorial, Dunger and Edge point

out that this may simply be revealing an

association between severe DKA and

dehydration and the risk of cerebral

oedema.6 The pathogenesis of cerebral

oedema remains poorly understood but

there may be many contributing

factors.7

The aim of management of DKA is to

restore metabolic homoeostasis while

minimising the risks of complications

including hypoglycaemia, hypokalaemia,

cardiac failure, and in children the

development of cerebral oedema. How

best to achieve this remains contentious,

with particular controversy centred on

optimal fluid management. The most

appropriate volume, type, and rate of

fluid to be given have all been the subject

of debate. A survey in 1994 of UK

paediatricians found a threefold varia-

tion in the amount of fluid recom-

mended within the first 12 hours.8 Since

then national guidelines have been de-

veloped by the British Society for Paedi-

atric Endocrinology (BSPE). However, it

remains uncertain whether the recom-

mended strategy, using a volume calcu-

lated by “maintenance plus deficit”, is

the safest and most appropriate way to

manage rehydration in children with

DKA. We suggest that childhood DKA

may be considered and treated as a vari-

ant of renal electrolyte disorder with

hypertonic dehydration.

FLUID AND ELECTROLYTE LOSSES
The fluid and electrolyte losses of DKA

are predominantly caused by hypergly-

caemia with resultant glycosuria and

osmotic diuresis. In addition, the kidney

has a low threshold for ketoacids, which

are excreted into the urine with an

accompanying cation, further exacerbat-

ing the electrolyte loss. Relative acute

dehydration with a larger sodium loss

will result primarily in intravascular

dehydration, but a more prolonged de-

velopment will result in a greater degree

of intracellular dehydration, with rela-

tive maintenance of intravascular vol-

ume, particularly if the patient remains

polydipsic.9 There are thus wide varia-

tions in fluid, acid–base, and electrolyte

deficiencies, during both development

and treatment of DKA, yet few protocols

acknowledge this.

There is clear evidence that volume

depletion triggers the release of counter

regulatory hormones including catecho-

lamines, growth hormone, and cortisol

as well as renin, aldosterone, and ar-

ginine vasopressin.10 11 These hormones,

whose combined actions are directed

towards preserving intravascular vol-

ume, also cause insulin resistance. An

important effect of fluid administration

is therefore reducing the stimulus for the

secretion of the counter regulatory hor-

mones. Indeed it has been shown that

plasma glucose starts to fall following

fluid administration prior to giving insu-

lin, although insulin is required for

correction of the metabolic acidosis.12

RISK FACTORS FOR CEREBRAL
OEDEMA
The importance of prompt restoration of

the circulating volume for patients pre-

senting with DKA is clear. However, the

observation that symptomatic cerebral

oedema often occurs several hours after

treatment has begun, usually at a time

when plasma glucose has started to fall

and metabolic acidosis to improve, has

led to concern that the treatment itself

may contribute to the development of

cerebral oedema. There have been few

case controlled studies of cerebral

oedema complicating DKA and there is

conflicting evidence as to the role of

iatrogenic factors in fatal cases.6 13 How-

ever, excessive rates of fluid administra-

tion, particularly early in resuscitaion,14

and failure of plasma sodium to rise as

plasma glucose declines, have been iden-

tified as risk factors.

Studies using computed tomography

suggest that subclinical cerebral swelling

may be a common occurrence in children

presenting with DKA,15 16 although this

has been disputed.17 If cerebral swelling

is a relatively common event it is not

clear why only a minority progress to

herniation. In addition, fatal herniation

has occurred in the absence of any fluid

therapy. Therefore, although clearly not

the only cause, it seems reasonable to

conclude that fluid management may be

a factor contributing to the development

of overt cerebral oedema. On the basis of

the available evidence it would seem

prudent to avoid rapid rates of fluid

infusion and to maintain serum sodium

concentrations in order to avoid the

potential danger of excess free water

administration which may exacerbate

the development of symptomatic brain

swelling.

Failure to follow guidelines for the

management of DKA has been well

documented.18 Of particular concern is

the evidence that clinicians have been

consistently shown to overestimate the

degree of dehydration in this

condition.19 20 Nevertheless, the assump-

tion underlying most DKA protocols is

that rehydration is desirable and achiev-

able in 24 hours, using a volume calcu-

lated by “maintenance plus deficit”.

THE NEED FOR CHANGE?
From a renal perspective the term

“maintenance fluid” is a misnomer. True

maintenance fluid volume in children is

the sum of the insensible losses plus the

obligate urine production and is prob-

ably only 40% of recommended

amounts.21 Water requirements are re-

lated to energy expenditure. The recom-

mended “maintenance” volumes are

based on calculations of insensible losses

(estimated as 50 ml/100 cal/day) plus

66.7 ml/100 cal/day to replace urine

output.22 This allows for production of

isotonic urine. As normally functioning

kidneys are capable of fourfold concen-

traton of the glomerular filtrate, “main-

tenance fluids” will provide sufficient

volume for both insensible and obligate

losses as well as the extra needed for

rehydration. A 5% dehydrated child with

normally functioning kidneys can be

rehydrated using “maintenance” fluid

only—albeit slowly.

In non-diabetic dehydration it is cus-

tomary to assess whether the dehydra-

tion is hypertonic, hypotonic, or isotonic
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and whether there is simple contraction

of the extracellular compartment or

whether compensatory mechanisms are

operating.

It is accepted that safe therapy of

hypertonic dehydration should be both

prolonged and cautious to avoid the

development of fits and cerebral oedema

during rehydration.23 24

The cells of the central nervous system

protect cell volume under hyperosmolar

conditions by producing intracellelular

osmotically active molecules, “idiogenic

osmoles”.25 Once formed these molecules

dissipate slowly. Rapid reduction of

plasma osmolality by the administration

of free water under these conditions will

create a gradient, causing movement of

water into brain cells and thus brain

swelling. These considerations probably

apply equally to hypernatraemic dehy-

dration and diabetic ketoacidosis.

We suggest that the treatment of

dehydration of severe DKA should be

based on the general principles used to

treat dehydration combined with renal

failure, taking into account the addi-

tional relatively brief19 problem of an

osmotic diuresis. Halting the decompen-

sation process is the initial therapeutic

goal, followed by provision of sufficient

fluid to allow the establishment of renal

and hormonal homoeostasis over a pe-

riod of time comparable to that taken for

the problem to develop. There is no

evidence that the use of modest fluid

regimens is harmful.26 27 Harris and

colleagues19 28 have shown that in 149

episodes of childhood DKA, rehydration

over 48 hours was associated with “no

deaths or near death episodes”, and

Johnston reported that in adults a

regimen of 48–72 ml/kg/day was safe.29

A PROPOSAL
Twenty or so years ago there was a revo-

lution in the management of DKA with

the introduction of continuous intra-

venous insulin infusion. Perhaps it is

now time for another review, not only of

the fluid management, but also of all

other aspects. There are several inter-

ested parties—endocrinologists, neph-

rologists, general paediatricians, and

specialists in emergency medicine. We

wonder whether a summit meeting

should be convened to consider this; per-

haps to commission research (the NHS

and the corporate spirit of British paedi-

atrics are ideal for such multicentre

studies) and propose a second revolution

in DKA management. Who will step for-

ward?
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. . . . . . . . COMMENTARY .. . . . . . .

The treatment of the child with dia-

betic ketoacidosis (DKA) is unfortu-

nately not based on very much

evidence, but rather on anecdote and

precedent. Fluid management has devel-

oped over several decades, with changes

occurring gradually in an attempt to avoid

complications (initially hypokalaemia,

more recently cerebral oedema), rather

than a logical approach to the particular

fluid and electrolyte deficits. This has

resulted in some anomalies in the man-

agement of DKA, and Inward and Cham-

bers have now opened the debate about

whether a revolution in fluid and electro-

lyte management is necessary.

DKA is associated with severe fluid

losses. Much of the information about

the specific fluid and electrolyte deficits

in DKA was obtained in the 1930s from

work on two young men with diabetes

whose fluid and electrolyte balance was

studied in great detail before, while, and

after they were allowed experimentally

to become ill with DKA.1 The reported

fluid deficit appeared to be approxi-

mately half from the intracellular and

half from the extracellular

compartments.1–3 This work formed the

basis for most of the DKA management

protocols in existence.3 4 For obvious

reasons, these studies have never been

repeated in children, and yet body

composition and fluid requirements are

very different from those in adults.

Moreover, as Inward and Chambers

point out, factors such as the duration of

the episode of DKA will produce wide

variations in fluid and electrolyte defi-

ciencies. The water deficit is made up of

varying combinations from the osmotic
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