ADC -- Taylor and Durward 89 (5): 411 Page l 0'8 .

&8 A new FREE service for UK GPs

HOME HELP FEEGBACK SUBSOFE cloabiy L ob iy Lol a:-'-.,:-'.i_',;. :-:.-*.'.f-‘_t-r,.;; _.‘-
- Access via PAY PER ARTICLE

Archives of Disease in Childhood 2004;89:411-414
© 2004 BMJ Publishing Group & Royal College of Paedtatrics and

Child Health

» PDF Version of this Article
» Citation Map
P Email this link to a friend
» eLetters: Submit a response¢ to this article
NEBATE . > Similar articles in ADC Online |
-+E _ » This Article has been cited by:
. Mamtepance fluid therapy other online articles
» Search PubMed for articles by:

s Pouring salt on troubled waters | oylon Dl urerd. A

new articles cite this article

» Download to Citation Manager

oD T~vlor and A Durward

W » Collections under which this article appears:
Paediatric Intensive Care Unit, Guy’s Hospital, London, UK Other Pediatrics PP

Correspondence to:

Dr A Durward

Paediatric Intensive Care Unit, 9th floor, Guy’s Tower Block, Guy’s Hospital, St Thomas Street, London SE1 9RT, UK;

adunvard@,doctors.org.uk

The case for isotonic parenteral maintenance solution
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- Intravenous fluid and electrolyte therapy for acutely ill childrenhas been a cornerstone of medical
~ practice for well over 50 years. The scientific methodology behind fluid regimens generated much
13 dev . in the early 1950s following the pioneering work of Darrow, Talbot, Gamble and othfzrs who

recognised the important relation between caloric expenditure and requirements for water. '

iture was originally calculated according to body surface area, which at the bedside

Caloric expend
day and Segar simplified this approach. relating

required either tables or 1:1c:)r:t:10grams.l In 1957 Holl

energy expenditure to one of three weight based categones
d on a weight basis, producing an ideal", hypotonic solution

]

requirements were also calculate

29 saline in 5% dextrose water (0.18% saline in 4%

comprising O
d on a global scale and 1s recommended in current

This simple regime was subsequently adopte
paediatric and medical textbooks.

s in our understanding of water and electrolyte handling in health and disease have calleq

Holliday and Segar approach. Specifically, many authorshave
fluid may result in iarrogemc hyponatracmia in hospitalised

Advance
into question the validity of the
reporicd how hypotonic maintenance fl

patients, often with devastating consequences.=
on which this traditional regime 1s based (energy cxpenditure, agd water and electrolytes
. requirements) and use this to make the case for an alternative, namely 1sotonic flund.
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(<10 kg, 10-20 kg, >20 kg).? Electrolyte

dextrose in the United Kingdom).

3-10 1n this article we re-cvaluate each of the concepts .
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PITFALLS OF THE WEIGHT BASED HOLLIDAY AND SEGAR APPROACH
Energy expenditure '

Talbot originally estimated basal metabolic rate in children based on water loss. H Crawford
extended this concept, by presenting total energy requirements (basal metabolic rate plus growth and
activity) using this data in relation to body surface area (fig \@). Holliday and Segar further advanced
this by indexing energy expenditure to body weight rather than surface area. assuming 1 ml of water
loss was associated with the fixed consumption of 1 kilocalorie.* The typical fluid losses for children
(table 1®) thus equate with an energy requirement of 120 kcal/kg/day for a 10 kg child.!=

Figure 1 Daily caloric expenditure according to the weight
hased method of Holliday and Segar and by surtace area
method of Crawford. and basal metabolic rate.

Comparison of two different methods for calculating
caloric expenditure across weight ranges (open squares =
Holliday and Segar’s weight based method: open circles =

Crawford’s surface area method-; referenced against basal

10 20 30 40 50 60 7
Weaight {kg} metabolic rate—).

View larger version (18K):
[in this window]
[in a new window]|

View this table: Table 1 Typical water losses per 100 kilocalories (kcal) of energy
[in this window] expended for a healthy 10 kg child '
[in a new window}

v

There are two main flaws with this approach. First. it is now known that resting energy expenditure
_:losely related to fat free mass which ‘ncludes muscle and the four major metabolic organs ( heart.
liver, kidneys, and l:mrz—zain).-l—ji Eighty per cent of the resung energy expenditure is accounted for by
these four organs which comprise only 7% of total body mass. As aresult, the use of weight alone t©
calculate energy expenditure may significantly overesumate caloric requirements. On average. the
weight based method overestimates energy requirements in infants by 14% compared to the surface
area method (fig |@).2 Second. energy expenditure in healthy children. on whom historic models are
based. is vastly different in acute disease or following surgery. Using calorimetric methods. energy
expenditure in these patients 1 closer to the basal metabolic rate proposed by Talbot. averaging 30—
60 kca.l/kg/day.-;-‘—l—'if? This overestimate is multifactonal: ill patients are catabolic. often relaunvely
inactive, and, in the intensive care environment may be pharmacologically sedated or muscle

relaxed. 2=~ Almost half of the caloric ntake suggested by Holliday and Segar 1s designated ror

~ growth, an unrealistic goal in acute disease.-Y Although rever and sepsis per s€ may Increase

metabolic rate this is usually limuted 1o less than 1.5 times the basal metabolic rate. burns being an
exception.

Water requirements ,
Historically water requirements have been based on crude estimates of both insensible (skin,
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espiratory tract) and sensible (urine and stool) water losses.

i

Insensible water loss _

This was generously estimated at 930 ml/m*/day (27 ml/kg/day).-‘-§ Recent data suggest the true
figure may be only half of this, with basal insensible l0sses from the skin being 250 ml/m>/day (7
ml/kg/day) and via the respiratory tract 170 ml/m?/day (5 mlfkg/day).lﬂ Additionally many other risk
factors may reduce sensible water loss such as use of humidifiers in ventilated patients (80%
reduction in respiratory water loss) or a thermo neutral en-vironment.u- Bluemle et al have shown

| i_nsensible water losses of as little as 330 ml/m*/day (10 mi/kg/day) In catabolic acute renal failure

patienta.z'-g—

Urinary 10ss of water .

According,to Holliday and Segar, urinary water losses for healthy children amount t0 50—60
%"rn],’:ﬁkg/clayf“l based on the work of Pickering and Winters (table 1’).‘—3—- The basis of this fluid regime
: Efwf ~ the observation that 15/28 infants and 20/25 children (unspecified diagnoses) who were given
avenous dextrose produced urine with an*”acceptable” urine osmolarity between 150 and 600

© Today we recognise this does not take into account the overriding influence of antidiuretic hormone
"~ (ADH) on urine fow rate.=~ When ADH 1s present, the renal solute load is effectively excreted in a
~ smaller urine volume producing concentrated urine. Under these conditions urine output is often less

-0 s : : A : .
B imanhalf the values observed 1n healthy children (approxunately 25 ml/kg/day).== An ncrease in
- JLDH ‘s common during many childhood diseases, in response 0 Stress (pain, fever, surgery ) of

H”ﬁ;,_“’ ..';

éecondary to use of opiates and non-steroidal anti-inflammatory drugs.=*=== Under these cond1tions
the administration of free water frequently leads to hyponatraemia because the kidneys are unable to

H ,

xcrete the water load.>
Judd et al showed that 0.9% saline but not 3% dextrose reduced ADH concentrations

T toperatively.=

Thus the total fluid loss (sensible plus ‘nsensible) during acutely 1lness or following surgery may
amount to approximately half that suggested by Holliday and Segar (50-60 ml/kg/day ).': -2 Also. the
often overlooked production of endogenous water trom rissue catabolism (water of oxidation) may
be increased 1n acute disease.=? In healthy ~hildren. this has been esumated 0 be 15 ml/100 keal

| burnt.> Thus, all these tactors need consideration when assessing overall water baiance.

Electrolyte requirements

[n healthy breast fed infants Holliday and Segar computed adietary sodium intake of 1 mEg/ 10U

calories per day 4 Darrow recommended 3 mEq ot sodium per 100 calones ot energy expended per

day.? This is based on urinary excretion rates of sodium in healthy. milk fed infants. However. daily
~ electrolyte requirements in disease may differ considerably from this. For example. large unnary

doubling the daily sodium \ntake (4 to 5 mmol/kg) n neonates.~> This refutes the assumption that the
neonatal kidney 18 incapable of "handling" a high sodium load. The recent discovery ot the most

*

potent natriuretic hormones, urodilatin and gut-related natriuretic peptide has also shed new light on
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Che rationale behind the traditional approach is to balance sodium intake to match sodium loss.
However, this fails to appreciate the single most important role of sodium in acute 1liness, namely
maintenance of plasma tonicity 23:27 There is a strong inverse relation between plasma sodium
concentration and intracellular volume.2! Cell membranes are permeable to water but not
electrolytes. As sodium is the major extracellular cation (and hence osmole). it regulates the

movement of water across cells along an osmotic concentration gradient, thus explaining cellular

It is also important 10 recognise the role of potassium in the regulation of tonicity balance. Potassium
“is a major’intracellular osmole. and may directly 1 fluence extracellular sodium concentration by

iy

altering the distribution of water between fluid compartments.= Potassium loss. both urinary and
“iisto0l, may be sigmificant ‘n disease; yet its direct influence on serum sodium concentration 1s often

-y
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~ Tonicity of intravenous fluids
Ttis crucial that clinicians appreciate the difference between osmolarity and tonicity. The osmolarity
of a solution is the number of osmoles of solute per litre of solution. The tonicity of a solution refers

to the total concentration of solutes that exert an osmotic force across a membrane in vivo. For
example, 5% dextrose has the same osmolarity as plasma (286 mosm/l H,O) but is rapidly

metabolised in blood to water. Thus its in vivo tonicity is equal to that of electrolyte free water, as 1t

contains no salt or other active osmole (zero tonicity). Every litre of 5% dextrose infused results in

~ the expansion of the ntracellular and extracellular fluid space by one litre (tWo thirds of this

*. distributes to the intracellular space and one third to the extracellular space). Similarly. for every litre

5t 0.18% saline in 4% dextrose watet infused. only 1/3th (200 ml) 1s isotonic to plasma (table 2&).

~ The remaining 200 ml is electrolyte free water, which will expand the intracellular fluid
compartment. This 18 particularly relevant f excretion of water is limited by ADH. ===+ This

-

SNt
-_‘.}..—.

L

“1id shift may even occur in the absence of hyponatraemia.= Small increases in tissue water through
7 “he use of hypotonic fluids may be harmful in conditions such as cerebral oedema where minor
‘ncreases in cerebral water may lead to disproportionately jarge increases 1n intracramal pressure.

View this table: Table 2 Approximate sodium concentration. in vitro osmolarty . In VIVO
[in this window] tonicity. and theoretical volume of electrolyte free water (EFW) provided
lin a new window] by commonly used intravenous solutions

The incidence and neurological complications of acute hyponatraemia
Hyponatraemia s a common biochemical finding in hospitalised children and is most commonly due
1o excess water intake rather than sait loss, —=====- Shann and Germer showed an incidence of
hyponatraemia (Na <134 mmol/) as high as 45% 1n hospitalised children with pneumonia and 20%o
in bacteral meningitis.-s- Hanna et al recently reported a 30% cidence of admission hyponatraemia
i1 infants with bronchiolitis requiring intensive care rdmission in the United Kingdom. 13% of
which had seizures. > Halberthal er af was able to show a direct link between hyponatraemia and the

use of hypotonic maintenance fluid. - The neurological complidations ot acute hyponatraemia include
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.ncephalopathy with seizures, irreversible brain damage, or brain death from cerebral herniation.” "

~hildren are also among the most susceptible to hyponatraemic brain injury.>2

~an occeur within hours of hypotonic fluid administration, particularly if standard fluid maintenance
rates are used (100-120 ml/kg/day).-'—(—] -

Fatal hyponatracmia

THE RATIONALE FOR ISOTONIC MAINTENANCE FLUID

The paramount consideration in the choice of intravenous fluid is the requirement to maintain serum
sodium at a normal level. The use of isotonic solutions such as 0.9% saline is more appropriate in |
‘acutely sick children as they do not theoretically expand the intracellular fluid space. Isotonic
solutions preserve intracellular function and integrity, by minimising changes in plasma sodium
" concentrafion and tonicity. '

Use of 0.9% saline as maintenance fluid. it combined with appropriate tluid restriction, will result N
~a* to threefold increase In daily sodium intake compared to the traditional regime. However, the
% scern that this may cause severe hypernatraemia i1s without toundation because the sodium
concentration and tonicity of 0.9% saline is similar to plasma. Andersen et al showed a rise in plasma
. sodium only after intravenous administration of hypertonic 3% saline but not 0.9% saline. despite a

~ temporary positive sodium balance.>= Heer et al showed chronic sodium loading in volunteers does

- npot produce an increase in plasma sodium, body water, or weight as previously sug__g_:gested..ii Many of

" the historical assumptions concerning sodium handling are based on salt depleted subjects. Indeed

- massive sodium loads from large volume resuscitation of infants and children with sepsis (80—180

mlkg/day) using 0.9% saline did not produce hypematraf:mia.i—:E Additionally an epidemic of '

hypernatraemia has not been documented in hospitalised adults where 1sotonic maintenance fluids
are routine. When present, the aetiology of hypernatraemia in this scenario is frequently due to well
recognised factors such diabetis insipidus or over-use of l:>0p diuretics. " '

The debate as to the optimal isotonic fluid is ongoing. For example, Hartman's solution has a more

phvsiological concentration of chloride than 0.9% saline and hence does not cause hyperchloraemia.

- benefit of Hartman's solution versus 0.9% saline is not currently known. It is important to stress

that dextrose may be added to these isotonic solutions (commonly in concentration of 3—10%). when

~ clinically indicated to avoid hypoglycaemia without changing the solution’s in vivo ronicity (table _
7). Recent evidence suggests that a 1% dextrose solution foilowing uncomplicated paediatric surgery
may be adequate.z A suitable solution for neonates and intants is 0.9% saline in 5%o dextrose water.

" which is commercially available. We advocate 0.9% saline (with or without added dextrose) as a sate
maintenance solution, both perioperatively and in the acute phase of most childhood illnesses -
requiring hospitalisation (for example, pneurnonia. bronchiolitis. and meningius). Here. the water
retaining effect of antidiuretic hormone may necessitate a moderate degree of fluid restncnon (30—
50%) to prevent fluid overload. The concept of fluid maintenance should not be confused with
replacement therapy where abnormal or excessive quantities of water and electrolvies may oe 10sL. in

" this instance the biochemical composition and toniciry of ine replacement solution shouia

approximate that which 1s lost.

CONCLUSION

We have shown a number of pitfalls in the Holhiday and Segarapproach to parenteral therapy.
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namely that it focuses on fluid and electrolyte requirements for healthy children. [n acute diseasc or
following surgery, calornc expenditure; 1sensible water losses. and urine output are frequently much
less than in health (often 50-60% of the reference values). Furthermore, this apprbach fails to
recognise the importance of tonicity with its central role in the distribution of water between fluid

compartments (intracellular and extracellular space).

We therefore agree with Moritz and Ayus who advocate isotonic solutions such as 0.9% saline tor
routine fluid maintenance in children.:3 Hypotonic solutions. such as 0.18% or even 0.45% saline.

~ are potentially dangerous when renal water excretion is limited by ADH. This raises a significant
etliical barrier to conducting a andomised control study as most acutely ill or postoperative patients

have increased ADH levels. There are fow occasions in medicine where mortality could be reduced
by a task as simple as changing from a hypotonic maintenance solution to an isotonic one.
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FOOTNOTES

* Crawford calculated caloric expenditure based on the calories utilised per surtace area of the body.
The calculated caloric expenditure at each body surface area increment can be converted to weight
by cross-referencing surface area to weight using standard growth charts. The ratio of weight to
surface area rapidly declines from birth to 10 kg. The Holliday and Segar method does not take this

into account.d

”'From the data ot Talbot k3
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