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Editorial
Postoperative hyponatraemic encephalopathy
following elective surgery in children
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deaths per vear as a consequence OF postoperative Nattie & Fdwards (13) studied the eftects of acute
hvponatracmia (1) (Frgure 1), Therse have been o hyvponatracmia on the brain ot puppics. They round
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postoperative hvponatracmic encepnalopathy with 120 mmol-l - resulted insevere hx‘pumun‘zin (arterial

—. death or permanent brain damage (2-6). From these PO. fell from 11.4-6.9kPa (88 to 33 mmHg)) and

< etudies. 1tappmr-~ that bramn damage associated with cerebral vedema. In contrast to adults, the brains
Dostoperative hvponatraemiue encephalopathy ) of pacdiatric animals (three dav ofd pupples and
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ndividuals age. there is a progressive decline in the
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was imriicated in the outoom

aenders have more room in the ricid skull tor the
brain to expand than do vounger ones. This Hnding
i« more marked in males (21,

If adaptation of the brain is not adequate, prossurd
of the swollen brain on the rigid skull leads to a
 decrease in cerebral blood fiow (22) and cerebrospinal

fluid production (23). 1f the ability of the brain to

dapt is impaired, there will be increasing oedema,
with eventual tentorial herniation and secondary
corebral ischaemia (24). This often leads to rcspimtm'i'
insufficiency (4), with reduced delivery ot oxvgen to
brain because of the further decrease of cerebral
blood flow, thereby exacerbating the existing cerebral
ischaemia (22).

Sex steroid and certain neuropeptide hormones may
influence brain adaptation to hvponatraemia. Male
rabbits and cats are more efficient than females in
extruding sodium to decrease brain cell osmolality
during hvponatraemia, resulting in significantly less
brain swelling in male than in female hyponatraemic
animals (16,25). Oestrogens have also been reported
to stimulate, and androgens to suppress, vasopressin
release (26,27). Virtually all hyponatraemic patients
have increased plasma levels of vasopressin (17,28), a
neuropeptide which may exert multiple potentially
deleterious cerebral effects. In normonatraemic
ariimals vasopressin results in water accumulaticn 1n

RF - ALTNAGELVIN

Uhe brain (18), a sienificant decline mbrain synthesis ot
AT vy, and adecline ofbram pri (29,30). Vasopressin
Ao impairs the function ob several miportant

G DV Pathiways to hvponatracmia (51 A2,

Recoent studies have demonstrated that the brams ot
prepuberial ras arg anable to adapt to hyvponatracmia
(o The crcaier morialing with hyponatracmia i

prepubertal rats s as~ociated wiath a0 greater

Jecumulation of water in the mtraceliular space o1 the
brain than in rat< belonging to other age groups, as el

va i anainlin u'thL‘PI‘L‘PL:iWU;'iai e Lo entrude sodium

L L4+ s b1 Ao

frons brain colis. The baschng imtracellular sodium

content in the propubertal rats was greater by almost

SR than in controd adult rats o inding consistent with
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Provious studies 1 newborn doas (12,550,
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Thore are sey eral !."L‘f"-l"-?ibit FCASONS tar the INcreased
e airacelitiar sodany an prug‘*ulﬁv:'in! rat~. The
No -K ATPase svstem appears o be the malor carly
adartive pathe oy far o rLi=ion of sodium rrom braim
colis during  hvponatraemia (v and s
impairment results an decreased: ability o pump

codium out of the bramn in pwpuh*rtal rat<, the bram

Na oK ATPase activity is significantly lower than
that observed in adults, both crire (35 and i vive
(3n). Coupled with the higher brain sodium, these
differences mav reflect a limited abilitv to pump
sodium out ot the pﬁ_‘pubvrtnl brain. The increased
traceliular sodium content may be a consequencec
of limited corebral Na -K - ATPase function in young
rats compared to adults. The decreased cerebral Na ™ -
K ATPase activity mav be responsible for the
impaired adaptation to hyponatracmia in prepubertal
rats. Testosterone stimulates Na ' -K© ATPasc activity
in rat brain (37,38). Pretreatment of prcpubcrtnl rats
with testosterone resulted in a significant decrease
1 the brain intracellular content of both sodium and
water while also reducing the mortality associated
with acute hyponatraemia from 849, to zero (16).

Clinical effects of hyponatraciia 111
children vs adults

If one can extrapolate the above experimental
findings to paediatric patients, then the implications
would be that children are more susceptible to brain
damage from postoperative hvponatraemia than are
adults. The reasons include: a) decreased available
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room for swelling of the paediatric brain in the rigid
skull, leading to a propensity for brain herniation
with what might appear to be a small decrement
of plasma sodium (39); b) impaired ability of the
paediatric brain to adapt to hyponatraemia when
compared with adults (13.57); c) severe svstemic
hypoxaemia secondary to respiratory insutficiency
frequently occurs in children with onlv modest
hyponatraemia (6,13,39). The  respiratory
nsufficiency  i1s  a  consequence of increased
intracranial pressure (3).

Gomola et al. have described a prepubertal (10
Ve ears old) female child with middle face hy poplasia
who underwent elective maxillary reconstruction
(40). The surgerv went well and postoperatively,
she was given primarily tree water intravenoustv
280 mM glucose in 31 mM NaCl) at a rate of 21 per
dav. The child weighed 30 kg with estimated total
bodv water of 18.53 L. On the first postoperative dav,
the-shild became confused and developed headache
ark romunw Renal function was apparently normal
o - basis of normal plasma urea and creatinine.
The plmma «odium was tound to be 117 mmoll
She  was  initially freated  with  sodium
supplementation, but on the second post-operative
fay, the plasma sodium was =ttl low at 120 mmol-1
'he urine and plasma osmolaiities were 342 and
55 mOsm-ke . An VIR ot the brain was normal.
'he ..mrhm*q proposed three possible e\plmmtium‘.
or the hvponatraemia: 2) ditutional hvponatracmia
aucn:.dar}- to IV hvpotone ﬂLlId. ’L"] pituitary
nsutticiency; ¢} inappropriate secretion ot ADH.
ituitary insufficiency was ruled out by normal
alues for ACTH, cortisol, thvroid hormone and
rowth hormone. The ADH was4to 3 poml 7, which
s ‘normal” but inappropnately high for the

xtracellular hvpoosmolality (41) and is essentially a
niversal finding in both paediatric and aduit
s }-’!erative patients . =13). The child received 21
er  r of hypotonic [V fluid in the presence of
le . .wed plasma ADH. Aithough neither initial
lasma sodium, urine output or total volume ot TV
uids are provided, given the child’s weight and
ite of infusion, the plasima sodium ot 117 mmol-
opears very likelv to have been the consequence of
tention of about 31 ot IV hypotonie Huid over bwo
avs (6). The expression inappropriate secretion of

DS (SIADH) was originatlv used for elevated

asma ADH related to lung cancer (42) and has

2come a catch all term tor virtuallv anv patient with
evated plasma ADH. [n particular, postoperative
itients as well as those with heart failure or hepatic

1998 Blackwell Science Ltd, Pacdiatric \nacsthesia. 8, 1—

cirrhosis have elevated plasma ADH levels but are
functionally hypovolaemic as well (41). Postoperative
subjects are functionally hypovolaemic, so that the
erm SLADH mayv not be appropriate in this patient
(11). There 1s also 2 perception that ADH, and by

association SIADH, can somehow lower the plasma

sodium. Althougn ADH leads to increased retention
of ingested or infused water, in the absence of
increased water intake, ADH by itselt will have no
erfect upon the plasma sodium. Thus, the most hikely
explanation for the hvponatraemia in this patient is
intusion of hvpotonic fluid (51 mM NaCl/280 mM
glucose) in the presence of the expected postoperative
increase in plasma ADH. Adrenal insufticiency is
ruled out by the normal plasma cortisol and the fact
that she remained normal for six months without
anv steroid replacement therapv. Esactly why the
plasma sodium rose rollowing IV hvdrocortisone is
uncertain, but mav have been related to the expected
decline of ADH values to normal atter tour to Hve

postoperative davs. Pituitary insufticiency 15 ruled
out by normal v alues for \CTH IGF1 and crrowth

hormone.
Symptomatic postoperative avponatraemia carries

a mortality of atleast 1370 (47), particularly in children

L

and respiratory arrest s frequent occurrence, out
once  this l.t‘il‘I’IF"IlLJl'u‘!l'l occurs. the morbldm-’ S
supstantial /6.7). There s no obvious rationale for e
administration of hvpotonic duid to a postaperativ e
catent, uniess the individual @ ovpernatraenic (=,
It the patient Decomes svmptomatic, therapy with
hvpertonic NaCl s indicated (39). The syndrome can
be prevented by administrazicn of primariiy setonic
Auids to postoperative patients.
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This chapter aims to cover e basics - of-lluid . Bodv water is conventionally divided mto g, -
halanee. Tt s Toosehy divided o tour sections, iree compartments; mtraceliolar. extr; acellulaf
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A muuhm on the ervstailowd:collotd dehate tor Although it is well recognized that disedse . 28
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4 further 3% in thc Arst 3 davs of life.” Adult g
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FLUID PHYSIOLOGY

- THE STARLING EQUATION :
The extracellular compartment is further sud-

. , - .
._'+11f'hl'l" l-ﬂj,rrr 3 i .o L

OTAL BODY WATER AND FLUID divided into the intersttiul and intravascular
BALANCE Cpaees. with the interstitial spuce being thre :
| and imlt“ dmes larger than the intravascuiar, e
Fluid Tux between the two was first described é
Ay Starling, who noted that the rate of tfuid f
Movement into or out ot U ..'Ll}"iil:.ll'\' was refated
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(D0, of muscle welght 18 water vis 10"y of tat).
Jiscuse state and age. Nmetv-four per.cent o

o Sweloht of o [ 2-week fetus s water and .
IL h{?d} “u:h[ ot 1_-1-., N k.L}l\) I = Lo the net h\dlna[._l[it. Pressure MUIus 'Ehr.‘ net
this {alls to SO"e by 32 weeks gestation and

. usmoltic pressure.” The Starling equation:”
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“S"a by term. There is a further reduction ol ' £
about 37y in the fAirst weesk ot ile. lollo:wd by 1 Joo= K (Po = P = dcl e — m): b
vradual tall to adult levels of 30-60"% by I3 e
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capiliary: A = capillary filtration ceoefficient:
P. = captllary hvdrostance pressure:; P, = tssue
fiwid hyvdrostatic pressure: . =  reflection
coetficient: <. = captllary colloid osmotic
pressure; =, = ussue colloid osmotic pressure.
has been further modified to corporate
coefficients which represent the permeabilty of
the capillary membrane to small solutes (A
and the reflection coethcient which describes the

“membrane’s ability to prevent laree molecules

such as plasma protems {rom crossig 1t the
Starling coefficient (sc).” If sc 1s 1. then a fluid
can realize s fuli osmotc pressure: if sc for
membrone 18 0 then rfhuds will pass freehy across
it and no  pressure will be exerted. Theo
cogifictenis vary between differsnt organs of
the bodv and uare altered by discase. Burns.
sepsis and cardiopulmonary by pass. m particu-
lar. reduce soo resutting m capilluries which are
incredsinghy Cleaky. This has two effects: 1t
allows water 1o leuk out causing ussue ocdema
and 1t aliows osmotcally acuve parucles 1o
escape o the mtersutial space. It s¢ then
mcreases again. these particles will remaimn m the
miersutial space. INCreasing 18 OsmMotic pressure
and altering the balance of the Starhing equation
untl thev can be removed by the Iymphauc
avstem.

Most of the components of the Starling
equatuon can be measured onlv with difficulty
in the laboratory but the intravascular osmotic
pressure and the capillary hvdrostatic pressure
can be meusured clinicull.™ Guvton ¢ !,
describe certain "oedema protection fuctors’.
such as increased Ivmphatic fiow. which prevent
the accumulation of ozdemua unul the capillary
hvdrostauc pressure has increased by more than
|3 mmHg.” This is supported clinically by the
observauon that in the absence of pulmonary
capillary damage. the left atrial pressure (equiv-

‘alent to hvdrostatic pressure) must be increased

to 15-20 mmHg before pulmonary oedema is
SEEN.

One of the main differences between the fluid
balance of adults and infants 1s the relatively
large water turnover in the infant. The water
contained within the extracellular space of a
70 kg man is about 14 1. Just under 3 1 dav™'is
Jost 1in urine. faeces. sweat and during respir-
ation (20%). In a 7 kg infant. the extraceilular
space contains about 1.6 | and obligatory losses
are around 0.7 1 day™' (44%).© Any relatively

RF - ALTNAGELVIN

smalismcrease in losses will therefore have g
much greater effect on a small child and this
explains why diarrhoea remuins such an im-
portant cause ol infant mortahty world-wide.

MAINTENANCE

CRYSTALLOID -
REQUIREMENTS

AAINTENANCE WATER REQUIREMENTS

Although there are numerous formulac 1or
caicuinting maintenance twd reguirements. it
15 imnortant e siress that these e all
autdeimes onn, They may be used as a starung
point but the mdinvadaal child’s response 1o the
Auid given must be montiored and appropriate
adiustments made 1o the regimen.

The formutae availuble for calculaumg fwd
cquirement have as their basis body surfuce
area (BSA L calorie requirement and the weight
of the child.

Body surface area

\arious nomograms aire published which calcu-
late BSA from height and weight. In older
children the calculation of BSA 1= relatively casy
and accuratle because 11 s possible to obtam an
accurate height. Mcasurements of the length of
4 neonate or small infant are not as reliable and
errors of up to 20"« in BSA are well recogmzed
in babies less than 3 ke.” Because the height

length medsurement 1s 1naccurate. most centres
now use a formula based on weight alone to
calculate fluid requirement and the use of BSA

- 1)
has fallen from favour.

Calorie requirements

The metabolism of 1 calorie requires | ml of
water because. although 0.2 ml of water 1s
produced. a further 1.2 ml is consumed. There-
fore. 100 calories will require 100 ml of water
‘or metabolism and knowing the calorie require-
ment of a child will also reveal the water
requirement.'’ In 1911 Howland calculated the

: . ST ST SN, SN I Y S
calorie requirement of an »~*
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to be 100 cal kg™'. with older childreén needing
75 and adults 35 cal kg™'. The extra-calories
metabolized bv the vounger children”he attrib-
uted to proportonully larger surtace area and
arowth.'” In intants of less than 10 kg body
welght. 30 cul ke will be needed for basal
metabolic requirements and the rest tor growth.
Children of less than 20 kg body weight need
1000 calories tor the narst 1) kg but onily

b 3

- I - .
S0 cal ke ™ tor the next 10 Kg because 0f

slower vrowth rute. and larger children and
adults need onlv three times the calories of a
neonuate (1300 calories for the first 20 kg and
20 cal kg ™ therealter).''

Normal maintenance fluid
requirements calculated by weight

Whatever mechanism is used to caleulate fuid

reguirements. it must be simple and toolproot

hecause  smadl miscalewiauons can result m

sienificant errors in Auids administered. It has

already been said  that 10U calories. requares
100 ml of water. N 23 kg child. theretore.
requires 100 ml Ky U ofor the  first < [0 ke
(1000 b, 20 mit ket for the neat 10Ky
00 mb and 20 mil ke 0 thereatter (100 miw,
making a total ol Te0u mi perduy or 60 ml h "
This cun be simpittied by assuminyg thao there
are 23 h na dav. The chiid then needs

dml ke "0 0 for the frst B0 kg (=0 ml
dmib ke " horor the next 10 kg 20 mb und
| ml ke ' h o thereatier (3 mb. giving an

L

hourlv total of o3 mlb which can be computed
11 the hedside without a caleulator. |
Neomtes have greater flud  reguirements
ian infants. As o general rule. most agonatal
anits allow 60 ml kg™ for the first day.
increasing by 30 ml ke dav o 130 ml kg™
. for a term neonate and 80 ml ' kg™ dav tor
-~ a preterm. This requirement will be Afected by

Table 8.1  Normal mainterfance tlud requirements

Weight {kg) Maintenance fluid
requirement

(cumulative values;
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environment (overhead heaters increase water
loss compared with incubators), by whether the
babv 1s ventilated (when there will be
humidifier in the circuit) and by the general
statz of the neonate. A premature baby with a
patent ductus arteriosus may close the duct in
response 10 fuid restriction and this may avord
he nead for more agaressive manaygement.

Dextrose requirements

n the UK. intravenous dextrose mfusions are
usually supplied as 4%. 3%. 10% and 20%
strengths. In addition. 30% dextrose is available
for  munagement  of  hypeglveaenua, Most
infants and children require 4”4 or 3%% dextrose.
A recent studv from Germuany. however.
suggests that when these infusions are given
peroperativelyv. children may become hvpergly-
caemic with dextrose concentrations as low as
230, although these were admunistered at arge
volumes  equivilent o 200 mi ka ™! dav™h
Neonites have poor alvepgen stores and reg 1S
higher glucose fusions (o maintun thetr bivod

slucose levels. The majority ot neonates. there--,
tore. are traditionaily managed using intusions

of 10% dextrose which can be given through .
seripheral cannula. Sick neonates on the neen-
Gue eare unit. perticdiariy o the presencs of
sepsis. may require higher intusions than this,
Such nuatients may also need duid restreien
and it is not uncommeon lor small septic babies
o nead Q0% intusions of dextrose. A neonute
who cannot be {ed enterally tor more than 4
couple of davs will require parenteral hyper-
qlimentation rather thun simple dextrose saline
solutions. Hyperalveaemia can develop mn re-
sponse  to  stress. Both hypoglveaemia  and
hvperelveaemin can oceur and  blood sugur
levels should be regularly monttored.

Electrolyte requirements

Electrolvie reuuirements vary with Preamutury.
losses and disease states. There is some dedate
15 10 whether 2 neonate necds sodium on the
arst day of dile. Some units use d JeNirosg
wlution  without added  electroivies. winlst
others add sodium. potassium and calciun,
particularly for premature intants. Preterm

breast milk contains higher concentrations of
sodium. calcium and phosphorus for the first 2—
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= weeks of lactauon. and meets the preterm
Infunt’s ncreased requiremenis fur these el-
ements. Preterm formulue with similar electro-
IVie composition are alse availuble. A< g cuide
for. prescribing. most  children require -
Smmol kg™ of sodium and > mmol ke™ ' of
potassium. This means that a 10 ke infant who
needs 1000 mi of fluid per dav will also need
around 30 mmol of sodium. In the UK. fiuids
are uvailabie us dextrose (4"¢ or 10".) and

GG saline (e, containing 30 mmo] "', For

most patients. a ready-made bag of fluid wil]
provide their electrohvte needs. In sone
mstances. additional sodium will be equtred.
This can be added 1o 2 stundard bug using
sirang sodium (30%: 3000 mmoi 7 solution,
ar Normal salme (0.9% 130 mmol 1 ') or halr
Normal sabme (0.43%: 73 mmaol 17 can be
Lsed 1m 1ts place.

The amount of sodivm  adminisicred 10
DCONGISs  r Lie ilﬂl]‘ll&kilillc‘ ]'\OSIUPCI‘LHi\C
period needs (0 be monitored. Krummel ¢r /.
studied 20 surgical newborns and found that
hypernatraemia occurred in 64%. of term bahies
and 67% of preterms. In all cases this appearad
[0 be due predomimantly to an adminisiered
sodium  load of more than 400% of the
esumated malntenance requirements. This wis
compounded by a slightly reduced abilitv 10

excrete sodium and a shor penod of post-

C‘*Dti‘l.hlll\f.‘ sodIum retention. =

-

SPECIAL REQUIREMENTS

Gastrointestinal losses

Gustrointestinal surgery is relatively common in
small infunmis. Hzus mav alse occur in o sick
cnild: therefore. gastrointestinal losses are of
umportance. Nasogastric aspirates should be
repluced volume for volume with pormaul
saiine contaming 10 mmol potassium chloride
per 300 ml. This sodium Joad allows the
patient’s kidnevs to correct the hvdrogen deficit
incurred by the loss of gastric secretions. Stoma
losses mayv also need to be replaced. High
stomas in particular mav be associated with
significant sodium losses Ieadmﬂ to 4S much a 6-
fold increase in sodium requirements. Losses of
more than 40 ml] kg~ lcl‘::'n. " are likelv 1o
require parentzral replacement using the same
solution of normal saline with 10 mmol polass-

RF - ALTNAGELVIN

ium per 500 ml Useally, 0.3 ml is replaced for
every I mi losi but. depending on the volume of
losses and the site of the stoma. anvthing from
one-thira to three-quarter replacement mav be
required. Chiidren who have ileus. either from
custromiestnal surgery and pathology or sec-
ondary 10 another cause. cun . secrete large
amounts of fluid within the gut and peritoneu]
cavity. Babies with abhdominud distension due (o
Hirschsprung's disease (colonic aganglionosis)
may be ntravasculariy 'depleted in the presence
of steady welght or even weieht eain and such
patients may need intravascular volume- ICPILI-
comant des "lIlL normdl mdiees: .

Pyloric stenosis

Hypertrophic p\lum SICNOSIN I L common
5
206,

1

CONCNON Wilhh 45 mnodenes of apout |
A babizs wath this condivlon vomit and will

require preoperatve’nirm enous fiuids. About
0% of patients wili have ¢ significant derange-
ment of ther electrolyvies and acid: base status
ds o result of vomiing., The most uselul
ciectrolyte to gauge the seriousness of the
metabolic upset is chioride. which can be used
(o caleulaie the chiorde deficit and this must
often be specifically requested as it is no longer
performed routinely in most hospitals. While
the serum thorzd... remains low, the mfant will
be alkalotic.'” The vomiung of HCI together
with the Kidney's attempts to conserve sodium.
results 1 a metabolic alkalosis and a depletion
of total body potassium. Because potassium is
an muracellular fon. the serum potassium s 4
poor guide 10 potassium requirements and will
usually be within the normal ranee.

To correct the metabolic alkalosis. the infant
must be given sufficient sodium and potassium
so that the Kidnevs can conserve hvdrogen ions
and correct the acid: buse status. Chloride is

“also given as the anion to both sodium and

potassium. Most bubies with miid derangement
(sodium bicarbonate < 35 mmol; will be
corrected within 24 h using a solution of 3%
dextrose plus 0.43% saline with 15 mmol of
potassium chloride per 300 ml bag at 130-
180 m] kg™ dav™'. In extreme cases. normal
saline  (or 4.5% albumin which contains
l‘mO mmol NaCl 17" mayv be required and 2-

P davs of parenteral fluids mav be needed

preoperatively. It is also important to remember

022-043b-117
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that anv gastric distension results In more
gastric juices being secreted and lost. A wide-
bore nusogastric tube should be left on free
drainage with regular aspiratons and anv
nasogastric losses should be replaced mullilitre
for millilitre with normal saline with added
potassium (10 mmol m 200 1),

Posterior urethral valves

Posterior urethral valves cuuse 1 congenitil
obstruction ot the muale posterior urethra and
affected nfants may also have u degree ot renal
dvsplasia. Nowadayvs, the condition 1s mncreas-
ingly diagnosed antenatally and most other
children present withim the first month ot [ife.
The initial management of a neonute with valves
1s to catheterize the patient and then confirm the
dizgnosis by cystogram  and or  CVSTOsCopy.
Surgerv consists of valve abluton via the
cvstoscope. A significant  number ol - these
fﬁmﬂ'}%drcn will have renal impairment whieh may
ke Tong-term. und almost all have a diuréﬁ'% 1
mse to catheterization and reliet ot the
obstruction.  LUrine oulpul  must bc.-.‘;.-lose]}f
monitored in these patients and  their Huid
intake will be based on thetr creatinime  ang
their output. Most of these bubies dre wel
enough to receive oral feeds but will also require
purenterdl supplementary uids To e U with
urinary losses. This diarcue phase can iast iorv
between 24 h and a couple of weeks. again
emphuasizing that strict Crierin cannot he a1
down for neonatal Quid miusions, |

Congenital diaphragmatic hernia

The Huid handling of a nconute with congenital
diaphragmatic hernin merits special mention.
There appears to be only a narrow puath between
h\-‘pm'ol;mniu and Huwid overload. erther of
v ph muay have catastrophic ettects resulting
ina worsening spiral of acidosis and hypoxiu.

I ¢f ol studied the urne output and

osmolarity of both urine und serum n 2

infants with diaphragmate hernia vs L2 control
Infunts undergoing lapuarotomy tor some other
reason. They found that although all controls
responded appropriatelyv. 64"q of the draphrag-
matic hernia group mappropriaiely  retuned
Huid in the arst 16 h atter surgery and one-

Tpn

third sull had an tnappropriate urine output

24 h after surgerv.'® Fluid management of these
children involves strict crvstalloid restricuons
(30 mi ke™' dav™! for the first 24 h) and colloid
boluses to maintain normovolaemia. Close
monitoring ot urine output and serum and
urine osmolarity will help in the management.

Phototherapy

Neonatal “physiological” jaundice is relatively
common and 1s worsened bv dehvdration. Some
neonates with a rising unconjugated hyperbili-
rubinaemia can be managed simply by liberal-
izing their fuids. This may need to be via a
nasowastric tube or parenterally as the jaundice
tends to make the babyv sleepyv and theretore less

1ble to feed. which compounds the problem. [t
phototherapy 1s 1'cquired environmental water
loss s incrensed stanticanty and an exira 23
ml kg™ dav™ should he added to the fluids to
compensate. '

Effects of surgery

[n 1968 Reid showed naduit patients that fuwd
accumulation occurred in the early postoperi-
dve phase and that this occurred entrely within
e extravascular space. There was no change in
e intravascalar veolume even waen l..tf'“'e Auid

Derehsor wWers  sesn ouIrnvascufariv. o seewen
vears carlier. Shires ¢ . had studied thud
<Qifts peroperatively and noted an acute con-
raction of the functional extracellular Hwd
winch, i the ubsence of biood loss. they
prosumed to be due o mternal redistribution.

hev noted that the magcnitude of the internal
redistribution was related to the degree of
surgical trauma and particularly to the duration
and degree of retraction. Thc.} concluded that
this wuas a major stumulus o the fluid and
sodium retennon seen ;-:u:'.toper:_lrtive!}‘.“”" Cer-
winlv. after major abdominal surgery there 1s 4
il in the serum sodium and evidence of fwd

retention  with  pertorbital and  dependent

oedemat. which can be reduced by restricting
Auids for the first 24-48 h following surgery.
Following minor procedures patients  are
Aloved their tull mamtenance Huids. but alter
Ay major surgery therr intake is reduced to
0%, of requirements for the frst postoperative
dav. and if additional dumd is required it may be
better 1o be given as cotloid.

—— Maintenance crystalloid requirements 237
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Sepsis

Hyponatraemia in sepsis is well recognized und
15 assoclated wWith a worse progncsis. Hannon
and Boston looked at fluid und jon redistribu-
lon in an animal model of sepsts and found
significant shifts of sodium. chloride and water
nto celis compared with sham controls. ' They
found this trend to be exacerbated by infusing
~%a dextrose compured with normal saline with

fluid shifts occurring when the volume miused
was less than the estimated fAuid requirement,
They suggested that the hyvponatraemia  and
plasma hypo-osmolalitv were  cuused by 4
combmation of intracellular shift of sodim:
and water. and o dilution of (he extraceluiar
spice. probadly caused by physiological anti-
aruretic hormone (ADH) secretion. Their COn-
clusion was that. 0 the presence of sepsis. 44,
extrose = O.I8%0 sodium chloride s -
pronmiate. poienyaliy Gungrous and should be
dvorded.

burns (see also Chapter 15)

Significant burns cause lurge fluid losses und
burns patients require lurge volumes of fluid
resuscrtation. In addition (0 normul muinien.
unce fluids. such patients need resusciation
fluid administered as Normal saline. Ringer's
solunon or Gelofusine™ given over at least the
first 36 h_after injury. The 36 h are divided into
SIX periods: three of 4 h. two of 6 h and one of
12°h. The uming sturts from the moment of
mpury so that the first infusion 1S mevitably
deluyed. During each rpf::'ia‘:d the child n2eds an
average of 0.5 ml Ke™' per %, burn. The precise
volume given is adjusted on the basis of urine
output. urine and plasma osmolality, perfusion
and the caiculated plusma deficit. This can be
calculated from the formuly-:

plasma deficit = blood volume

~ (blood volume

normal haematocrit
> - :
observed haematocrir

Deep burns result in red cell destruction and the
usual blood requirement is of 19, of normal
blood volume per 1% burn for dezp burns of
more than 10% surface area. Because the

RF - ALTNAGELVIN

haematocerit 18 a4 usefuy] guide 10 the plisma
deficit. blood ix usualiv best administered durino

~ . ‘ _ - . i _{
the last 12k of Auid resusciiaton.

Clinical assessment of dehydration

Although  thirst appears with the  Jose of
approxmmateiyv. 24, of (o] body water. ‘the
state of the peripheral circulation is the most
sensitive guide 1o more serious Jevels of clinicy]
dehvdration in children. Core-peripherul tem-
perature difference becomes clinicully detectable
4nd mucous membranes dry at around 3%, o
of total body waier, With 1o, dehydraton the . !
peripheries are coid and capillary refill. nor-
maliy complete within 2 s, s delived. Pulse and
FENPITULOTY TULRS INCTEUSE. CONSCIOUNIeNS iy be

clouded. and in the neonate the fontanelic s
sunken. Blood  pressure mav fall, afthouah
Decetse of the inercased curdiug OUIPUL Catlsed
by the taehycurdic this s not an eur v Or renable
sign. Urine oudput iy decreased, Ar |59
dehvdration capiiiary refil] mMay be mcomplete
cven after 10 s, the mouth is parched and the
eves are sunken. The pulse is rapid and thready
dnd bicod pressure low. The child is stuporose
and ohguric. and muav show s1ens of resprratory
distrass. Losses in excess of 20", muay be fital

{1

COLLOIDS

THE CRYSTALLOID VERSUS COLLOID
DEBATE

The superiority of colloid over crystalloid_for
volume replacement remuains controversial.~'=-
Whilst crystalloids are generally more popular
in the USA. colloids are preferred in Europe.”
The debate centres on which fluid spuace needs
replenishing and the importance or otherwise of
colloid osmotic pressure.

Colloids  theoreticallv' remuain  within  the
intravascular space. therefore expanding the
mtravascular volume more efficientiv. produ-
cing the same increase in curdiac output for a
smaller volume of fluid. The proponénts of
crystalloid argue that the whole extracellulur
uid spuce is reduced in hvpovolaemia because
of fluid movement from the interstitial compart-
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undergone a circulaung volume transfusion of

red cells. In babies and nfants. a transtusion
of 310 ml ke™' is usually sufficient. whilst

unit  transfusions are appropridte in older

patients.

FRESH-FROZEN PLASMA AND
CRYOPRECIPITATE

FFP contains | unit of fuctor acuvity per
millilitre of plasma. A decision o use FFP or
crvoprecipitate should be based on a combi-
nation of clinical and laboratory Andings. An
[NT ot less than 1.4 or a parual thromboplasun
ume of less than 60 s s unlikely to cause
significant bleeding problems and correction 1s
not required. Laboratory values greater than
these fevels or significant bleeding will require
correction. An empiric dose of 3-10 ml kg™ ' is
ﬂ—auzsu..ll[x adequate or the dose can be cale dlated
vobody werghto plusma voiume and desired
crement of clotting tactors. |
Crvoprecipitate is i poor source ot tactors [
V. IX. X.o XTI and XD but contums factors
VIHI : C. VHIVWEL. XITL hbrinogen and fbro-
nectin. Indications for its use include haemo-
philia AL von Willebrand  disease. fibrinoger
Jefoiency, muassive  transiustion aind  uraonue
platele! d\ stunciion. s advantage over FFP s
that 15 concentrated and  one l'hl” (O
20 mbD s the dose per [ Kg body weight,

| 3

SPECIAL SITUATIONS
Jehovah’s witnesses

The Roval College of Surgeons of Englund have
produced a code ot pracuce tor the surgwcl
management ol  Jehovalt's Witnesses.  This
%knouled”eb that the children of Jehovai's
Atnesses requiring blood tr ma.uamn present

st difficult management probiem.™ There are
sume mitigating fuctors. however. Eithu:r parent
may sign a4 consent form permitting a transtu-
ston. Most operations  on children do  not
require or involve blood transiusion. but 1o 1
unethical to let a child die tor want of a4 hiood
transfusion. The surgeon and anaesthetst must.
however. respect the beliefs of the tu nily and
should make every effort to avoid the perio-
Peritive use of blood or blood products. For

children under [3 years of age who require or
may require a transtusion but whose parents
refuse to give consent, legal advice should be
sought. Such children will normally be made a
temporary ward of court. This subject s
covered more tullv in Chapter 2.

Sickle cell disease

Tradionally. patients with sickle cell diseuse
have been routinelv transtused betore elective
surverv. There has. however. been little con-
sensus as to whether simple correction of the
anaemia is sutficient or whether the lex-e‘ of HbS
should be reduced to less than 30%%. Vichinsky
¢f wf. compared a conservative regimen (trans-
lusing to a haemoglobin level of around
i 1 Y d1I™" with an dgaressive regimen (haema-
obin of around 10 ; i7" and an HBS devel of
ss than 30"s). Thev found the conservative
recimen to be us effective in preveni{ing perio-
nerative complicatons and this group.had half
s many transtusion-associated complicutions.™
Similariv, immediately preoperative transiusion
10 a0 haematoerit of more than 6% was as
cfAcacions as two-volume exchang2s peumning
2oweeks prior (o surgery. with fess disrupuoen
(o the fumilv.™ Patients with HbSS discuse
should  recerve  transtusions to correct  ther
anenna. They should be  gnen  adequate
serioperdaine hvdraton with ervstatlond. Post-
operativelyv,  theyv  should receive adequale
analeesia in additon to oxvgen and physiother-
apy (o prevent atelectasis. For more intor-
mation. see Chapter .

F

CONCLUSION

Flutd management i paedialrics 1s an art us
well as a sctenea: chhmicians nead to monttor the
response to therapy and chuange the regimen
appropriatelyv. This chapter contains guidehines
and sugeestions tor sate Huid administration but
cannot replace clinical experience.

:“rll. l:'"-'r‘"-l-! &
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