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234 Fluid balance: af ASPECts ——— — . —————
capillaryv: A, = capillamy filtration coefficient: sSmallinerease in losses will therefore have 4
2. = capillary hvdrosigge pressure: P = (issue MUCh greater effect on a small child ane this

fluid  hyvdrostatic pressurel Ao = reflectjon explams why diarrhoe: remins such an im-
coefficient: =, = captllary colloid  osmotic portant cause of infun martahity world-wide.
pressurer = = tissue colloid OSMOUC pressure,

has  been  further modified [0 Icorpoiate

coelficients which fepresent the permeuabiliv of — —_—
the-capillary: membrype o smull solutes (A f
and the reflectjon coethicient which deserihes the A4A//VTE/\ANCE

“membrane’s ability to preveny lurge molecules CRYSTALLO/D -
such as plasma proteins rom crossing it (he

Sl&li‘liﬂj.;; coefficient (sc).” |f s¢ 18 1. then g Huid REQU/REA‘//ENTS |
can realize ity full osmotic pressurert! se for . T E— A
membrane is 0 then Auids Wil puss freely geross

It and no  pressure Wil be  exerted. The MAINTEN ANCE VWIATER REQL;”!REE\IE’\’TS
Eli‘}:“;z;i?hm:c}uili'::li;:;:;d {“_iijc':_]‘”li?:gg}t;n"j Al'lhgugh 1!1&1‘:: are immn:j'g:ur« Il'ximmluc l“qr
sepsis and curdiopulmoniry B\']ﬁatsﬁ. In purticu- F,;”;';mm“?g m”“lw”f”}w. uid rmm*rumicl:tis.' x

: | , .o, . : IS amporiant e stress hat thase e all

i}j:jf;.;',ff?fj}“:;,‘fﬁ“jj‘;’{“”{5, e e i are oniy. They may be used as o starting
alﬁ:m:;xl'jt;:r I(;L{l{:‘::l}\; OLI[]Z‘.LIL:::;;QIII';SLI:‘ L:té:111]: pufr;: w the If‘ldmdu-nl cid mspons? m.-m?
and 1t allows osmoticylhy ACtive partcles (o H"'.“*‘ e must be meattored and appropriat
| . . L adjustments made 1o Lhe restmen.

Shcdape mto *the mlersun';.x “pace. I S then The lormulae availuble for caleulating Auid
-'xnr:re;;%sgs.a_g_rzurl_.. these particles will femuin i the Lquirement huve as their basis body surfuce.
ml-ersul;;ﬂ spce., INCreusing s Osmotic pressure L (BSA L culorie requirement und (he weight
and altering the balunce of the Starling Squitlion of the child

unul thev cun be rZmoved by the Nmiphatie
: svstem. . | . - __ |
( Most of the components of (he Swrling  50dy surface area

fquaton can be ieasured only with difficulty \Arious nemograms ure published which caleu-
in the laboratory buy the miravascular osmotic lite BSA from hejah, and weight, In older
pressure and the capillary hydrostatic pressure childrer the ecaleulation of BSA i relinively ey
Can b‘-‘-‘ measured clinjcally, ™ GP}’I‘J” ¢l ”jf* and decurite becuuse i s possible to obtain an
deSCﬁbe‘ Certain ‘o'edemg PI'OIEC“O}“ Tactors™. accurate height. Measuremenis of the length of
such as increased ymphatic flow. which prevent 4 neonate or small infun dre not as rehable and

the accumulation of oedema until the capitlury errors of up 10 20, in BSA are well recoonized
hvdrostatic pressure hys ncreased by more than ' | <

- M.
- i *
. A
. .

LT .

UtV

\ . Pressu 1t . m babies Jess thap 3 ke.” Because the height
L3 mmH'g. This i~ supported clinically by the length measuremeny i Indccurale. most centres
ooservation that in the absence of pulmonary oW use a formuly bused on wertght alone (o

Capillary damage. the left atrial PIESSUre (equiv- calculate fiujd requirement and the use of BSA

alent to hvdrostatic pressure) must be increased has fallen from faveyy '
o 15-20 mmHge before pulmonary oedema is
seen. | | _ N

One of the main differences between the Huid Calorie Fequirements

balance of adults and mfants is the relatively T'he metabolism or I calorie requires | ml of
large water turnover i the infant. The warer . water because. althoueh 0.2 ml of water is
contained within the CXtracellular space of a produced. a further 1.2 m] 1s consumed. There-
70 kg man is aboyt 14 L Just under 3 dav™' s fore. 100 calories will fequire 100 ml of water
lost in uripe, faeces, sweqt and during respir- for metabolisim and knowing the calorie require-
ation (20%). In 4 / kg Infant. the extracellular ment of a child wil alss reveal the water
Space contains about 1.6 | 4nd obligatory losses requirement.!' In 197 Howland caleulated the

ﬁ

;HI . - -— ; . * * : -
are around 0.7 1 day™! (449, Any relatively - calorie requirement of an nfant from 3-10 Lo

69A- % 3-252
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© 75 and aduolts 357eal ket Thﬁhliiltf?{j}i ﬁdmgfn vironment (overtiead: héiters incredse Witer 0T "iﬂ?;;; :
hibed :.. JIRE X triCalories o fgse e 5 -.-‘.a:re dW[I b o h i P I e

metiabo 1 O D U a1 iy T e e p e WALL e dtors), by Whﬁ{hfj[: the .- T IR
e mllzed bV the Jouneer children fie aneib-"Ububy s vendlited {when there will be n  Loka

| proporuonally. larger surface grea -and ~humidifier -in the oireuin o T s
o ~ . (e cucuit)and by the-general - e - - SR

L C .
erowth. = [n . infants. s than 10 K& body ‘
= Hants of less than 10 kg bodv  stite of the neonate. A premature baby with a -

wetght, 30 cal ko' w N I inpe dmayens - -
metabolic e Lli;;mem -Il-11 136 ]nu.fdhea lor basul  patent ductus arteriosus mav close the duct in b
Children of less than h—{;kr[;&“[ or ]g.lowihci response to duid restriction and this mav avoid ?ﬁ
. ' v G- = JUAY WSlURD nee the need for . . - Ry SanmE

. e g . : = - P RTOTS QUuarassty AESRIRL Y R TR

000 calories tor the frst 10 ke bur only | T SSTERIYE mandgement. e

»
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- 20cal kg™ for the nest 10 ke becuuse of
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stower: growth rate. and b ger children and Dextrose reqguirements e

adults need onlv three times N :
.. s the cualories : . Tty
neomniate (1200 calories for 5 N s of [n the UK miravenous dex e miusions MetgLat’

' S llbLl:.i“}; Supphtfd as 4. A0, 0% and 200y .:“:!"-'E-i

-}[) l,:‘[] k”_.j h{:& « ey bToage
-t Gl RE O Thereatter). _
| ‘ strengths, In additioh. 30% dextrose is available .
- . or - munagement  of  hy eyt SabeSie
. ‘ ~ o Sl geniel wvpoglveaemia,  Vost P
Normal maintenance fluid | infants and children require 4% or 3% dextrose i;“‘;ﬂ-
o gRaiatt

requirements calculated by Wefghz‘ -~ recent study  from Germany.  however, RSl
| suggests that when- these infusions ure viven ?,,f
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Keg ' | theraalter (3 mil. Siving  an Lo ne2d 20%, intusions of dextrose. A neonadte Rsral
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E \( 1”111-[??\.’61' mec!mnism 1S us‘ed to caleulate duid peroperdtively. children mav become hvperalv. ) SRS
( ;ih.}” fiﬂc‘m:s. itm m[ bt: si‘mplic and f"{_':iqlpmgl‘ % Ef{!]hic: with dextrose concentrations as low 15 f_*;
cCitive smal] miscileulutions  can result in --2% although these were administered 11 lypoe s
mign Scum ervors - fuids administered: Tt has volumes equivalent 1o 200 ml ke~ d‘,}vtl:i; ﬁr:
direndy 33 : . + = Gy PRosy ok Ty
T(}l(l)-:uf 35{*3.;1?;1:'1 j[[,m-sq ]]\(39 i:’]zl],ﬁmﬁ” "3‘-1 1}11"@5 . l? i‘;":i“ﬁﬁ liil}‘i" puoor :-_I.'}"cugcn Stores ﬁd' require - ij:“f

_ o R .olaerelore. l;.m.l SIUCOSS NfUstons 1o muintain thetr blood Sep A
IT{',“:““‘“‘ “}_”j ml kg i I for  the  hreste [0 Ko glucose levels. The majority of neonudtes. there- + a’:’f;.ﬁ"‘
:5:;:)}'1}%“: 3‘1” ﬁml kg_ for 'llw‘ next 10 kg fore ure tradinonally managed using infusions iﬁ
o Hhand 20 ”}I Ky ' thereafter (L iy, DU 0% dextrose which cun be given throush 1 | o
m:;‘k‘mg Lotal ol Te00 mf per duvor oo ml 1, peripheral cannula. Sick neondtes on the inten- e
Tfiih :‘im h}-:' simpiited by assuming that there SV OUTre uniL purticatariv o e nresencs of g:%

:;1 ;” 1‘: h: 1}11 e [_ :.l[‘u}{.l :l'hg“a:hiif.lj _le:l*f, needs ic:hji::. Yy require higher infusions thun this. f;r"

2 ml ki I k .mh[* ft S ‘{_'T” mb. fUL bopatents may also need Auid restriction -

= o tordhe aexe 10 ke 20 mby and Ad 0IS a0t uncommon for small septic babies f"‘;f_%
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! ) AN ’ Ay . ' . . . .
1“ “lil}lmthl.l O 6> ml w hich can be COMPUted who cannot be fed enterally for more than g ZEouals
k[i;}t 7".Li?‘1dc Without calceulator. couple of dayvs will regquire parenteral hvper- | {’
Neanates  have  greater Auid  reduipe: - alimentaton rather than s a e s el I
5 RUTESI ST vn rather thuan sunple dextrose saline Mty o
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4 weeks of lactation.
nfuni’s Increased re
CmeEnts. Prewrm fom
Ivte compositjon are

and meets

quirements for these
Tulue wi]

also availuble, Ag
for Prescribing,  moxy children require
Smmol ke™! or sodium apd > mmol ke~
Potassium. This means that a 10 ke infy

needs 1000 m) of fuid per
around 30 mmol of sodium.
e availubie s dextrose (+"w or

e, contaming 30 mmao
MOost pauents, ready-nuide

-'mh_\""..

Lthe preterm

1 SUmilar electro-
4 guide

N who
day will alse need
In the UK. fuids
%) and
=Y. For
bug of fuid wi)l

U per 00 m|. Uisually, 0.3 mf g repliced (or
every o milosi but depending on the volume of
losses und (e site ol the stoma anvthing from
One-third 1o Lree-quirier replucement may be
2= required. Children who hyve Heus. either from
of SUStrointesting| ~Hreery and patholosy or see.
ONAAry 10 another CUUSE. Can secrare laree
IMounts of luid within (he it and peritoney]
CUNTIY. Bubiey wWith ahdoming] distension due (o
Hirschsprung's diseise (colonic daanghonosis)
May be fmr:.n‘:.::;culuri}"da:plc-:md in the

e|-

presence

Of steady Werght or even werght gain and sueh
provide  theijr electrolvie needs. In some PABENIS Mmay peec travaseulur v olume repli-
Instances. additiona] sodium wil] he required, CEIMENt despite normy] mdices:
This can be added 10 4 Sindard bug Usiny g
Mrang sodium (300, U000 mmai SOfUtion
0T Normual saline O9%: 130 mmor 1 '} or Rl P)"’/OHC Stenosrs
Normal suline (0.439,. 73 Mol 17 can be . . . |
wsed in its place. | H}']Wtfl'll't‘l}'il'tlrtf‘ m‘lm"w‘:;:mmsa:: Iy U0 common

The amount or sodium ddminisiored (o oy with i ing,

ﬁfﬂﬂ-.: :.\:}‘

N the immedy
Period needs 1o hbe monnored.
Stud] SUFZICal newborp.
dEMIA occurred ip 64
and, A7, of preterms. In A cuses (;
DE e pl‘ﬁ‘dm‘i“lfmll‘lll}‘
um  load of maore
estmated Mamianance
“ompounded by gy

C

L un adminisiered
thun  400¢, o the
FEquIrements. This Wity
1ghtlv reduced abiliny 1o

(_.. “xerete sodium and g Short period of pos;.
| operative sddium retentjon. '

SPECIAL REQU!RE;\-’IE.-*\?TS
Gastroinfestz’na/ losses

Gastrointesting] surgery s relatively common n
small infants, Jloys AN also oceur i 4 sick

cnild: therefore. gastromtestinal Jogses are of
IMPOortynce, Nasogastric

£ aspicates should pe
replaced  volume for  volume With  normu]
Siline Containing

_ 10 mmo] pPotassium chloride
per 500 ml. Thjs sodium  Joad allows  the

patent’s Kidnevs g correct the hyvdrogen deficir
neurred by the Joss of £astric secretjons. Stoma

losses may also need to he replaced. High
>1OMas in partjcylay may be associated with

Significant sodium Josses leading to as m uch 4 6-
fold increase i sodiu |

rements. Losses of
More  than 40 kg™ dav™' gre hkely to
fequire parenters] replacement USIg the same

solution of norma] saline with 10 Mmol potass-

POSTOPCTG T o
Nrummel o ¢,
and found thoy
o OF term bahje
US Appedred

2 davs of parentery]
Preoperatively. It i¢

S ol about | don
Al buabies wyrk Lhis conditon VO anpd will’
e e Preoperauve ingray enous fiuids, Aboyl
Mo of putients wil; hive & sienificant derunge-
ment or thejr elcurol}'h—?yu nd acid: base stutus

A8 rosult of vomiting, The mos el
ciectrolvie 1(a SHUEC the seriousness of the
Metabolic upset s chloride,

which can be used

b deficit and this MU

cticuliie the chiorde
often he specifically requested e ILis no longer

performed routinely in moxt hospitals. While
the serum chloride remuins o the Infant wil]
be alkalotie, I8

The vomiting of HCJ. logether
with the Kidney's HEMpts 10 conserve sodjum.
results ina mer: oolic alkalosis gnd & depletion
of total bod potassium. Becygyse POLASSIUMmM iy
4N imram::”ul:.wion. Lthe serum POLASsIUmM is g

POOr guide 1a POWSSIUM requiremen tg and wil]
Usually be within the normal range.

To correct (he metabolic alkalosis. the infuny
MUst be given sufficien, sodium and potassiun,
SO that the Ridnevs can “onserve hvdrogen jons
4nd correct the yejd- buse status. Chloride 15
4lso oiven g« the anion 1o both sodium and
POtdssium, Moy bubies with mild derancement
(sodium bicarbonaie < 33 mmol) wil]
orrected within 24 K using a

b

(o1 4. Ny

150 mmol NaC ey AN 02 required and -

flulds mav e needed
also importang 1o remember

2
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Sepsis

Hyponatraemia jp Sepsis is well recoenized
N dssociated with .
ind Boston looked 4 fluid and ion redispi

Lon in an anjmy] madel of sepsis ynd fou
significant shifis of sodium, ¢

Lo calls compured with sham controls. ' Th

L=

< U

v d2Xtrose Compared with normal saline wi
fiuid shits occurring when the vo
Was Jess thun (he SSUMitted
They sugoesied thit the hyponatraemj;
plusma h}-’pommnolulfty Were ciuused by

combination of mtracellular shify o sodiuy
and wuter. ynd & Aillution of (e
SDACS. probably cyiised )
aiuretic hormaone {ADH) se

Warse prognosis. Hunnon
b~

hloride and Waler

found this trepd [0 be exacerbated by infusing

lume infused
Auid requirémen
and

CxXtraceliuigr
pPhysiolosicul "an-
cretion. Thetr CON-

haematoeriy is o useful guide 10

deficit, blood i« Usuadiy best acdminis
oy . . . . :{1

the fast 12 1 of flyja resusciaton,

the plismy

erad during
nd

nd

thirst appears  with the loss  af
dpproxmidiely 24, ¢ Wtal body wuater, “the
St of the periphery] circulation iy (he Most
Lh Sensitive guide 10 more sertous levels of clinjey]
dehvdration in children. Core—peripher] e~
perature difference hecomes clinically detectyble
und mucous Membranes drey at around 3¢
g Of 1o body water. With Jue., dehvdration the
N Peripheries are cojd and capilliry refill, nor

maliy complere Within 2 s, s deluved. Pulse and

FESPITUHEOTY [ites IICTEUSe. Conseio USNESs My he
clouded, and in

Y

{3 ,OSS

_ e neonuate (he fontanelie iy
clusion was e 0 the presence of Sepsis, 48, sunken. Blood pressure mav {4yl although
dextrqsa - (’L]S“n sadim chloride s nap- DECHlsT O (i nereased cardie QUIPUL Cutived
pronriaiz, POtenualy dungerogs gpd should be by the laeny cardiz this is noy W Cavly or refiuble
avoided, sSign. Urine OULPUL gy decreased. A Pty

Burns (see also Chapter 15)

Significant bupns Cause large fluid Josses and
burns patents requjre lurge volumes of Huid
resuscitation. In addition to normy mitnten-
anee fnds, such patients npeed resusciution
fluid administered 4« Normal saline. Rineer'
solution or Gelofysjpe " given over at legs the
first 36 h after jury, The 36 h are divided into
SIX periods: three of 4 h. twa of 6 and one of
2 h. The LIMIng sturts rom the mamen of
MJUry so tha the first infusion 1S Inevitahiy
delaved. During egch eriod the child needs yn
average of 0.3 mj ko~ per ©o burn, T
volume gjven s adjusted on the busis of urine
OUIpUL. urine and plusmay osmolality, perfusion
and the cujculated Plasma deficit. This can he
calculated from (he formula:

|

1€ precise

plasma deficjt = blood volyme

~ | olood volume

. _horma] haematocrit
observed haematocri

Deep burns resy In

red cel] destruction and the
usua]

blood requirement is of |9 of normaj

1% burn for deep burns of
surface area Because the

blood volume per
more than

10Y%,

dehyvdration captiiury refilf muy be incomplote
“venatter 105, the mouth Is parched and (he
cyesdre sunken., The pulse is rapid and thready
and blood pressyre low. The child js SLUPOrose
and oliguric. and Ay show sjung of respiritory

distress, Losses in CRCCSs OF 20% may he il

—
COLLOIDS

THE CRYSTALLOID VERSUS COLLOID
DEBATE '

The supenority of colloid over cr}*stuﬂoidﬁ ft_}{
volume replacemen, 'emaIns controversiy] S
Whils Crvstaloids ape generally more por}ulay:
i the US4, colloids are preferred in Europe.--
The debate cenqpes on which fluid space needs
replenishing and the mportance or otherwise of
colloid osmotic pressure,

Colloids theorenicall}' remain within
Intravascular space.  therefore expuanding the
Intravascular volume more efficiently, produ-
cing the same Increase in curdige output for g
sSmaller volume of fluid. The proponents of
cryvstaliord drgue that the whole exiracellular
Spice s reduced in hvpovolaemia because

he Interstigja) Compart-

the -

Lh

[ ]
L=

Wt i e BT
LI PR FTR WL POV S M

+-|--.:'|'




. Reierences 243 ~ frare
RS

undergone a circulatine volt s fie
2 L g ime ransrusion of  childr |
* - . - . N - . ¥ len Llnder ,]:; \,f A f‘; * '
red cells. In bubies and infangs. stusi ° JRATS Ot age who require F
. ' . .- -lftln[b- Ll EI‘:.].I ‘ . b J ' ., * i ~ . = q Or
oF S-10 ml k™! is wsuali e [‘lbfkﬁzlﬂitﬁﬂ Mmdy require a transfusion but whose DATENTS 'i
N _— cnb. whilst refuse to give consent. leoq] advice should be S

unit transfusions are e .
patients. S are uppropridte in  olde sought. Such children wil] normatly be made 3 b ey
temporary  ward  of court. This Subjecn s “;-:;-_ e
covered more fully in Chaprer 2. N

f — . .
FRESH-FROZEN PLASM A AND . ST
CRYOPRECIPITATE ' e
FFP contams L unit of factor aehvipy ner _ : ot
millilicre of plasma. A decision to use FEp o /K€ cell disease B
cryvoprecipitate sh N S L . . Pias W

T toordlory findings. An have been routinelv transfused before elective i

INT of less than Ca ey . .
time Lar'[d:;;sil]tltflq"‘—l O{) ) p-d.,mdl [h o boplastin surgery. There has. however. been little con- S
Smifoar bleed}{;{l &l -,; ] :s .“,”“]“f} 0 cuuse SCsUs d4s to whether simple n:m-rmti;n ejr,t?lﬂﬂ “E:’
not required, [_ubrol‘ir;”';nii hl}:d :‘:”'I SCHOR IS anaemia is sufficient or whether the leve QL;*H*D% 5{54
chese levels or sienificant hl;edi;uai e."fl[el [hf{” should be reduced to less than 30%. Viehinsk v e
rection. An empiric oo of 3] ! cquiteer al compared a conservagive reoim S :.‘t{.a“
NN pific dose of 3=10ml kg™ s pyging 1 s : =tnen ftrans s B
o aally adequate or the dose can be caleulyied sng (02 haemoglobin level of around Bt <
( v body weight, plasma volume nd PN ]P* gdl ‘) with an dggressive regimen (huemai- f’}‘r":%
inerement of clotting factors, - TR globiy o around (0 g dI7 and un HBLS level of :w“
, CRomrecipitate s poor source of fators 1. uiman 1o, e by s OUnd (he conervative
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