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e R E@t#avenous fluids for serlously ill chlidren: time to reconsider
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! I?;{Svépngﬁ (Er) fluidy are used for muny sick ‘ﬂnd injured Children  with  yerious infections  share  gimila
R A SIS C,,lr, x‘qfuimm;l fluids genf:x:nlly aged are 0-18% or 0-2% pathophysiological miechanisms and riskes  of adversc
: "*-"3:‘"1;."11155' e 88 Elinc; 1 3:..54 dextrose, [ Bese tluids are often given at neurologieal outcomes if given hypotonic iv'golutiony, We
;' bmﬂéin E_:'ﬂgczje rﬂtt;,;;L-—j-IOQ mi/kg for the first 10 ke of Iou_tlme the puthophysiology of hyponatraemia .in “acute
R e -ff}_ Y;V 1ghty 30 mil/kg for rtic nexr (0 kgj, and 20 mL/kg Infections, and argue thar the safeat empiri¢al iv fluid for
D [ SR or:*id‘ Myweight exceeding 20 kg, Some gtandard most children with serious infections, who cannot take
S pas llaql'ic‘ LaX1s caution the neec'l t0 modify maintenance enteral fluids, iy 0-9% sodium chloride with dextrose, at
e ,‘:‘_rcql:l_wemenﬁa according to ~diseane  states, but this ratey of infusion that take sccount of reduced free-wate
b T ,'.i.spém‘f.iqafioq has been lost jn some receng cmpirical clearance. |
: A . Y, : v £
YRR recommendarions: for example, WHO now suggests full t
l 1; ... . - mnintenancy ﬂu}ds tor the routing treatment of bacterial Impaired free-water excration during sovere
B N memngﬁtls.(jnlbmt With a caution about cerebral oedema). infoctions -
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o ,«,: TR with fﬂ:‘ emphasiv on glicose but not yodimum content,’ Antidiuresis durlug fever and sepsis has been known for
B AR - Thig i'bartly based on concerng about dehydration, but OVEr i century, especially in pnoumonia and meningitis.

a"' ," ;l‘;eg!c. i l} pﬂifiﬂgﬁfldg e?idcncc-thiit this udvice is gdeul,*.-r J~Iippqcratcg’ deacriptf'on of pneumonia mcluded scanty
. tx an -yp.t)‘tpi\ :c, ¥ Huidy gwer{ 4t maintenance tates might be and high-coloured wrine. In & rhesus monkey model of
chtoerst . unshfe, ! esperinlly in hospitaly in developing countries puneumaococcal sepsis, urine volume and free-water
:, RIS _' :hwhﬂ.l‘e iheml‘!.’l sodium  concentration vften cannot be clearance decreased to 25% and 7% of bagelind values,
3 E‘a: o +,‘§1?I§su'r¢|d..-';¢ | | respectively, during the first.9 h of infection.! When
e e The tﬁ'qd’mgonal Us¢ of hypotonic maintenance fluid in 0:43% saline, equal 0 105% of urine output in controls,
- -.-:-?s-jj;:.;-’_.-:j:*-*-**-.n-j-:pu&q_i_-:atﬂc medicine {3 based -on requirements of normal was intravenously infused into septic monkeys, their
cy oy . .-.“'phyisi_iﬂlc{g‘y—wgg, if an infant weighing 6 kg receives 0+189%, bodyweight expanded by more than 0% during 9 h of
RO R ?a“‘}.‘? flpid for 24 h, they will receive 3 mmol/’kg sodium cxperimental  sepsis.  Of note,  serum  ‘sodium
N DR Ghlt)&:dﬂ], l'OQ ml/kg watee, und 3-5 mg/kg prer minyee concentration or seruam osmolarity did nog ‘change
R A glucﬁﬂc;l:« Th“iwc are the amounts of (1) sodium and greatly, In g clinical investigation, 70% of infants with
I IS . chlorideineeded for normal metubolism und growth; (2) |
R N VR LT nP(‘:dﬁﬂ by. the kidneys to cxcrete nitrogenous ———e
G wagtes I urifie with similay osmolarity to plastna (30 that Mechanisny Bettlng
' fo L the i{&idrﬂeyﬁ do not need to vxcessively concentrate o Dliution of ECEV |
". ;M L, odilute ‘wrine); and (3) glucose needed 10 avoid | igh ADH Activity Despllo normal or oxpanded ECFV
AT r o hypoglyduemntn and glycogen breakdown. 'I'his sounds and hypa-asmolarity, accaltod SIADH
At e ideals buetls i Most healthy people do not drink thia gﬁfww of hyprirofglr_:ﬂau e
Ko oo omueh water each day (average for adults iy 2-5-3 L), so Pain | MOLe ADH Stimull
{0 arahet - theirskidi eys:usually concentrate, or if they drink more Neusas |
DN R thun usual dilute, their urine. Healthy pcople are able to Hypoxaemia
L enerdte farge emounts of frec water. "This is not the case Drugs
o f\ fq:: may Ic:!)ildren after surgery, or with serious Increased aensitivity of renal gn:jc:;ameal vendation
B Y -mhec;tmnp.- P tubules to ADH Severe liineas
R e S . L ‘ 4 ,
AN e S Lagge volumes of hypotonjc fluid were generally given Increased Intake of frae water Excésalve enteral water.Intake
et L afrery sifgery, until reports led to recognition that atrogenic adminlstration of v administration of hypotonle
t ,‘ L PQ&tQpe;'ative‘;patients have reduced frec-watet ¢learance, ;rﬁﬂ watey . 5“'““*3”?_ ] +
R and*hypdamnié saline solutions at muaintenance rates or tncraaaad Urinary sodium Josy T
b Nt great@e Tput batients at ek of hyponutraemia - and “CFV expansion | ng;ntl;nl;f rag-water from high
o ' T y Y PO At 98 actjv : '
| f.‘:?: S ! tncﬂ?hﬂl?patby the syndrome of water intoxication. :J':"&amfm"dmll !ﬂtﬂl‘:ﬂ';.
S . . P —————_— b atrogenic sdministratior
e T—- . x\ {t La{'mt 2(:?03r }52: 1320-23 atriuratlc peptide activity lncraaased right atrial prdssire
RN e L‘ S ANP/BNP) . -
L e homn}‘for Ntarriational Child Henith, Departmant of Pasdiatrics, arebral ‘sait wusting' Dascribed In whborculous maningitly .
CLnn T Univediity of Melhourne, Royal Childyen's Hospital, Pariville, | and traumatic brain Injury |
FR L Viotorls, A tralip (T Ouke mo); and Department of Pasdiatrios, ;ur{f:!)iirig‘:hnfwum
g Qol-l;ag,‘ °1.’.}.. gdlqgna, Blantyre, Malawl (£ M Molyneux rrepci) OH ADH.may have a direct effoct on
b T Gorrespondsnee 'to: Dr Trevor Duke, Centre for International Chilel Inareasing urinary sodium excrotion -

CFYwaxtracellular fidtd volyime, ANP=atrial natriuretln puptide. BNP=braln
utriuretic paptide. AOKH=vhtldiurvtc hormona. SIADHLsyndrome of

SN L . Heaith, D&ﬁﬁk‘tmq:nt of Paediatrics, Univaraity of Melbourna, Rovyal
(pappropriate ADH sanretion,

UG Childrdn's ,oéma;m, Flemington Road, Parkville, 3052, Victorla,
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1L N H—-*«L-—----——u.-—-—-—-—-—v—wuﬂ h—— Y : -
" " - :\ Flld . L Vo!ﬂmt " Volume per  Urina output _ insenafble loses Total oﬁtput Total nst water Na+ sddad 24-h geruily
RN ' . [ (ml/kg/day) day (mk)  (ml) (mL) added {ICF/ECF) (nL) {mmnot) [Na]¥
I ALY .‘;‘018% agline 105 800 | 210 180 210 (84,126) 7.2 1306
Ll 8% ealine. 450 210 180 60 (0/60) 135 1275
. H? A Yot hody Wat r-n’?O% of bodywsight (35% ECF, 38% ICP. ICF+Intraceliutar fiuld, ECP=oxtra cllulur flulcl Froo walvr oxcrotlon roduge " hy BO% normal {Lxlneg voiumﬂ frony
oot 70-38 mU/ig/8ay) tdp to Inarensad activity antidiuretlic hormona. Starting aerum (Naj 138 mmol/L; total ECF Nas0:3BX6X138~283:5 inmul.
o T *24-t patim [Nh]mtpmax!stlna ECF {Nali (Na) addod)/ (pro-existing ECF+ECF added).
. ' - ‘f;:’* Table 3' Enqactod changes after 24 h of fluld adminlstration to an Infant welghing 6 kg
Foo Avmdﬂnke Qf hyponatraemia is esscntial, but not dgvclupmem of hypernateaemia,® during che later phases
; Lot sufficign ko prevent adverse events associated with v (lIness there is a theoretical risk of hypemutmemia if
g fluid- ,ﬁ ‘ ehxldrena Fluid overload occurs in children isptonic saline is used. Diuresis and low urine O’Jmo‘]m“y
S e with unpﬂired free-water clearance who receive 100% or i8] & feature of the convaleacent phase of childhood
: ot U more qf maimmam,;_, fluid, In a randomiscd crial of fluid ini‘eutmns However, during this phase of illness iv {luid
g ' es are reduced, and enteral fceding romrmduccd

[ en ‘*'*";managamc t in bacterial meningiviy, facial oedema
N ‘devcluptd 48 h. after admission in 45 of 176 (25-6%)
S L lehildeots Who t‘ei:ewed 100% of maintenance fluids using
N i;.j;ff“fl.'a?-‘o45%.. aalﬂne, +The relative risk of dcath or severe

SRR '*ncurolcglchl seguelac when facial oedema was present

ce T was 215 (95%: CT O 14-4-8), despite the absence of

oo differences in Yerum sodium or osmolarity (Duke T,
A unpublishcfd) 'I'hls finding suggests that fluid overload,
coon T even withous progressive hyponatraemia, can contribute

coavs o oadvepse: hwmlogxcnl events, which might be explained
Lo by dlsr\lpnbns tb the blood-brain batrier in children with
| 'mcnlngitm‘ Thus, generation of cerebral oedema in
severe dnfections is multifactorial: the effective OSMOIAK

gradient, admigistered fluid volume, and a digect etiect
-l" ] I* B ——
OfiudmmMmaae o aquaporin proteins are each
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“Table 3 ghows the estimated cffcct of two types of

S Auid manhgemcm regimens on serum sodium  and
e valume.-stqtua in an infant weighing 6 kg, with impaired
: 0 free-water iexcrétion. Renal function was assumed to be
TR mherwxae fnﬂrmal After usc of 0:18% saline at 100
R R ‘mL/kg ex| day, scrum sodiurm would be expected to fall
S L from F’BSI mmnl/L to 131 mmol/l, within 24 h,

R et Y s 'aﬂscciﬂtﬂd 1wlth a 5% increase in rotal body water, With
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N salmg at 75 tml/kg per day, serum sodium would
ST herease b '2 mmol/L and total body wuter by 1'5%,
Ul e with no incpeage in dntracellular water. These are the
L N indtial ch,angea; aecondary effects might include part
San et cgrrection iof the fall in serum sodium in those receiving
ettt 01 R% satihe, Because of intracellular water shifts, but
:-‘_Z“‘-‘,i - mcroaaecl Lhrlmmr sodium losses because of cxpansion of
ST IRTRINEER NN, 1Y cxwga Seiulag.fluid.
soeesan o Fewscliical ‘trials have asscysed these differences, A
RIS anommﬁdormﬂed compurison ot 0-18% and 0-9% saline
Vo0 s\t vine 247 ppstoperative  patients,  showed  a similar
R, 'biochc\mlcal eﬁ‘ec; 0 our predicted result, Adults
eyt TEGEIVINR U *18% saline at 3 L. per 24 h had 1 median fall
ARVEIRRRERARE | ‘Berim scadmrn at 24 h and 48 b of 5.4 mmol/L. and
N 7:1 mmol/‘L, r¢apemwely, but serum sodium did not
',"rchange, in 1(1:;035 receiving 9% saline.” In patients in
o ety whom renM cleamncc of frce wuter iy reduced by more
ol ihiane 50%5° maintenance  fluid will need to be
A REEY canaideraby less than 75% of normal maintenance
Cporaytt T valurnés tcp atu::id oedemu, This approach is not fluid
AR reamction;r As it is sometimes interpreted: restriction of
coi el fluids. o pmnr of dehydration in the hope of avmdmg
N cerebral o detmy is dangerous, and will result in worse
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o '_ k ij”UBe of-an Bmoplc, rather than hyputomc, solution does
BURRCRRARI 1 1s14 meantthat pmgrcsswu hyponartaemia would not
L SN -takc plﬁCCni vt ithat it is much less l:kcly Althiough use
3 - .of- hlghnsohlum-*contaimng solutiona in children with
e mfmmgltm[ in the first 24 h was not agsociated with

I |
. .
] [} L] L | l-[t
F
..l‘} LI
' L
i

d
Il

b Fadl ™ W ol WA, R L

L)

DHSSPS

r
!' "-l- l I
1
1
. : -y i
’ " r *
o 1 |
ooy
E IR l
l

C 1ldrer1 with severe infections, who are not laklng

eniteral feeds, are at usk of hypoglycaemia) isotonic
salme should always have glucose added (5-10%) when
given as maintenance fluid. Early correction of clinical

sigms of severe dehydration or shaock is ensential,
In renal faflure there is no safe substiture for

nacnsurcment of wrine output and serum sodium, and

adjustment of warer and solute intake accordingly.
S¢vere hyponatracmia should be corrected slpwly to
avoid the demnyelinating syndrome.” Although there is
nd evidence that correction of moderute hypondtraemis
ir] children with isotonic salin¢ causes a large risk of this
syndrome, to incresse wodium by no more 'than
1 immol/L, evety 2 b, seems sensible when this can be

mieasured. Isotonic saline has & pH of 5-6. When it is
ujod in large volumes for children in shock, metubolic

idoniy  can  persist, and in some circumatances
bicarbonate or other buffer might be needed. -

wmalble solution
e postulate that 0-9% galine (with 5% dextrose) at less

than standard maintenance volumies results in a lower
frequency of hyponatracmia, selzures, and adverse
nourological events than do  hypotonic solutions
(0 18%~0-3% saline), in acutely wnwell children with
beain injury of any type (meningitis, encephalitis,
cdrebral malaria, febrile seizures); serum sodium lesy
than 138 mmol/Li™ ot severe infection assoclated with
greatly impuirved free~water excretion,

[deal teating of this hypothesis would be done in a \
layge randomiscd controlled trial of hypotonic versus \
isbtonic saline in children with severe nfections,
sipatitied for types of infections. However, we think ir
wpuld be uncthical to include some infections,
patrticularly encephalitis and meningitia, because there is
already substantial experience of harm from hypotonic
sdlutions and parhophysiological plausibility of the canse
of such harm, Such infectiony also have a much higher
rigk than -do other infections of cerebral oedema and
advorse outcomes if hypnnatraemm OCCUrs,

An alterpative approach, in  hospitals in whici:h
hypotonic fluids at maintenance volumes are.the routine

standard of care, would bo to changc the policy such that

e, L 1 L T et B R

-.--l W T o i

‘maintenance) bccomes thc. standard v Quid for seriously
il} children. Although not as robust 4y a randomised
control trial, this spproach might allow for a detailed
before~and-after analysis. Outcomen could include
differences in the proportions of children who have
neurological events associated with progressive falls in
sqrum  sodium, Assessment of harm  could include
differences in frequencics of severe hypernatraemia, or
neurological mmpmatlons assocnﬂtod with rapldly r;‘i!amg

sdrum sodium.
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;A\ And. the development obhyponatraemia,’
e Desplte clea¥ anfl ‘repéated warnings nvey
Gk past few y:nrs,l?“"théﬁ routinge adminjstra.-
otion of 4% dextrgse/0.48% saline remaing
o s shatlard: practice. mdny paediatric units.
o+ Fhis practice §s based ontlormulas develuped
rent gver 40 years ago and
derstanding of the poven-
thelr use during

Y adytes inhealthy.chif
cOwhvtheye seems liyrde
(v ital ylsks tassoclated ‘with
o acutéillngss, I
A global - changg’ of tinteal praciice s
o ATegulred to prevent these needless deatfs.

eI s at‘:cha]‘lgnge'}tthat the RCPCH should

Colacg up to, together with the Medicinges

L.t Comttol Agency. and, thi National Pationt

- o Gaféty Agency & usdful B85t step would e Lo

<+ irfabel hags ol 49g do [Y03¢/0,18% sallne with

) e warn)ag that seyexe hyponatraemia may
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Its v i{th Ddwn's syndriiie
| oare :at fricreased rivsk of developlhg thyroid
.. dy$fanction, anid sérodnhig for thyrold dys-
~ funetion s recommended a part of thelr
L ‘*'hcf”;:fh - gurvelllangd.'  (linfca history and
. vxemingdon dre knéwnlfo belinreliable fnd;-

- eaFs - of thyrold: “dysfuniction in Down's

ik g -

"\ |

- hidemione (TSH) aéspy retnalns the gold
~standprd, Caplliary |qloolr spotion filter paper

o Byndrome, Verous oo |foi- thyroid stimudat.

. oa
"!I'_"‘r P | .
4
L]

s Fosudia In the excretion ol

WLHUPRED)

TSH has been proposed as a simpler arid more
cotwenlemt alternative screening inethod foy
hypothyroidism In these childreh. !

To extablish current scréening|practives, we
utider took a postal questionnalile of COnmuy-
ity pacdiatriclans registered with the British
Association for Community Qhild Heulth
(BACCH). Community paediatritlans are the
group mostly Hkely to see cildren with
Down's syndrome for healt) survelthance,
Pacillatricians were asked whotler they roge
tnely screened children with Down's syn-
dromae for thyroid dyslunction. They were
asked at what age of child they began screen-
ing, how olwen they screened, |and whicl
method they used, |

The questionnalre response rabe was o it
(209/325). Al the paediatriclans who re.
turnad completed questionnairds routingly
looked after children with Down’ syndronie.
As oxpeciued, almost all of respondents, 93y,
(194/209), were screening. rowt nely,  Maost
pacdiatrivians began screening before 8 yeary
olage, and screened every two yeabs (table 1),
venous blood TSH was the most frequently
used method of screening (33%| 174/2009).
Only a small furgber have beguun Gsing capil-
lary blood spot on filter paper{TSH (7%,
15/209). A few paediatricians werd relying on
clhical suspicion alone, Those paddiatriclans
hut routinely screening for thyroith dysfuie-
Hon, were cithey measuring TSI opportunis-
teally or were undertaking  blochenica)
screening only when symptorns| or Nigns
ratsed suspicion,

The Down's Sypdrome Medical Interest
Group (DSMIG) has reconimended bioghemi-
cal screening for thyroid dysfitnceldn at lease
Lvery two years afier the Brse ytT of life,

Most  pacdiatcicians’ practice IS tonsistent
with this recommendation. Capillpry blood
sampling has practical advantagey over ve.
LS smm}ling, with regard to paticht HEEC
ability, particulorly In  adolescehos  with
Duwr's syndrome and with regard to cost
There is growing evidence that capillary blood
spot TSH is a reliable screening ool For
thyrold dystunctivn In children with Dowii’s
syndrome,”* Capillary blood spot 'r's May, in
the future, comie e replace venpus TSH
sampling {n children with Dowi's syndrome,

> Varadkar, G Bineham, Lassing

Haunslow & Spelthorne Cammunify & Mentut
Haalth NHS Trust and Wast Middlusex University
Fospital, 1alebvorth, 1K

(orrespondence to; Dr S Varadkar, Bio homistry,
Endacrinalogy and Metabollsm Unit, Inztlivle of
Child Health, 30 Guilford Strest; Lundon WCIN
1EH, UK; aophlq@vumq(qu*ca,uk
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adalescanis with Down’s syndrome. Afeh Dis
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dysfunclion in Down’s syndrome; & -
comparalive study.of two &cruunlnﬁ
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Changes in serum sodium levels
during treatment of
hypetglycaemig

Curlotti ¢f al* state that Huld and electrolyre
mapagement might coniribute o the ‘deve).
aprient of cerebral vedema In hyperglycae-
mia. There s a simple rule of thiuoh,
tormulated by Katz, which may help caleulate
water and electrolyte deficlts and predict the
chaiges io sodiinm levels which accompany
changes In glucose Jevely,? namely that g
decrease of 0,29 mmol 10 561t sodliug mny
he expected for every 1O mumol/l increment in
Seriu glucose,

This may be explained as llows: bypergly-
CACIIA CAUSCS dn oymotic movermaent of waler
ault of the colls, which leads to hyponatracniia
by dilution, Thus, at prosentation, the pdtient
s usually severcly debydyated Intracellularly.
However, the serum sodim s Jower thags
would be expected because of thig drlution of'
the extraceliular fuid, When the patenr is
treated with insulin, glucose enters the celly
taking water with iy, leading to a relatiye con.
centratton of the extracellular fluid, .and
thereby 3 vlse in serum sodium, Tl rige thay
be predicted and  caleutlated using  [Katz's
formula.?

Carlott ef al alsy cemmient on the report of
Glaser et af that the chance of corebral oedeni
during treatment s increased in children wlh
present with high inital serum orea levels
e when there iy a lack of an inerease in

serum sodium levels during treatment,’ This
inereased rivk may be cxplalied by the Tact,
that the urea level rises In proporcion to e, |

degree of dehydration. - Ureq contributes
sevum osmolality and if the falf in uren is no.
takeen into account the sertm osmolality may-
be allowed to drop oo rapidly, thereby’
increasing the risk of cerebral ocdema, Car-’
lotti ¢t al do nut take this into account in-thejr |
tormula for calealation of nsmolallty. The ¢al-
culation of serum vsmolality as twice (e sum

ol sodivm and potassium plus the urea am

glucose Jevels (all in mmol) coeresponds

better  with

the f‘iﬁrrlmliy measueed
osmolality.” ‘

By trcaling hyperglycaemibs using hypot-
anic solutions or glucose alone, the serum |
nsmolality will ol rapidly and theieby in- -

arcase the risk of corebral oedema,

Scoutn osmolality must be monitored Jie- |
quently, cither by direct measurament or |
calculation  from  the  sodiwm, potassivm,
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‘ml,pé:ei;iously healthy children who
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" ‘*;;i;uj(t;le,rwamtfmmer-.si;\x'rgléfryi Arieff ot al? reported on

y éhildren who dicd or experi-

- .+gnced.-permianent Heurdlogic damage as a result of

1

4 *
Ll

1 ajor factor that regulfs

lphajopathy soon after receiving

;'hypcitonic‘ fluids after fminor su rpical procedures Of
fot:the treatment of cpmmon childhood infections.
SN nkin et alFand Méritz and Ayus® noted that the
s in meurologic deterioration

t;:‘x Crosse encephalitis was mild

¥

- inghildren "with “

o hyporiatremia developing atter the administration of

L *:‘:hyp(;t()ﬁic fluid. .

-+ 1' . '
E
- - 1:" *
« % 1

. timeg more dkely:

f -5 sability 0 adapt
R *:*:".Hypo-h_atremit;' engephalopathy can be
LV Trecognize

| .. goncentrations than
1 it umly therap
f. . - atkributable to the

| B % |
b W baattributable §

Falbprthal et alt reported on 23
L an underlying discase that im-

e }j’a'*iijé'd? water iht\rid;ljn*g; who devcloped acute symp-
. Edinatic hyponatremianftes

L]

* the administration of hy-
tonic fliids Hyponatremia n these cases seemed

.L ' )Io‘a sornbination of hypotonic fluid
Sadministeation: and APH excess. The above authors
‘ against the routine

a4 ]

2dnd fathers® hive tautioned

1+ \ae bf Rypotoiic Fn;{‘ifltmmnce fluids in children,

L] k

L Children are atparficularty high risk for deveiop

|05 ing gymptoraticihyp

as they develop hy-
" ponatremic ejcephalgpathy at higher scrum sodium
adults and have
Y ionot instituted, This seems o be
higher brain-to-skull size ratio in

onatremia

o “ehildren, which-léaves less room for brain cxpan-
B o236 °Chil ‘r&lizél@hie"c adult brain sizc by 6 ycars
) T Eage, whereas 11} skull size is not achieved until 16

)

gars of-age.. Fefnale:adolescenls may also be at In-
creasgd:-1isk -of. devealoping hyponatremic cncepha-
as women; of reproductive age arc =30
to.develop hyponatrenuc enceph-

- Salopathy. thdn dre toen, as a result of diminished

fo hylponatremia by decreasing brain
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difficult to
be vari-

in children,

as the symptoms can

1. “rable i-:*_.l’id:g:lrjfngk correlate with atther the serum 50-

!

- » .
+
L + 1 L] +
s

LT !

-
L]
- LA

‘ -
* ¥
ke, %

s 1 b

g -

i"
: F

']

» 11 -
441
* =

N ; "\ J"ﬁl N
L Ve

4 \. |

l_.l* “1

F: R . g e

woataate Mharapys

¥ jas . }'.- . -I-J .
b ., \,,I‘ '1.'4‘11:

kY
* !
- +
-

- - ot + N * i ] .,.
'-.."1-'.-. *t-",""‘, ' . v t‘n [ ] + + .
i - - 14 % - - | '." \_ L] 1
BER USRS SR RRE SN o v - ynatremia an monitored ClOsely -
RS FORTTNRN o031 [0t e O o i A or develOping ONa 11¢ < 08€1Y =
P T P " - ¥ . 1 - ¥ -
S B SRl hAlar YA TENT DO 1F DA 0 KLl 44 AN R R T 7 S Lo \ . , et
o B by ! v I : ‘*'T'\- "1.'1"'- ‘vl' ..-JL."‘J*J * **’. Pt _"‘u "'I' v A "‘!‘ vryg M * * ' e Ab . iu"l']‘ LI y '] * £ \ ' -L i —r '
* ) :I;l' "r;\.:lﬁ; "- < . "‘l?‘ 1 b ""r' L ! v : oady verpde i\t'“" ' .4 o : : .1.!:: 1 1‘4* ' ) v
- _——h - . - +* 1 » a L) »
£ s bt . M ".‘T -, ht}r:" \ H*ﬂh‘a h'-*r . :." . !‘“‘.lﬁ ’ EIEAe SR L . TV y 4 " : P Y - R * l' L v 1
- 9y . J . 11 - ] . . P - \ PR > y [ Y | ] P - 1 LY PR + »
=, ,Tr ‘j,' u + 4 1 “1‘. . Lll--' ', +, ‘l-‘.- o ’ q-t“ ‘j . \'-;I Rabs : ihl‘_l|‘ 1r: o "'-I"' 4 + * R . . f e . |+I ™
\ L] ‘ .*“ 1. r 1 \J" * " IL 1""1 { " 'I " .‘ r 1 * r * Iy 1 + A . N‘_ﬁ:#‘l ! + * T+ ." ? * ! ! 1' ..r + I * * *
.. - ‘lf j‘ L t_. . - M . a * ' . - \ 1
: Ol '} H‘.:l-:ﬂ:lﬁ'ﬁ“ *]:t)ill PRONTANRX Jﬂl?::' t?‘!\f:tl:i'l' " :TE bk ey - S . . 3 L ] : by LA I | , : - ) 2 :
N RELL - BN . - Lyate oA LA 4 - Wy T TR T R T e ¢ L) aay fdead )t . 7 445 .‘)” X ' : ‘ - " A ¥ Joand ‘ s,
e 'ﬁﬁ'\t %% WAk “{' ERA e 'y .{'}ﬂ }1&' 113}":31;*{'1'1""1"‘ e NIRRT 'll‘* gl #m}\l T'{ ) ‘FL IR A a Codtay b e e YT '1: o bR A W *L-{*‘ v Lyt AT TR LY T
- . a 1 - * ‘:* n a5 . "'_. [ - | . - - - i * ;"""‘ . _' r . » ' + [ . . ] :-"q .,.“-' LE" - . ﬂ! I r -
M " L + v * * * . v, ( wl rﬂ-" 1 ¥ .‘ - ’} ¥ g B ) ﬁ‘ . i'l L _{j - t;i:"". "'1‘. ‘l:'f Ve 1:"?.“*1 'I! l:':‘ N ?\_,_,I:_, i 1.'.1.:.,’:‘.'1_:-} |‘ﬁ 'S "‘1'. m rﬂ‘ is ' “' H ’ ! f,’.l !!!! y 1 at j N I]| -I'I-' A .I'L?,' q-'l'.pn"'| ‘E' .Tf\;ﬂ“t‘ll n ':f"n’\h?q 1"1 E‘ :h,f = i‘ -Ir“L!'
¥ L Il ‘t? \."' R : : N j ll“ L | ks | .: ¥ "'JT ! 1"1. . R L "l'* forba AT A "I R }'fi‘ "'-J" (AR "‘.ln-h . iT'L F 'Er -l': 1 “* v It‘ . L] ' + . / t d 1-"'!-‘- g RIS |'1"1l...l""'I L'rt :-t:: ’*,'f.?ili“ "u}..l':ﬁi:r:.: 1!:‘r "]f"|§ﬂ*{{-‘f p: "I"' ' htl:-l.:"' ¥
‘:_‘ r ¥ “;*T 1.‘1 “"‘ *1:‘" ‘- . .y . A . ﬁ‘-. . . - ll-' . L  F gt L i ¥ a0k l‘_._' - L] a »
i A DN Ty aR g T LEN AR U e e % T R LA, ' . q s et Ly b Ao Tt S T T A o TR gt LT el L .-1:.#:L1=.=:'-;}‘fi e aERn fedvid }AF 5‘:33 iﬂ@lﬂb}?éf
T T e L TR o e e R At e ko pma KT Cglg S RN g N L e n ey g s pr oo ey ¥ - .y ey AT g o bk T i i ol iy - L T e T At 3 Eaca -y g e ey B A eV R b T DR A R Ay - il T s R et o, A L iyt }}1 - i, AT e el
5 B S e SR 1';%5%-??- R o P AR R T s SRR vt IR A L iﬂ?fﬁ" : "3‘:‘" G T, ?*“L:"“ S gl g""{‘f""%ﬁ"“?@:"}ﬁ: :
g pa s Y e T i) B LRt T o Sl Y N A - _":1 T w1 il et A g [n o el i e = e h I iy ™ s T _-?:'-.f"'"-' — I il i ol s ¥ g -.:"""'-:i'.-r_ r :1;.;3"-__ = lr"i;:' 3 i '..-'-r oy e L P A £ ’:’I Tt ot P S femaf T A o 1 L:"‘ g ‘ﬂlutfﬂ':l' !i': i X it ) L P, T =y
iy L e * v iﬁ. "‘!;.1{ [y ﬂ o "'l'-:gf!"'_"-"" i:!";:'.:--‘--"' L ; .‘fi"lﬂ“i-’j."j‘ﬁ"',*r' [ R 1-':-""1:_,} b Jh'iﬂ.i.;{"_.::'ﬂ-lr 1;{**‘-\-..—'- -"tl"n—':T".-"l-‘-ﬂ: nr ok ot g K o g ey e ol A e 1'1.'_'.:-’ ‘rp e L hrq..-l:"._'i!:i:'I- a7y mm R ot Pl T L R A iy 4--4.]_-1-"" ""."'—l_.l* =L | gy
Pl Rt st e g '?‘?‘fi'-"-‘*F@*-ﬁ-'ﬁ;t'hﬁr?-*-iﬂ“'-‘ o e S gt e iy L5 FT el TR TE T T o AT L R e e ad L ey LAl S N ot TR ol ant L ey T L A Sl P Y L R Ty LT ;.;-f,il‘l,xf,;u.;ﬁg?«*-g-- XAk
AL EE e P LIy R e e e Fadind s b A i L Pl T Wt TR ey T A A o L W S L e B T Ay e T ey e T A TR ST T A b,
P By E e T '.*5'.- SRR Cm e Y COONT sy LR i el gy T4 P T At i-r*"\!?it-.lr.t-‘“"f'l R Ko A Ehietfadilan sy O A e I TR O SALE Sratd Py 17 7Y Wy
t"—-.' B & 1_1. "—:;*;-Ehr -*.“ L“h - l}.'.:-:-f‘_ '-..:_.j ;3:': ::,'j-“ .r'.-lj'i'.- ].l:.-ﬂ-'d?‘-" .1 f_.'_t g .r‘:':.' -_} "11-1‘: s" 1Y f,'_ g .,"i -are « J‘- e :"'a.-‘ .y, KM iy L ' :. ‘ L -i.ﬂ'h'_ d *;" . n 'j --"‘,.E\l = A a .= ' ﬁ- I e ..,_r::“lrp -*..‘ I"I-.'-_. #'_r 'l_ _‘.‘ o AR _'_r. .,._ _"lr.“. iy | ..|-.‘_¢_.___=,I -~ ;-l!._;I ._t :.F I-.,l e P &L 1 H ﬂ? o - :‘FF.\ r ?..,. !'I" -'t N
e e “-*""5:"' dparyc e e c o MONL i R LS P P L W TR TR L] P Ry W LT aF . \ : : y L Pt o b i iR e L 1700, a3 U ting e o] S S R R v rn ey T by e
AN P a..‘.i*.‘.:pr'ﬁ-ﬁ' L Pt O b e g N AR N LR PR RN 1 ', T \ i. At L W L R A Ay e 5 o Bt o he o X3 Shubor il g R TP 'EE . i
’ - . ] Tyr ..'.I."".-‘|I Ay ‘.""l:'_'-‘ i‘v-"-;t.. -i.'-.'ﬁ'-"'-a:"'.""ﬁl'u'_u "; . i -Q‘ﬁ:* = 3 n L f N Y+ vub. T i 0 oy} ?J .* ' * * .h-rF.. Iyt A L L "n r Yy A al r, “‘ b
e = i _‘ . . ".. 1- . ‘ [ J " 4% ¢ ¥ 1. l“ 'I" -firr' $". ‘1‘.* r r '-"ll' |.‘ "‘ ﬁ'r “f 1 1 ‘ "*'| ~ 'I Fr 'Fhr ‘L}“‘
P N . o L ] =i v * *i 4 " . , =t l" 1 . |l|ti l‘
ERRETIE R S _..._-_: EPtE -. ) _ el T e . . i - i ":' - ] + 1 ll- + * * Pl .\ ¥y Ot . n
L] . iy R VORI AT . LT . 1_ K . L ..- ::: E':_:_'.'::_.:.::! . T WA TR TN T ——— i i ! J - 1 L] 1 " LI ) i' - '_"1' % o F ¥
U AR BTN s e e WA S T T SO E R T T T e e LTI " .

.

aege

R el and wedkn

-I‘ ‘

;-scerebral herpla

ey YA A AL T

1 L J

- diim ebncentr

1

toritor the rapidity of development
ponatremfh;?, The most consigtent symptoms of
natromia’are Headache, nausea, vomiting, cme-

so; Advanced symptomns are signs of
gipg;xwlth seizuyes, respiratory arrest,
ptﬂmonary “edema, 8 dilated pu-
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ncephalopathy and Initiate appropri-
1L izpsult.in :8, POS! neurologi¢ .out-
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daxtrose o water

orficat .pos‘turing.‘?‘.iﬂailL,tg'c;tg recognize 4

(mEq/1)_(mOsm/kg/FHLO)

drr —— i —l

100
78
H()
16
16

()

292
CYA
406
273
529
560)

0
34
77

130
130

o * lus potassinm concentration in the aqueoy
St T anduriif g that plasmais 9% water with a serurm sodium of 140 mEq/L and

a poor progno-

!

L]
LU

is the mosgt important prophylactic measuire
be taken th prevent the development of hyponatre-

mia in c¢hi
Commonil

hyponatrgmia

3 emng
natre

154

A

of plasma of 154 mEq/L,

phase
A potagsium concentration

WHY ISOTONIC MAINTENANCE PARENTERAL
FLUTDS SHOULD BE USED

The administration of isotonic maintenance fluids
that can

dren who arc recelving parenteral fluids.,

(sed jutravenous fluids have a sipniti-
nt of free water that can contribute to
(Table 2); therefore, they should bée
qsed with caution in maintenance fluids, to mix in-
travenouy medjcalions or to keep a vein open. Hven
‘sotonic shline can lead to hypcmatremia if cxcessive
(luid is administered in the presence © a fixed wring
ssmolality with impaired urinary dilution.?V If an
lsotonic solution of 300 mOsm / kg /HLO is adminis-
tered in g state of excess vasopressin,

cant amo

such as S{ADK
ot the poptoperative state, for which the urine 08moe-
lality maly be fixed at 500 mOsm/ kg /1,0, then 2
natrmfc&s% that will result in the ganeration and 1¢-
tention of frec watet Jnd the development of hypo-
aatremia will ensue. At sotonic solution will have
approxifately 194 mBq/L monovalent cations, 50- .
dium plys polassium, as the average concentration ol
godium |plus potagsium in the aqueous phase of .
plasma {s 154 mEq/L. Although no 1 fluid rate or
composiion will be appropriate for all children, 150~
tonic saline in 5% dextrose in watcr-scems to Be the
cafest fluid composition in mosl hospitalized pa-.
tients, If potassium “hlaride is to be added to tlie
parentefal fluids, then the sodium cong:en‘tmtic)r} can
be lowered propartionally to maintain isotonicity..
Lactated ringers with 20.m Fq/L potassium chloride
in 8% Btcxtmae in water would also be an isotonic
fluld, Bhysicians must assess children carefully’ to
choose |the most approptiate parcnteral fluid rate
and composition betore nitiating therapy. The main-
tenancd fluid requirements of the term and prefanm
neonate may ditfer from the older child as a result of
unique physialogic jssues, and our recommendar
tHons do not extend to this group of patients. Chil-
dren with ongoing free wator lodses or a free water
deficit|will require a MOLE liypotonic fluid. In chil-
dren with illnesses that can {Ead ‘o fluid overload,
such ag nEphmsis, cirrhosis, congestive heart failure,
and g]lomerulonepl‘xritis, both godium and fluid re-
strictidn is of paramount importance to avold wors-
fluid overjoad and tbefda-;yel,qpmgntﬁgf hypo-
hin, Bospitalized children ‘who are “Fdceiving
be considered at risk

paren oral fluid therapy should

L
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