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Introduction

In the Lnited States, there are an estimated 13000
deaths per vear as a conseguence of postoperative

Chyvponatraemia (1) (Ficuare 1), There have been

% mber of recent studies which have described
o ostoperative hvponatraemic encephalopathy with

death or permanent brain damage (2-6). From these

studios. ibappdars that brain damage associated with

cticephatopathy
womnen (1Y and
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Effects of lyponatraentia on the paedintric
celttral nervons systen

Nattie & Edwards (13) studied the effects of acyte
hponatracmia on the brain of puppics. Thev found
that acute lowering of plasma sodium from

< o
20mmoll - resulted in severe hypoxaemia (arteria;
PO fell from 1T4-6.9kPa (88 to 33 mmHy)) ana
cerebral vedemia, I contrast to adults, the brains
of pacdiatric animals (three, dav old puppics and
neonatal ratsh were unable to adapt to hvpo-osmotic
~tross Dyoetrusion of cation (i3, 16).

Adaptation of the brain to v ponatracniia occurs
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was imrhcated i the outeone

aenders have more room in the rigid skuli for the
brain to expand than do vounger ones. This finding
is more marked in males (21,

P adaptation of the brain is not adequate, pressure
- he swollen brain on the rigid skull leads to a

!

~ecrease i cercebrat blood flow (22Y and cerebrospinal

fluid production (23). If the ability of the brain to
adapt is impaired, there will be increasing oedema,
with eventual tentorial herniation and secondary
cerebral ischaemia (24). This often leads to respiratory
msutticiency (4), with reduced delivery of oavaen to

blood flow, therebyv exacerbating the existing cercbra
ischaemia (22).

Sex steroid and certain neuropeptide harmones mav
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 significanthy Jess
brain swelling in male than in female hvponatraemic
animals {16,25). Oestrogens have also been reported
ta stimulate, and androgens to suppress, vasopressin
release (26,27). Virtually all hyponatraemic patients
have increased plasma levels of vasopressin (17,28), a
neuropeptide which mayv exert multiple potentially
deleterious cerebral effects. In normonatraemic
animals vasopressin results in water accumulation in

n nine published series trom oue aboraiory comprising S47

he Drain (I8), g significant decline in brain svnthesis of

AT andadeclineotbrain pH(29,30). Vasopressin
alseimnaies the function of several important
DT e pathwavs to hvponatraemia (31,320,

Kecent studies have demonstrated that the brains of
prepunertal rats are unable to adapt to hyvponatracemia
Clo The dreater moraling with hyponatracmia - in
prepubertal rats i associated with a0 wreater
accumutation o water-in the intracelivlar space or the
Lrain than in vats belonging to other age CrOUPS, a8 well

.

asannabilion of the prepuberialbroin to exerude sodium
front brain colls. The baseline intracellular sodium
content - the prepubertal rats was greater by almost
AP than i control adult rats, o finding conststent with

3,33).

Pravious stuaies i newborn does (15,33
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There are seyveral possibic reasons for the increasod
brate intracelluior sodium in precubertal rats, The
NaoR O ATPase svstem appears to be the major carly
adavtive pathway for exirusion of sodium from brain
cobisdurmyg hvponatraensia (19340 and s
tatrment resudts i decreased ability o pump
sodium out of the brains In prepubertal rats, the brain
Na-K ATPase activity i sienificantiv lower than
that voserved in adults, both i oitre (33 and i vito
(b0l Coupled with the higher brain sodium, these
differences may reflect a limited ability o pump
sodium out of the prepubertal brain, The increased
intracellular sodium content mav be a consegquence
of hmted cerebral Na -K - ATPase function in voung
rats compared to adults. The decreased corebral Na -
N ATPase activity mav be responsible for  the
mpaired adaptation to hvponatracmia in prepubertal
rats. Testosterone stimulates Na =K AT ase activity
I rat bratn (37,38). Pretreatment of prepubertal rats
with testosterone resulted in a significant decrease
in the brain intracellular content of both sodium and
water while also reducing the mortality: associated
with acute hyponatraemia from 84, to zera (16).

Chinical effects of Inyponatracniia in
children vs adults

lf one can extrapolate the above experimental
indings to paediatric patients, then the implications
would be that children are more susceptible to brain
damage from postoperative hyponatraemia than are
acdults. The reasons include: a) decreased available
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POSTOPERATIVE HYPONATRAEMIC ENCEPHALOPATHY

roorn for swelling of the paediatric brain in the rigid
skull, leading to a propensity for brain hemiation
with what might appear to be a small decrement
of plasma sodium (39); b) mpaired ability of the
paedlatm brain to adapt to hvponatraemia when
compared with adults (°

13.37); ¢) severe svstemic
hypoxaemua secondary to respiratory insurticiency
frequently occurs in children with onlv modest
hvponatraemia (6,12,39). The respiratory
nsufhicency  1s a  consequence  of  increased
ntrocranial pressure (3).

Gomola ¢t al. have described a prepubertal (10
vears old) female child with middle tace hvpoplasia

who underwent elective maxillary reconstruction

40). The surgerv wen well and postoperatively,
she was given primarily free water intravenously
280 miv glucose in 51 mM NaCl) at a rate of 2| per
tav. The chlld weighed 30 kg with estimated total
.‘m()d(.----’-"""':*-'--*ater of 1851 On the frst postoperative dav,
htz(] td became confused and developed headache
nd' niting. Renal runction was apparently normal
n the basis of normal plisma urea and creatinine.
he plsma sodium was tound to be 117 mmol-
he  was  nitlally freated with  sodium
Lq::-plen‘u_‘ntatmn but on the H&Lﬁﬂd p(wtﬂ‘rper"}tue
v, the plasma sodium was still low at 120 mmoll
he urine and plasma osmolalities were 342 and
53 mOsm-kz AR VRI or the brain was normal.
he authors proposed  three possible explanations
r the hvponatraemia: 0 ditutional hvoponaraemia
condary to IV hivpotenic Huid: DY piouitary
wsutiiciency; <) i mp}"w[:matv secretion ot ADH.
tuitary insuffisieney was mled out by normal
Mues for ACTH, u‘:ztaml Eny roid hmnmne and
row th hormone. The . \L}l was+to 3 pe-ml Y, which
normal” but ma]_ﬂpmpnat&v- high for  the
racellular hy poosmolality (41) and is u:—-:«entmll\ a
1 Y ol fin ding in  both paediatric and adult
>sts~ rative patlenta i=13). The child received 21
T G, of hypotonic l\f fluid in the presence of
evated plabma %DH Afthough neither initial
asma sodium, urine uuh:rut or total volume of [\
uds are provided, sihven the child’s weight and
te of infusion, the plmma sodium of 117 mmold
'pears very likelv to have bt*un tlw consey me_t* Of
tention of about 3 | ofl Vo *“mttmn_ fluid oy er two
vs (6). The e\pm:-z-.«wn ll’“!ﬂL“‘E’-‘I'ﬂPI‘Iﬁtt. secretion of
JS (SIADH) was mwmam used for ult:-.ah.-:d
isma ADH related to lung cancer (42) and has

come a catch all term tor mrtu.ﬂl]y any patient with

vated plasma ADH. [n particular, pustoperative
ents as well as those with heart failure or hepatic

998 Blackwell Science Lid, Pacdiatric Anaesthesin, 8, (=4
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drrhosis have elevated plasma ADH levels but are
functionallv hypovolaemic as well (41). Postoperative
subjects are tunctionally hvpovolaemic, so that the
erm SLADH mav not be appropriate in this patient
(11). There is also a perception that ADH, and by
association SLADH, can somehow lower the plasma

Ssodium. Although ADH leads to increased retention

or ingested or infused water, in the absence of
increased water intake, ADH by itself will have no
efiect uponthe plasma sodium. Thus, the most likely
S\} “-*lanatmn for the hvponatraemia in this patient is
infusion of hvpotonic fuid (51 mM NaCl/280 mM
glucose) imthe presence ot 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
any steroid replacement therapy. Eractly why the
pasma sodium rose rollowing 1V hvdrocortisone is
uncertain, but may have been related to the expected
decline of ADH values to normal after four to five
postoperative davs. Pituitary- insufficiency is ruled
out by normal values for ACTH, IGF1l and growth
hormone. |
"’*'s'm]_vttt:tﬁatic postoperative hyponatraemia carries
a mortalitvofat least 1370 (42), particularly in children
and whpzmtm\ arrest is a fregquent occurrence, out

once  this complication occurs, the . morbidity s
suestantial 16,7) There is no obvious rationale for tne
administration ot u*pntonic Tuid to a postoperative

catent, undess the individual

r < nvpernatraemic (=),

|t the patient becomes sv mp umatu_, therapy with

nhul tonic NaCl is mdu.Jtu' ), The syndrome can
wnm\ :.mtn.}d by administrazion or primariiy sotonic
{"ILIICI‘*« to pmtwpu rative patients.

Acknowledgements

CSupported by a arant ROL AG 08373 from the

National Institute on Aging, Department ot Health
and Human Services, Bethesda, MD, USA.

References

boAvas G Vet sE Brain _i‘isu.n_:,u and nesroperadve
PV PO atre Mg Rovde o zender, foe sy Tovas; b 225-300.

Aeun 1O *‘\ drorer DAL et AL 11"'"-“1LLI ive Bvponanemic
Chce h.,mmam T wenstruant women. e fnferi NMles? 1992

11 HUI--‘-}‘-’ |

s jC, \;i‘h oL ulmonaey compiications of hyponatrenie
CIe r*lh..ﬂm:‘-'ﬂﬂu \}:.tﬁmrdin”tniL puimonary  edema and

[mermpr‘uaruaptmtur\ tatlure, Cliest 1995, 1070 317321,

4 Arieft Al Flypnnatremia, convulsions, respiratory grrest, and
permanent brmin Jdamage after elective surgery in healthy

WETIEY. Nt Fffff [ Vhud 1986 374; [R249-]335,

..__l )

Coe

UTv




*J

¥

o n

1

14

L

e Bl

FJ
£33

A.]. ARIEFF

sreele AL Gowrishankar M. Abrahamson S ¢t g/, Postoperative
hyvponatremia despite  near-isotonic  saline infusion: A
Prenomenon of desalination, - firezis Mes 1907 126: 2003
Arield AL Avus JC, Fraser CL Hyponatraemia and death or
permanent braim damave in heatthy children. frit Aled [ 1292
304: 12181222, '

Cowlev DM, Pabari M. Sinton Therad Tathogenesis of
pt"ﬁliipt‘rdii\.'t‘ h}fpunatrnvmia fﬂ”t‘lwin;_‘: COrrection of scodjosis
i Children, Ausi N7 [ oure Juns: 38. 483
Varavithva W, Hellerstein §. Acute sVMptomatic heponatremia,
I Podiatric = 19600 7T 209-2583,

Grushkin AB, Sarnaik A, Hyponatremia: Pathophysialogy and
treatment, a pediatric perspoectives Medier Nepinrad 1agds g,
2N0-284,

1! -
b Y
* L]

Burrows FA, Shatack |G, Crone RK. lnappropriate SUCTetion of

antidiuretic hormone in @ postsurgical pediatric papulation.
C-"f{ Care Ay T1983: 11: DTS5,

hdd Ba. Haveock GB, Dalton N ool al Hyponatraemia in
pPremature babies and tollowing surgery i older children., Ack
Pacdiatr Scand 4987: 76 385343,

hadd BA,_Ha}.jcqck GB, Dalton N o1 p/) Antidiuretic hormone
tolloving surgery mochildren, Acta Pasiiatr seand 1990, 79;
409 ] —dvf,

Brazel 'W. McePhee [B. Mappropriate socrotion of antidiurctic
hormone in postoperative scoliosis pationta: The roje o P
Management. Spue fova: 21, 7o

Kosenthar NMH, Ariofi Al Fluid and electrohvy thorapy in
surgical and postoperative pattents. Cue Opopor: Cric Cne
1995 10 Jpo—T |
Nattie EE, Edwards WH. Brain and Csf water i newhorn
Pupbies during acute hypo- and h}*mrmtrunwrin. DA Phiesio
TUS3: 510 10861091, |

Ariefi Al Kozniewska E, Roborts T oot al. Age, gender and
Vasopressin affect survival and brain adaptation in rats with
metaingijc enmphalnpath}: A l"!':y::fﬂf VSR 268 (Reg Dnlegr

Loy Physiol 37) (5); R1143-R 1 152,

Anderson R, Chune HM. Kluge R ¢f nl, Hyponatremia: A
Prospective analvsis of its epicdemiology and the pathogenetic
role of vasopressin, Aun hifern Med T983; 102: 1ad-168.
Rosenberg GA, Estrada E, Kyner WT, Vasopressin-induced
brain edema is mediated by the \'] recevtorn sl Neurod
1990 520 1499154, '

vexter ZS, Avus JC, Roborts TPL et al. ischemic or Ny poNic
hvpoxia exacerbales brain njury associaied with metaboli
encephalopathy in laboratory animals. [ Clin Tizest 1994; 93
230204,

Melton JE, Patlak €S Pettigrow KD of al. Volume regulatory
loss 0f Na., C1, and K from rat brain during acute hvponatremia.
Ane | Phusiof 1987 232 (Renal Finid Elecirolve, Physiol 1 I
Frol—Fany, i |

Gur RC, Muzlev PD, Resnick SSM o o/ Gender differences in
age etiect on brain atrophv measured by magnetic resonance
maging. Proc Natl Acad Sei USA 1991 g8: 261510
Kozniewska E, Roberts TPL, Vexler 78 ¢t g Hormonal
dependence of the effects ol metabolic encephalopathy on
cerebral perfusion and OXVgen utilization in" the rat. Cire Res
1993; 76: 551-538.

Faraci FM, Mayhan WG, Heistad DD. Etfect of vasopressin on
production of cerebrospinal fluid: Possible role of vasopressin
(V1 J-receptors. Amer | Plysiol 1990: 258 (Reg Integr Comp Physio)
27} R94-R9S8. .

Fraser CL, Arieff Al Fatal central diabetes mellitus and
mnsipidus resulting from untreated hyponatremia: A new

-Svndrome., An Intern Med 1990; 112: 113-119

UTV

[
‘A

-JJ
b

+}

+1

Accepted 4 June 1997

--r-I .rl ¢ 1 |I I"II- "1.?r
- L, . '{;‘;“ :-’-."'A"‘.-" ||1-r_ jrq.' Jr"
- - red g2 it H
P - -, E‘: .':‘FJ"""-- -13_"'1 el
N el | ! . e S )
RS T 3 By il
+7 o '__ "',:"'-'h. "JF{“'—"_"‘TI‘.II'
. - T
- -._.p-l-_i-.-q:.l"l-. -'-ill""h.""'-r.-.-'
4 .‘_'jl' —r J'!-*-.,—rf r it
L. . l.l-ﬂgx—_i_

'ﬁ.hJ“

1y .
.:';-?"_.-.h"l- =Fit
. .

Vexler ZS, Roberis T Duorugin N et ot Adaptation of the brain
Lo hvponatraemia in teeo different species: Effects of Semder,
A0shracis Se Nl 1Wa4d: 24 {in PIess).

ARaishi T, Sakuma Y Estrogen-induced modulation  of
hypothalamic Dimaoregulation in female rats, Amer [ Ping=in
1990 258 (Res Intesr Camye Phisio! 275 RU24-Ryu |
Stone 1D, Crofton T Share L Sex differences in contedgi
adreneraie control of Vasopressiy relcase, dner | Phiesio) Juse:
257 RIQ40-R s,

Ceross PAL Pehirisch H. Raschor W cladi. Pathouenesis of cipien)
hyponatrenua: Observations of vasopressin and Nuid imtake in
0 byponatremic medical patients. Lur | Clin luvesi 1987 17
125-124,

" Fraser CLL. Rucharc vk J, Arictl AT o7 a2’ S ditferences. resyll

N increased morbidity from hvponatrentia in fomale ats. L i

1 Pliysiof 1usa: 254 (Rew tategr Comp Pliusiol 23): RESO-RERS,

Adler S, Simplaceanu V. Effect of aculte hyponatremia on rat
brain pH and rat brain butfering. Amer |" Pinsiol 198u: 134
URenstl Electrol Phusiod 2350 F113-F11

Nanda F Aricfl Al Asopressing inhibits
SOTIUM CIluN sy stens in ras brainsynaptosomes, e | P
POl 266 (Reg Do Comip Prgzios 3515 RYFed=R)IT3,

Nanda FoSarnack? I Arieff AL Arrial natriuretic peptide inhibits
thie: amelioridesensyve sodium-hvdroeen eschanuor i par
brain, camer | Pinzios 19920 263 (e Latessr Compe Pingipl 30
NS Nk

Widdowson ENL Dichorsor PVTO The offeer of aronvth and
function on the chemival COMIPOSEHON of sef) Hasties, Biochn o
| 1hol: 77, 3013, .
Fraser CL, Sarnacki [Y Na K ATTase pumpe function in maje
rat brain synaptosomes is differen’ mrom Hha of Females, iy
Phusiol 19891 357 (Fndocr Metal 0% E2S4-E289,

Matsuda T, Shimizu 1. Baba A, Postnatal change in o Ca® -
mediated decrvase in (Na < K FATPase activity in rat brain
slices. Brain Res J992 572: 3492357,

calctum-coupled

Hnna RR, Uzodinma [E. Desaiah L. Age-refated changes in rat

brain ATPases during treatment swith chlordecone, | Toxicy
Eoviron Healti: 1989; 27 1902308,

Guerra M, del Castilio AR, Battaner Ee! al. Androgens simulate
preophc area Na =, K- ATPase activite in male rats. Newrose
Lett 1987 78: 9,=100,

Fraser CL, Swanson RA, Female sex hormones inhibit volunme
reguiation in rar brain astrocvte culture. Am | Phusiol (Coil
Pinsiof 361 1994; 267; C90u-C914,

Sarnaik AL Neerl K Hackbarth R of ol Management or
hvponatremic seizures in children with hvpurtonic saline. A
sate and effectiyvi: Strategy, Crii Care Med 19915 19: 738-700.
Comaola A Cabrol S, NMural L. Severe hyvponatracmia after
plastic surgerv in a wirl with cloft palate, medial facial
hvpoplasia and arowth retardation (case report). Pacdio
Anacstl 1998; 8; pti-7].

Schrier RW. Pathugenesis of sodium and water retention I
high-output  and low-output  cardiac  tailure, nephrotic
svncdrome, cirrhosic. and pregnancy. Parts T and 2, New Enel
Muod 1985; 3190161 1065107 and 1127-1134.

Bartter FE, Schwarts WB. The syndrome of inappropriate
secretion of antidiuretic hormone, 4 [ Mo 1967; 42: 790-506.
Fraser CL, Arieff Al Epidemiology, pa tlu:-ph}-‘ﬂifﬂﬁg}' angG
management of hvpopatremic encephalopa thv. Am | Med 1997
102: 67-77,

O




