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Introduction

In the United States, there are an estimated 15 000
deaths per vear as a consequence of postoperative
hvponatracmia (1) (Fieure 1), There have been 3

number of recent studies which have described

postoperative hvponatracmic encephalopathy with
death or permanent brain damage (2-6). From these
studies. it appears that brain damage associated with
encephalopathy

postoperatine  hvponatraemic
primarily - atfects  menstruant women (1) and
prepubertal children (o,
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Effects of hyponatraeniia on He paediatric
central nervous system

Nattie & Edwards (15) studied the effects of acute
Nvponatraemia on the brain of puppics. Thev round
hat acute lowering of plasma sodium tfrom 140 0
120 mmol-l * resulted in severe hvpoxaemia (arterial
PO, tell from 11.4-6.9kPa (88 to 53 mmHg)) and
cerebral oedema. In contrast to adults, the brains
ot pacdiatric animals (three dav old puppics and
nceonatal rats) were unable to adapt to hvpo-osmotic

<tress by extrusion ot catton {(i3,16).
.-\ddptdt'{m ot the brain to hj,'pmmtm MG VCCUrS

as a conseqguence of the tollowing sequence ot events.
Birst. hvponatracmia leads to a movement of water
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e Dram cetls as a result of osmotic forces. In

addition, vasopressin which i usuallyv elevated in

* ]

1 . : 3 - I = \ - - 1 "iLi t L] * = » * -
I!"EL‘ BRI IR F A A pm‘;.slt:m::':m }"‘-ﬂzi’!t_";w Pt R T

+*

to g direct moavemoent of water into brain coellis
nacpendent o the oftects or Dyponatraemia {18y

! ' l‘l. B 1 - l b
- LIPS = g+ 1 - " ;. + . -, -!. Y I - b :‘ " rl-"|-I - _'.: Ty . ™ » IL_.- - T Y - "'.__
' ' ;'l 2 4 Hf"“llr“!-‘t. wlr il-}.!._ L..\IL:EII ut' L“:IH PoL - ‘r'!’--r"..'LiL.:E D
! - b

! h T
e ..o '\-Int-nl N
' [

1 - 4 T b ] .!r 't
: o4 ! TEEAR TS : B, : ' | .
ARSI LR W TN R T ' SR Py Y i AT ST

m..‘vrcl‘n'a’v:-lg:*izml i: Llid, .FU”UH'CL_'I 5_‘*_\ :,'\.tI‘LI:-‘-iL“*ﬂ Uf r-ltﬁt.‘IiL!!‘:l

from bram coells by oseyeral i_‘mti‘ma}'ﬁ (19). Lows of

., 1

L Py o=y -
Pl il

; .
™ L L |
R B

DOLASSIUNT A1 DOSSHYIV QS GiHC os

IO N an attempt to Joecrease Bram cell -.HI’HE‘*'J'H_‘:

' ".‘

wothout a wam of water 261

E!‘ﬁl‘fﬁ H/L- f!r*.?'FHtWL‘H Jind J:’_?jr'[fi‘:r;L‘if!-_/L;FL‘JEL[”'?: (1
birarn adaptation to lryponatraciiia

Fhere = o signhicantly higher intracellaior bram
water contentin prepubertal rats m comparison with
adult rats. suggesting that the brain occupies a greater
corcent of the avartlable mtracvanial volume in vouny
fats (iok Such physical factors mav be important
determinants ot outcome in hvponatraemic rats. As
individuals age, there 1s a progressive decline in the
volume of bram, while skull size remamns constant
i oadult hite (21 Thus, elderiv individuals ot bhoth
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N nine pubbshed series fromy our Laboratory comprising 84

hospitalized  patients with posioperative hyvponatracmia, 197

(1388470 deveioped hvponatraemig encephalopathy and T
doveloped permanent bram damaeee or dicd. The maior rish factors

gAesociates vt perianes prait atiase 1 these T Patnends
with hvponatracmic encephoioeathy are shown, Mot abients
el suftered an hvpons epssede boecause o Dalure e it
active theraps o timely manner e 200 o pationt- <afiering
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was imprhicated m the cuicome

aoenders have more room in the rigid skull for the
orain to expand than do vounger ones. This finding
1S MOore marked i males (211 "

lf adaptation of the brain is not adequate, Dressure
of the swollen brain on the rigid skull leads to a
decrease i cerebrai blood fiow {22) and cerebrospmal
tlurd production (23). If the abilitv of the brain to
adapt is impaired, there will be Increasmyg oedema,
with eventual tentorial herniation and secondarv
cerebral ischaemia (24). This often leads to respira torj;'
insufficiency (4), with reduced delivery of oxveen to
brain because of the further decrease of cerebra.
blood flow, thereby exacerbating the existing cerebra
1schaemia (22).

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

animals vasopressin results in water accumulation in

the bram (18). asioniticant decline inbrain svyinthesis of

AT 29 and adecline otbrain pH (29,30). Vasopressin

alseimpairs the function of  several important
aaartive pathwavs to hvponatracmia (51,32).

Recent studies have demonstrated that the brains of
Prepubertal rats are unable to adapt to hvponatracmia
Chor The greater mortalinv with hvponatracmia in
prepubertal rats s assoaated with a greater
accumulation o water v the mtracellular space or the
bram than m rats belongmg to other age groups, as well
d= 1 il‘mbilif} of the p!'UPL!hUI‘iJ] bram to extrude sodium

from bram cells. The basceline mtracellular sodium
content i the prepubertal rats was areater by almost
S0 than i contro! adult rats, o .f'ir*ldin; constsioent with

previous stidies in newborn dogs (13,33),

Liechenncal arfterences i pacdiatric ve adilt
Draii et hgpoiatiacini

There are several possible reasons for the imcreased
ot intracetiulor sodiumy o prepuberial rats, The
Na SR ATPase svstem appears to be the major carly
adaptive pathveay tor extrusion of sodium from bram
coli~ during hvponatraemia (154 and s
mpatrment resuits oy decreased abibitv to pump

L.

~sodium out ot the bram. In prepubertal rots, the bram
Na -N ATPase activity s significantiy lower than
that observed i adults, both 7 ttro (33) and i 2ivo
(36). Coupled wiath the higher brain sodium, these
differences mav retlect. oL bimited ability to pump
sodium out of the prepubertal brain. The increased
mtracellutar sodium content mayv be a consequence
of mited cerebral Na '-K 7 ATPase function in voung
rats compared to adults. The decreased cerebral Na -
K= ATPase activity mav Dbe responsible for the
impaired adaptation to hyvponatraemia in prepubertal

rats. Testosterone stimulates Na -K - AT Pase activity

mn rat brain (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 trom §4°. to zero (16).

Clinical effects of hyponatracmia in
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 | >welling ot the paediatric brain in the rigid
skull, *  ng 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 (13,37); ¢) severe svstemic
hypoxaemia secondary to respiratory insuftficiency
rrequently occurs in children with only modest
hyponatraemia (6,15,39). The respiratory
insufficiency is a consequence of increased
intracranial pressure (3).

Gomeola et al. have described a prepubertal (10
vears old) temale child with middle face hypoplasia
who underwent elective maxillary reconstruction
(40). The surgery went well and postoperatively,
she was given primarily free water intravenously
(280 mM wlucose in 51 mM NaCl) at a rate of 21 per
dav. The chlld weighed 30 kg with estimated total
b 7 water of 18.51. On the first postoperative day,
t- ~ child became contused and developed headache
Jo.uvomiting. Renal function was apparently normal
on the basis of normal plasma urea and creatinine.
The plasma sodium was tound to be 117 mmol-1-"
She  was Initially - treated  with  sodium
supplementation, but on the second post-operative
day, the plasma sodium was still low at 120 mmol1
The urine and plasma osmolalities were 342 and
255 mOsm-kg . An MRI of the brain was normal.
'he authors proposed three possible explanations
tor the hvponatraemia: a) ditutional hyvponatraemia
secondary  to IV bvpotonte thaid: b)Y pituitary
nsufficiency; <) inappropriate secretion ot ADH.
Pitutary  insutficiency was ruled out by normal
values for ACTH, cortisol, thvroid hormone anc
crowth hormone. The ADH was 4 to 3 rae-ml , which
s ‘normal” but inappropriately high tor the
cvrracellular hvpoosmolality (41) and is essentially a
L. ersal finding in both paediatric and adult
p/ Operative patients (v ~15). The child received 2|
per dav of hypotonic 1V fluid he presence ot
clevated plasma ADH. Although neither initial
plasma sodium, urine output or total volume of IV
Huids are provided, given the child’s weight and
rate of infusion, the plasma sodium of 117 mmol-]
appears very likely to have been the consequence of
retention of about 31 of IV hvpotonic fluid over two
days (6). The expression inappropriate secretion of
ADS (SIADH) was originallv used for elevated
plasma ADH related to lung cancer (42) and has
become a catch all term for v1rtuallv any patient with
elevated plasma ADH. In partlcular, postoperative
patients as well as those with heart failure or hepatic
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cirrhosis have elevated plasma ADH levels but are
tunctionally hypovolaemic as well (41). Postoperative
subjects are functionally hypovolaemic, so that the
rerm SEADIH may not be appropriate in this patient
(11). There 1s also a perception that ADH, and by
association SIADH, can somehow lower the plasma
sodium. Although ADH leads to increased retention
of ingested or infused water, in the absence of
increased water intake, ADH by itself will have no
effect upon the plasma sodium. Thus, the most likely
explanation for the hvponatraemia in this patient is
infusion of hyvpotonic fluid (51 mM NaCl/280 mM
glucose) in the presence ot the expected postoperative
increase in plasma ADH. Adrenal insufficiency is
ruled out by the normal plasma cortisol and the fact
that she remained normal for six months without
any steroid replacement therapy. kaactly why the
plasma sodium rose following iV hydrocortisone is
uncertain, but may have been related to the expected
decline of ADH values to normal after tour to five
postoperative davs. Pituitary insufficiency 1s ruled
out bv normal values tor ACTH, IGF1 and growth
hormone.

Symptomatic postoperative hvponatraemia carries
a mortalitv of at least 157 (43), particularly in children
and respiratorv arrest 15 a trequent occurrence, but
once this complication occurs, the morbiditv s
substantial (6.7). There is no obvious rationale tor the
administration ot hyvpotonic fluid to a postoperative
patient, uniess the individual is hvpernatraemic (14).
If the patient becomes svmptomatic, therapy with
hvpertonic NaCl is indicated 139). The syndrome can
pe orevented by administrason of primarily setonic
luids to postoperative patients.
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