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Creane fabienin| inlerest and motivaton in mproved
centrol and would no add greatly to total direct costa,

The need for inpattent admission should also be

considerad carefully, especiaily for newly presenting
patients. Wherever possible admission is best avoided

if the patient and family are able to recetve initial daily

outpatient education and supervision.”  Patients

should be admitted only if they require nursing carc or
circumstances do not permit easy attendance at out-

patient clinics. Admission rates for diabetic patients in
Tanzania are six umecs higher than in the general
population.’ When patents are admitted careful con-
sideration shouid be given to the need for investga-
rions. Testing urnine four times or more daily for

cxample, may be unnecessary if bleod glucose concen-
trations are also being measured. Consideration should
also ke given to the perted of admission since patients
~are often kept in the wards s
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Corective—To  delermine
causes sermanent dramp damage @ !
and, i so, if the disorder s ori
ﬂ*n.ncb as 9Ccurs in aduils.
— Proseective ¢hnical
:11}{.:':1: d children and a review of 24412 consecutive
surezical admissions at oae nedical centre. |

Puaticnis—156 children (nine male, seven famale;
aze 7(SD 3) vears) with generaily minoriilness were
ciectivelv nospiialised !'or srimary care. Consultation
w¥as obtained for the combination ol respiratory

Test cwith symptomatic hyponatracmia (serum

scdium concentration = 128 mmaold). | |

Main outcome measures— Presence, gender dis-
tribution, and classification o! permanent brain
damage in children with symptomatic hyponatrac-
mia in both prospective and retrospective studics.

Results— By retrospectuve evaluation
:nce of postoperative hypenatraemia among 24412
patients was 0-34% (83 cases) and mortaiity of those
afflicted was 3-4% (seven deaths). In the prospective
ropulation the serum sodium concentration on
admission was 138 (SD 2) mmol/l. From three to 120

calthy childrer

inpatient hours after hypotonic tlmid administration

patients developed progressive lethargy, headache,

nausea, and emesis with an explosive onset of

respiratory arrest. Al tie time serum sodium
concentration was 115 (7) mmol/l and artennal oxygen
tenston 6 (1-5) XPa. The hyponatraemia was pni-
marily caused by extrarenal loss of electrolytes with
replacement by hypotonic tluids. All 16 patieats had
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in orevious studies ’ ,{
desen 'I‘Lu the symntomatolegy. clins cal course, c‘“
ol

-n‘l

treatment, and pathetegical dindings in Mo B¥E
225 adudts (aged over o: Spomakc By peT; h....'f.. 3
natracmia.' Although the actual .nm.t..ncﬂ of hﬂ’" f' '
natraemia seems to o ve simular among
women,'” almost all adult nattenis nulﬁ.rln"

natracmic brain damage are women. Al nousﬂ b—-"’?g“
dre A 'mmbt.r of rc“nrt:.u puumntrm CASES of | ﬂ' e'
natraemni,'™" there are few reported cases of death ‘ _{‘
permanent brain damage among children with 1 , T
disorder, " and most such children had pre existt f;{f . Jedil
neurological disorders.”” Netther the gender GRY ;:*
bution nor the incidence of brain Ll.lm.ljgf o g A
children with hyponatraemia is known. 5" A55- e
children suffering brain damage tfrom hypots : .
netther the type nor the gender distribution 1$ K2 gL
We describe both a prospective and 3 retreF™ et AN
analysis of generally healthy children who were € .
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ively hospitalised. Sixteen children who developed
severe symptomatic hyponatraemia either died or
suffered permanent brain damage. Unlike the situation
in adults, both males and females were adversely

affected among these children.

Patients and methods

Prospective studies—Over a period of six years (1934-
90) we were consulied about 16 previously healthy
children (aged under 16) who had developed sympto-
matic hvponatraemia and either died or suffered
permanent brain damage. These 16 patients were seen
in consultation from five teruary and nine community
hospitals. The age of the children was 7 (SD 5) years

(range 1-5 to 15 years), and the gender distribution was -

nine males and seven females, The mean weight was

23-8 (12-9) kg (range 10 to 52 kg). Symptomatic

hyponatraemia developed within five days of admis-
sion to the hospial. | R
E pidemiological studies — We retrospectively studied

all surgical admissions to a 456 bed tertiary paediatric
university teaching hospital over three years (1989-91). .
The Tecords of all pacdiatric (age under 16) surgical

patients were evaluatgd for those who had postopera-
tive hyponatraemia (serum sodium concentration 1238

“emesis. All such symptoms were generally u'nff' f

L F Lroie A ) [ SIS = il ; S == L e T T L ¥ . -
T o e AN TR SR L A S T o LA SR Sk Y
= . . e - L . b PR N . L. =T ' Soenopt kLt - i) T - - - e . - . . - - N B e -0 - . H .
e T R N AN T el SR R R e O AN
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are presented as means (SD). Symptoms were ot

known in three patients, who were either too young
(less than 18 months) or intubated and thus unable to
vocalise any complaints. Of the remaining 13 patients,

11 had progressive lethargy, weakness, nausea, and -

emesis and 12 had headache. All patients suffered
respiratory arrest after a mean of 37 hours (range three .
to 120 hours) from the start of intravenous fAuid =

‘administration.

CLINICAL COURSE

At admission the serum sodium concentration was
138 (2) mmol/l. As early as two hours after starting

hypotonic fluid administration those patients gblg

communicate became progressively more lechaligigid,

complained of headache and nausea, with subskiigents:

sive to conventional agents (phenothiazines cand

suffered respiratory arrest, at which time the serurfi -
sodium concentration was 115 (7) mmol/l and’ uripe
osmolality 676 (66) mmolkg. This level of urine
hypertonicity in the presence of hyponatmcnii’i-;szﬁéé
gests that the plasma antidiuretic hormone concertra: -
tion was raised.” The onset of respiratory arrest wis

often explosive in nature, and hyponatraérﬁ?a*fﬁﬁé
generally not considered as a possible cause. o
 Immediately after respiratory arrest but before
‘oxygen  administration -or intubation the artegial
oxvgen tension was evaluated in 11 patients and was
6-0(1-5) kPa. During the 37 hours between the uriﬂ.ol' |

nmobl or less) and the number who either died or
suffered permanent brain damage as 2 result of the
hyponatracmia. The cpidemiological data were gener-
ated by computer search of the hospital records using
the SAS database®™ 1o obtain intormation vn all pacdi-
atric surgical patients who had a postoperative serum.
sodium coneentration ot 125 mmol/l or less. There . e
were 24412 conseeutive inpaticnt OPEruions over the  venous fluids per kg dailv. Urninc output was 34 (34Pm Fo

three vears ended 31 December 991. [n addition, we kg per day and other fuid fosses averaged 23\23)ml/k§
per day (nasogasiric suction, n=2; cmesis,: n=10
3

. . . " A T .
admission and onsel of respiratory arrest lht:_ atetiey.

ol L -

A ."r-_.-i

“had received a mean of 125 (83) ml h}'pumni{‘;_;;'-.

' ~caleulated an approximation of the incidence of hypo- _ 1= 105
natracmic brain damage in children in the United cercbrospinal fluid dranage, n=l; not charted, n: )
~ Srates from our epidemiological data plus a statistical  with mean nct outpit of 74 (82) ml/kg daily and!net

~ Jdatabase from the medical literature.”™ . ~ positive fluid balance of only 27 (14) mi/kg per day.
| - Hyponatraemia in these children was thus largely due

w extensive extrarenal loss of electrolyte contgining
fluids with replacement by hypotonic fuids. Mostof

~ the intravenous fluids were administered as 280 mmot
glucose per litre either in water or 1 sodium chloride
38 mmol/l, but the plasma gluvose concentration was

Results |
STUDY PATIENTS
The table shows the chinical circumstances which
resulted in hospitalisation of the 16 patiens. All data

ileal characteristics of 16 children with semptomali fivponairacmig o | .
._" x 1 . .

N —--—

e n -y e - 4 - - -1 = - [ — ]

R |
LS. [ iraneon of

'-‘.

R -. - Scrum sed gtaam L LAV OIS | + N o
e ?'Gmd“ (mmold) Tud et o ' | | | e R
.mnd age  Weight e LERGLETICTAL Nt flatd oLl | Respiratory  Freatment alter CEL L
“' ‘F"‘) (kg) Inttal - Lowest Y inake vl ke ol ke * Clancal history Flospital provedurnes SEre PCSPICIY arres l:liniuﬂl'm't”ﬂipi_i;'f o
-.’1 ,M 35 2:27 139 114 36 RETH ) fFever, d}'ﬁphugiu; Antibints # s Yo 154 M sodiun, Vepetauve, R
i phary g, fonsilitis . vhinnde quadriplegia® =~ ¢
r FS 13-0 141 121 14 iy 12 Toasithts Tonsitlectomy Yus N Dhied B
e F4é 18-2 ) 34 TS 2 {14 N Fomatlin Tonsillectomy Yos N - Dhcd
3 ,_H 15 446 134 10} 73 }ed 73 Fever, doaphagia, Antibiotics +tunds Yos 154and 314 M Asprration
L pharypgitis, tonsillus | sudium chlorde preurhonis, sepsis
- T _ Jied o
a 3-S5, 15-0 118 121 Y 61 3 Tonsitlis | Tonsillectomy Yoy N gre Dicud N SRR
gsF12 18 137 120) 33 §7 11 Litbow fracture from Sciting of fracture Yes  StAmMsodium  Ambulatory, mental
~ | car accndent chlondes retardation. .
iR | intubation o
) M4 164 139 BE: 27 109 g8 Elbow fracture from fall - Setting of fracture Yos None Dicd
S 1« i 100 137 113 ¥ 300 NA  Stricture of urcthra; Ureshral dilatation;. Yes  Nono Dicd
e+ o . | | tonsillits tonsillectomy -
l__S 10-6 37 {14 {20 283 253  Hydrocephalus  Ventriculoperitonval —Yes None Vegutative
" - - shunting
. il 27:0 137 |20 3. 79 NA  Fractures froat car Operative sctting of Yos None Vegutative
s - _ | aceident [ractures | - o
; gs . 32:0 133 102 94 X7 §7  Fractures from car Operative scrting of Yes 1S4 mMsodium < Vegetative and blind
e | acvideat feactures | chiuride; SR
B 4 - | | wniubation _ L
1% 168 138 107 l6 33 56 Tonsilhus Tonsillectomy Yes  None Dicd ST
EM ¢ 11-4 138 116 3 }23 NA  Undescended tesucle Orchiopexy * Yes  Donc Died R
f 'u" 15-0 138 1Y )2 40 11 Scvere epistans Posterior packing Yos None Dicd - T
hes - 42-0 137 123 19 34 9  Fever, appendicitis, Appendicectomy plus Yes None Dhed
;-'" ruptuced appendix drainage |
ol 28-5 i34 - 116 Héb 113 © 72 Preumonia Antibiotics +thunds Yes  Nonc Vegetative
g s 238 115 37 125 74 o
Ny 20 z 7 34 X3 32 L
& 32 1 2 y Y 24 NES

; .
i‘ ‘! — pn———— L] " - =1 — - m s iR m v R - el =S - rerrty = - w-wr— 1 e m . nam - = b - il - — - -y e =AFE-

E =

, Bastric drainage Foerehrospinal tuind, NA - Nt avatlabie,
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BvRGionic recornk fnohene
serum sodium coneentraion

from 114 6 mmoll 10 164 mmol/] and the shucose
~eoncentration (o 311 mmoll, None of lhuc paticnts

had been treated for their hyponatraemia.

S0 paiients the mean

OUTCOME

All 16 patents either died or suffered permanent
brain damage “tablej: one was mentally retarded, 10
died, and five were in o persistent vegetative state
which persisied for follow up intervals of at least two
vears. Twelve satients received no ﬁpcciﬁc treatment
{or therr hyponutraemu. Of the..m. nine died and three
temained in g persistent  vegetative State.”
patlents were  cventuallv truului with mlmwmux
sedium chl nr:Llc i >4 and 314 mmold ftable) such that
B sertyim sed:um cONCCHI! ron VLS lflLI’L.I‘»Ld ll‘nﬂ’l
FOS 9. 10 135 4 mmwellin -4 2ours. Theaverage delav
'.u S AN AT ArDob brentiment was eighi
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Among 2432 poediatric suraical admissions to a
420 Ped wmveraty pacdiairic hospind there were §3
340, who hyvpomatraemia.
Among these, seven s 8:3% - died of complications of
¢ DBvponralmiemi. -\":‘mnﬂ the seven deaths, four
were in bovs and three o eirls. Hence the incidence
was 240 cases vi' Paediric postoperative hvponatrae-
i and 29 hvoenaraemic deaths per 100 GO0 inpatient
aperations  on ‘..nldrnn There are 2-02° mullion
puudi;uric Inpationt operatons a vedar in the United
States. ™" The esumated vearly incidence in the
U mmd States is T448 cases of p.h.d:.llrh. puatupcmll\' >
hyponatraemia, with 626 such hyponatraemic deaths
in children. The most common inpatient operations on
children in the U nllr....l States " are 1o the mm.., motth,
~und pharyax P70 digestive svstem (1770 muscu-
loskeletal svstem ,.5 oYy and nervous a\'xh..nul_%" 1), of
which 43" are pertormed in girls. This was essentially
the distribution in our series. in which 9% of
operations were i these tour groups and 44% of the
panents were ieatuie  able,

ARTETAEoREN du*'ctnm‘d

'II

l

-'I"

RF - FAMILY

PR e e 0.0 100 Rt Y e N T Sy e TRy & e
: 3 5 ot

T [

O -'.a-irhnm IrC'lImcm} |

Four

Cwnich can nnpane the ';1‘;-=i[:I.

defictey

R DL R2

Rgoper dayomn ado s o 23 'mL kg per Eat
_::'xf,‘;i. i'} ‘-'}“l o "!"_ ‘_;E;:r{‘ h. duCﬂd ]c“ ;:ﬁt
m" "~ f 1 'H;nu. :*‘i w Ly L. hdtmc thds f
L hyg 1:.. I :;:m:.:r‘h ¥ ::_._.,! AT tf RERA l"t c]ec(ml}
| :-'.‘I.':‘.'..u' pediive MNangor o SASATEHT I nmdcm {
n..' ¥ vy \-i‘i_.lr”_ILIHI_.!. . BE .L il IﬂC!Of t‘l‘ '
cueosave conintbired o the 11:.:!1 I“‘Inl‘"‘ldll"j : L, ﬂ
"::.:'.i:_\.i‘:iin.’ru'l was the victual absence of 3 j:# 5*_
4

i-"-‘*fhfilfn'l*- inoshis Puticn pnnm.i on were sm:ﬂ#' g

- developing hy ponitiracme Lm..aph.ﬂopalhi’ (M5

hy ponatracmia seemed (o prcd;u the u]umn[t o1 -- o

Cdamaue, e -

I.-F w'}“pﬂf'

L Y !
'l" L T 41 LI

-
P
- ,
. . . . -milla - r= .. - r ._ . ..‘Iulu . ;
v ._!' b or o, L R » - » ] . i DN F ‘_'"+ '_- "“_.' -'-."-" - }'.\.l_uill L :" 1t A
. . . a ] . . F'} ] . . - ‘_-\-l_-.-!_' l"Jl: - by " . ‘1': ) . ‘. '
i "R ol SURE LA B . . I TN e, L T L P - - ' 3
sdas 1R r ' I. ' ;L I_,'.I" E: r'ilil-} ,1_.'!',__!_'!-.- - kAR ¥ 5 AR RS s
. E . . . . e . : S ML ] g

{r L.EL .H?r} Ht_,ruhlnl.nl i !'l i Jdmdhc Th d
bram Jaimage can include A s
resultant central diabetes lmlpldus I|Lzum

ﬂt‘l

syndrome nol previously described In chil

incidence of ptmupcrdlwc hYPOﬂatmem,a X j LT
(0-34%) was less than in adults ( 1-49% "‘""_‘____' -
-among paediatric patients who dt:velom B .
hvponatraemia the incidence of 'i B
dumage was substantjally higher than mmt' . 3"“"*‘-‘,
Both the types of surgery and sender djs P
among our 16 patients (1able) were the Sare as
common operations and 1,t."ld{.r dlsll’ibuuon“ ,-
Lnited States as a whole,™ and: thug OUL 16 et N
were representative of the spcctrum nf e[ecwc' _i:—
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EFFECTS OF PHYSICAL FACTORS | C

When hyponatracmia was present all 16. ”*.
had radivlogical evidence u.umpuh.d [
magnetic resonance  imaging) of - cerebr® 3
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whereas at necropsy nine of 10 evaluated had cerebral
oedema with herniation. These findings show that
adequate adaptation of the brain to hyponatraemia had
not occurred. There are several unique characteristics
of the paediatric central nervous system which may
impair the ability 1o adapt to hyponatraemia. Such
characteristics may include physical factors resulting

from differerices in the ratio of Intracranial capacity to
brain size, cerebrospinal fluid volume, and brain water

and electrolyte content.
The early adapration of brain 1o hyponatraemia

involves a loss of blood and cerebrospinal fluid

tollowed by extrusion of sodium from brain cells,* *
Later adaptation includes loss of potassium and poss-
ibly amino acids, which act further 1o decrease brain
cell osmolality and limit the gain of water.!™ In
humans and laboratory animals brain warer content is
more than 2-5 times higher in the young, decreasing

progressively with age. “" [ children the ratio of brain

to skulisize is such that there is less room for expansion
ot the paediatric brain in the skull than there is in

Cadults. ™ As adults age there is 2 progressive decline in
- the bratn volume whereas skull S1ze remains constant.

e

Hence anatomically tere is decreased room for expuan-
ston of the brain within the skull in children as

- compared with adulty. |
Adult brain size is reached a about age 6 whereas
tull skull size is not reached until age 16, Additionally,
~the mtracerebral volume of cerebrospinal fluid is more |

than 10% greater in adults than in the young.” When
brinn swelling occurs the intracerebral loss of cerebro-
spinal luid increases the available volume in which the.
bram can expand.™* As the percentage of cerebro-
spinal fluid in the brain increases with age™ ™ adults of
both genders have more roon; in the rigid skull tor the
brain 1o expand than do children.® Furthermore., the
brain intracetlular concentration of sodium is about
27"% higher in children than in adulis® and may reflect

? rcl';:t'iv_c decreased ability o pump sodium out of the

brain in children. In the presence of hyponatracmia
this will result in a greater osmolar gap between brain
and plasma in the young. It has been shown that in
newborn puppies with hyponatraemia the brain s
unable to extrude cations™ whereas aduls animuals with
hyponatracmia can readily transport sodium out of the
bramn.' "

PREVENTION AND TREATMENT OF HY PONATRAEMIC
ENCEPHALOPATHY

Symptomatic hyponatracmia can best be prevenrted
by not infusing hypotonic Quids to hospitalised child-
ren unless there is a clear cut indication for their use.
HCLIdLlChC, nausca, emests, weakness, and lethargy are
consistert symptoms of hyponatracmia in children. It
the condition is allowed to go unireated there can
tollow an explosive onset of respiratory arrest, coma,
and transtentorial cerebral herniation. At present there
IS no way to predict which children may suffer
respiratory arrest. As found recently in adults neither
the magnitude of hyponatraecmia nor jts duration is the
major determinant of brain damage." Recent studies
show that recovery from symptomatic hyponatraemia
in children, even after the onset of seizures and apnoea,
may be possible if appropriate treatment is instituted in
a timely manner." - |

When a paediatric patient receiving hypotonic Auids
begins to have headache, emesis, nausea, or lethargy
the serum sodium concentration must be measured.
Although these symptoms are somewhat non-specific,
the diagnosis is easily established at minimal cost and
with virtually no risk to the patient by evaluating
plasma electrolyte values. When symptomatic hypo-
natracmia is diagnosed the patient should be moved to
a location where constant monitoring cun be provided,
such as the intensive therapy unit. Hypertonic sodium
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records department of the Children’s Hospital, ‘Hapd ,'
Texas, for help in preparing the statistical data. el
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cribed,* " ¥ such that the serum sodium concentration
Is increased to 125-130 mmol/l but by no more than 25
mmol 1n the initial 48 hours. In.addition to hypertonié¢
sodium chloride, treatment may include intubadon
and assisted mechanical ventilation whep required. -
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Addendum N
Alter submission of this paper 2 report appeared describing:

2% pacdiatric patients with water intoxication.” Twe of the

patients became hyponatraemic secondary to mtrax*eﬂus

hypotonic Huid administration (serum sodium concent FIfiOns
H2 and 114 mmold). Both sutfered respiratory arrest-andd
died, and at necropsy both had cerebral cedema. These-two

paticnts had a clinical course simifar to the 16 in our setigs.

~T'he other 32 patients had oral water intoxication, and all

survived because of timely and appropriate treatmeng, v .- :
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