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tions is economically impracticable for most patients,

but easier access 10 urine dipsticks would probably ™
increase patents' interest and motivation in improved
control and would not add greatly 10 total direct costs.
: The need for inpatient admission should also be
H considered carefully, especially for newly presenting
’ patients. Wherever possible admission is best avoided
if the patient and family are able to reccive initial daily
outpatient cducation and supervision.” Pauents
should be admined only if they require nursing care or
circumstances do not permit easy atendance at out-
patient clinics. Admission rates for diabetic patients in
Tapzania are six times higher than in the general
tion.* When patients are admitted careful con-
sideration should be given 10 the need for investiga-
tions. Testing urine four. dmes or more daily for
_example, may be unnecessary if blood glucose concen-
trations are also being measured. Consideration should
also be given to the period of admission since patients
are often kept in the wards until most urine results are

glucose free.

The small proportion of direct costs due to nurses’
and doctors’ services reflects the low rates of pay of
medical staff in most sub-Saharan countries. A lecrurer
in medicine, for example, is paid $60 monthly. The
reasons for such: low rate of remuneration are under-
stood, but attention must also be paid 10 this problem
since the motivation and interest of those caring for
patients can have a significant impact on the qualiry of

l}mx;dR'cpubhc of Tanzaniz; the British Coun-cil;‘ a.n;
Overseas Development Administration.
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. ... Objective—To determine if hyponatraemia
causes permanent brain damage in healthy children
and, if so, if the disorder is primarily limited to
females, as occurs in adults. : .

Design—Prospective clinical case study of 16
affected children and a review of 24412 consecutive
surgical admissions at one medical centre.

Patients—16 children (nine male, seven female;
age 7 (SD 5) years) with generally minor illness were .
electively hospitalised for primary care. Consultation
was obtained for the combination of respiratory
arrest with symptomatic hyponatraemia (serum
sodium concentration =128 mmol/l).

Main outcome measures—Presence, gender dis-
tribution, and classification of permanent brain

University of California
S:hool of Medicine, San
Fiancisco, California

Allen I Asieff, professor of damage in children with symptomatic hyponatrae-
g;:ﬁ, Fraser, associaze mia in both prospective and retrospective studies.
professor of medicine Resulis—By retrospective evaluation the incid-

_ ence of postoperative hyponatraemia among 24412 .
Baylor College of | patients was.0-34% (83 cases) and mortality of those
Medicioe, Houston, Texas | afflicted was 8-4% (scven deaths). In the prospective
] Carlos Ayus, professor of i\ population the serum sodium concentration on

admission was 138 (SD 2) mmoVl. From three to 120
inpatient hours after hypotonic fluid administration
patients developed progressive lethargy, headache,
nausea, and emesis with an explosive onset of-
respiratory arrest. At the time serum. sodium
concentration was 115 (7) mmol/l and arterial oxygen
tension 6 (1-5) kPa. The hyponatraemia was pri-
marily caused by extrarenal loss of electrolytes with
replacement by hypotonic fluids. All 16 patients had
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- Hyponatraemia and death or permanent brain damage in

' ccrebral oedema 'de't.t_:-cted at cither radioldgjcai

postmortem examination. All 15 patients not treat
for their hyponatracmia in a timely manner eitt
died or were permanently incapacitated by br:
damage. The only patient treated in a tim«
manner was alive but mentally retarded. x

Conclusions—Symptomatic byponatracmia ¢
result in a high morbidity in children of both gendes
which is due in large part to inadequate bra

adaptation and lack of timely treatment. 3
&
Introduction A

In previous studies from our laboratories we hx
described the symptomatology, clinical course, effes
of treaunent, and pathological findings in more th
225 adults (aged over 16) with symptomatic byp
natracmia.** Although the agmal incidence of byp
natraemia secems to be similar among mea
women,*® almost all adult patients suffering byp
patraemic brain damage are women. Although the
are a number of reported paediatric cases of byp
natraemia,™" there are few reported cases of death -
permanent brain damage among children with U
disorder,” " and most such children had pre-exastis
neurological disorders.™"” Neither the gender disd
bution nor the incidence of brain damage amof
children with hyponatracmia is knows."”"" Amor
children suffering brain damage from h_\'1>0§1'f1‘1““:_i’.ii
neither the type nor the gender disuribution 1S kno®
We describe both a prospective and 2 rctrospcjgc!
analysis of generally healthy children who were €27




characteristics of 16 children with symp

ively hospiulised. Sixteen children who developed
severe symptomatic hyponatracmia cither 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 (1984-
90) we were consulted about 16 previously healthy
children (aged under 16) who had developed sympio-
matic hyponatracmia and either died or suffered
permanent brain damage. These 16 paucnts were seen
in consultation from five tertiary and nine community
hospitals. The age of the children was 7 (SD 5) years
(range 1-5 to 1S years), and the gender distribution was
nine males and scven females. The mean weight was
23-8 (12-9) kg (range 10 10 52 kg). Symptomatic
hyponzua:rma developed within five days of admis-

sion to the bospital.

Epidemiological studies—We n:trospecuvcly studied
all surgical admissions to a 456 bed tertiary paediatric

university teaching hospital over three years (1989-91).
" The records of all paediatric (age under 16) surgical
: pauems were evaluated for those who had postopera-
"' tive hyponatracmia (scrum sodium concentration 128
mmol/l or less) and the number .who either died or
suﬂ'crcd pcrmancnt braid’ dznge as 2 result of the. -

sodium’ concentratib 128 mmol/l or less: There
were 24412 consecutive mpaucn( operations over the
three years ended 31 December.1991:In. addmon, we
calculated an approximation of the incidence of hypo-
patraemic brain damage'in children- in. the. United

:: States from our epidemiological data plus a smusual

" dauabase from the medical literatire.”>- . -

Results
STUDY PATIENTS

The table shows the dmcal crcumstances which
resulted in hospitalisation of the 16 patients. All data
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atric surgical patients had a postoperative serum -

are presented as means (SD). Symptoms were not
known in three patients, who were cither 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 2 mean of 37 hours (range three
to 120 hours) from the start of inuavenous fluid
administration.

CLINICAL COURSE

At admission the serum sodium concentration was
138 (2) mmol/l. As early as two hours after starting
hypotonic fiuid administration those patients able 1o

communicate became progressively more lethargic and |

complained of headache and nausea, with subsequent
emesis. All such symptoms were gencrally unrespon-
sive to conventional agenats {phenothiazines and
narcotics). After a mean of 37 hours all 16 patients
suffered respiratory arrest, at which time the serum

sodium concentration was 115 (7) mmol/l and urine"

osmolality. 676 (66) mmol/kg. This, level of urine
hypertonicity in the presence of hyponatraemia sug-
gests that the plasma antidiuretic horinone concentra-
tion was raised.® The onset of respiratory arrest was
often explosive in pature, and hyponatracmm was
gencnlly not considered as 2 posxblc cause.’

Immedmdy “after respiratory’ arrest but bcforc ’
- oxygen: administration or intubation; the: arterial &
. ‘oxygen tension was evaluated in'11’ pauents ‘and ‘was
mformauon onall pacd.:— © 6-0(1-5)kPa. Dunng the37 hours bctwecn Lhc time of
~“admission and onset of respiratory afrest the') paucn :
had received a mean of 125 (83) ml hypotonic intra~ '
‘venous fluids per kg daily. Urine output was34(34) ml/
kg per day and other Auid losses avcraged 28 (25) mb/kg -
‘per:day: (nasogzsmc suctiony r==2; emesis, n=10;: "
rebrospinal fluid drainage, n=1; not charted, n=3) -

i

with mean net output of 74 (82). ral/kg daily and net -

positive fluid balance of only 27 (14) mVkg per day.
Hyponau-actma in these children was thus largely due

to extensive extrarenal loss of electrolyte containing -
fluids with replacement by hypotonic fluids. Most of -~
the intravenous fluids were administered as 280 mmol - .

glucose per litre either in water or in sodium chloride
38 mmoV/l, but the plasma glucose concentration was

o

12
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4
15

16
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*Uni . .
: mc*‘:‘nsl&+gzsuic drainage + cerebrospinal fluid. NA=Not available.

Duration of
Scrum sodium  intravenous :
© Gender {mmolN) fiuid Net fiuid
and age Weght L Net fluid output Respiratocy Troamment afier .
(rears)  (kg)  Initil Lowest  (bours) intake (mnlkg) (mlig/* Gn'ual history Hospital procedures  arrest ICSpiratory arrest Clinical cutcome
A13-S 227 139 114 46 246 122  Fever,dysphagia, Antbiotics + fuids Ies 154 mM sodium Vegeatve,
’ . - - phbaryngitis, tonsilitis chioride quadniplcgia
FS 13-0 141 45 M .9 33 Tonsillitis Toosillectomy Yes  Nooc Died
F4 - 18-2 139 s 21 114 NA  Toasillins Toasillectomy Yo Nooe Died
MI1S 836 134 101 74 164 73 Fever, dysphagia, Antbiotics+ Buids Yo 154a0dSl4mM  Aspiration
pharyngitis, tousillts sodium chloride w. sepsis,
M35 15-0 138 aazt’ 9 61 5 Toasillids Toaosillcctomy Ys  Nooe Died
F12 31-8 137 a20° 33 57 11 Ebow fracture from Setung of fracture Yes 514 mM sodium Armbulatory, mental
car accident chloride; retardation
intubation
M4 16-4 139 118 27 109 88  Elbow fracturc from fall Setting of {racture Yes  Nonc Died
M3 10-0 137 13 g 300 NA  Suncrure of urcthrz; Urcthral dilatation; Yes  Nooc Died
toasillits tonsiliectomy
Fl-S i0-6 137 114 420 - 283 253  Hydrocephalus Veatriculoperitoneal Yes Nooe Vegetative
shunting
M9 27-0 13?7 <20- 32 79 NA  Fractures from car Operative setting of Yes  None Vegetative
. acaident {rmcrures
F15 52-0 138 102 94 87 57  Fractures from car Operagve setting of Yo 154 mM sodium Vegetative and blind
actident (rcrures chloride;
infubatioo
F4 16-8 138 107 6 88 56  Tonsillius Tonsillectomy Yes Nooc Died
M2 -4 138 116 k) 123 NA  Undocended testicle Orchiopexy Yo Nooe Died
M6 15-0 138 119 12 40 11 Scvere epistaxis Posterior packing Yes None Died
M2 42-0 137 123, 19 M Fever, appendicitis, Appendicectomy plus Yes  None Died
ruptured appendix drainage
F12 28-S 134 116 66 113 72  Pncumonia Anubiotics + fluids Yo None Vegeutive
; 3-8 138 115 37 125 74 16
12-9 2 7 3+ 83 82 -
1 320 1 2 9 21 24 013'006 0
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subsequendy developed thesyndrome of central dia
betes mellitus and central diabetes insipidus® with
hypotonic polyuria. In these four patients the mean
serum sodium concentration rose (without treatment)
from 114 (6) mmol/1 1o 164 mmol/ and the glucose
concentration to 31-1 mmoV/l. None of these patients
had been treated for their hyponatracmia.

/

OUTCOME -
All 16 patients either died or suffered permanent
brain damage (table): one was mentally retarded, 10
died,- and five were in a persistent vegetative state
which persisted for follow up intervals of at least two
years. Twelve patients received no specific treatment
for their hyponatraemia. Of these, nine died and three
remained in a persistent vegetative state.” Four
patients were ecventually treated with intravenous
sodium chioride 154 and 514 mmol/l (table) such that
the serum sodium concentration was increased from
108 (9) ro 138 (4) mmol/ in 44 hours. The average delay
from respiratory arrest to start of treatment was eight
hours, all four patients were comatose, apnocic, and
intubated at the time treatmens was begun, and none
awoke either during treauncmt or for three days
thereafier. Only one patient (case 6), who survived -
' mentally retarded, was treated within 10 minutes of

respiratory arrest. E
_* NECROPSY FINDINGS °
. “~ - Postnorten examination of the brain was performed
-7, = - in 10 patients (three girls, seven boys). In nine patients -
“who had received no treatment and died in less than 48

oy

hours there was’ cerebral-oedema -and “herniation-on's

>

gross: examination . of . the- brain.: The. brain ‘weight
(na:glm six patients. (thrée male, three female)
wpwmmn age was-3-8 years was 1354 (95) g. F d
{ cc\nixp@ri_%h’;thé normal brain weight in men is 1450 g;
“-in'women 1250 g, in 4-5 year:old boys:1300 gy and in
5*year“old girls' 1150 g.**:Thus brain’ weight ‘was
increased by more than 10% above control values for
hildren of the age range studied.? That transtentorial ¢
hemniation was present in all nine patients subjected 10 -
_postinortem evaluation correlates well with the obser- -
vation that the hurnan brain can expand by only about
- 5-7% of its normal volume™ before herniation occurs.
. We have shown that men’s brains can usually adapt to
hypopatraemia within a few hours whereas women’s .
brains may not adapt within several days.* In all’
16 children presented here the brains were unable
adequately to adapt 10 hyponatraemia.

EPIDEMIOLOGICAL FINDINGS

Among 24 412 paediatric surgical admissions to a
456 bed university paediatric hospital there were 83
(0-34%) patients who developed hyponatracmia.
Among these, seven (8-4%) died of complications of
the hyponatraemia. Among the seven deaths, four
were in boys and three in girls. Hence the incidence
was 340 cases of paediatric postoperative hyponatrae- ’
mia and 29 hyponatracmic deaths per 100 000 inpatient
operations on children. There are 2-02 million
paediatric inpatient operations a year in the United
States.”®> The estimated yearly incidence in the
United States is 7448 cases of paediatric postoperative
hyponatraemia, with 626 such hyponatraemic deaths
in children. The most common inpatient operations oo
children in the United States™ are to the nose, mouth,
and pharynx (17%); digestive system (17%); muscu-
loskeletal system (15%); and nervous systern (13%), of
which 43% are performed in girls. This was essenuially
the disuibution in our series, in which 92% of
operations were in these four groups and 44% of the
patients were femnale (table).
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s BACDT CuOLD 24w Y M@l paaillal)y  MiCallll
with symptomauic hyponatraemia (101-12y3
can abrupty develop respiratory arrest-and-¢
or develop permanent brain damage. The pe
brain damage can include pituitary infarct
resultant central diabetes insipidus and me
syndrome not previously described in childr
incidence of postoperative hyponatraemia in
(0-34%) was less than in adults (1-4%).** F
among paediatric patients who developed sym:
hyponatracmia the incidence of permanes
damage was substanually higher than in :
Both the types of surgery and gender dist
among our 16 patients (table) were the same as
common operations and gender distributio
United States as a whole,” and thus our 16
were representative of the spectrum of elective

" tric surgical patients.

The hyponatraemia in these children seem:
been caused by extensive extrarenal loss of el
containing fluids and inuravenous replacems
hypotonic fluids (table) in the presence of ant
hormone activity. Increased plasma concentr:
antidiuretic hormone are usually found in bo
ren and adults with hyponatraemia,® ">
hormone has multiple cerebral and vascula

" which can impair the ability ©f the brain to
byponatracmia.** However, the genesis ©
patraemia in children is usually different fror
adults. In adults there has often been administ
very large quantities of intravenous fuid (ret r

. 63 ml/kg per day in adults 2 28 ml’kg pear
children; p<0-01p* or diuretic induced

-cations:2*® Itis important to recognise that in ¢

. when there is substantial extrarenal loss of elec
 a mivirmal positive balance of hypotonic fluid
1o fatal hyponairacmia. Another ‘major facic
- may‘have. contributed 1o the high morbidity
these*children -'was - the- virtual - absence of
“treafment in the presence of obvious symptorr
. Furthermore; the types of operations and the
-conditions in this' patient. population were sz
those most common in the United Svates.™ 1
- index of suspicion for electrolyte disorders in g
healthy children undergoing elective surgery
quite low. ' :

BRAIN ADAPTATION TO HYPONATRAEMIA IN CHII

In adults oestrogens seem to impair the abili
brain to adapt to hyponatraemia and androg:
augment such adaptation.*” However, prept
children have only minimal to absent concenir:
cither hormone, thus negating such effect
adults suffering permanent brain damage fro;
patracmia are female,’*”¢ but in the current
minority of affected patients (43%) in both ¢t
pective and retrospective studies were femal
unlike the marked gender differential in'3dul
and female children seem to be at similar
developing hyponatraemia encephalopathy
test)). Furthermore, neither the actual conce
of serum sodium por the rapidity of develop
hyponatracmia scemed to predict the ultimate «
in these 16 children (table). Hyponatraemia de
over 2 mean of 37 hours and the range of serumr:
values was 101-123 mmolA, values quite si
those previously reported in children with
matic hyponatraemia who did pot develo
amage.|° 21K

EFFECTS OF PHYSICAL FACTORS

When hyponatraemia was present all 16
had radiological evidence (computed tomc
magnetic resonance imaging) of cerebral

9 M
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whereas at necropsy nine of 10 evaluated had cerebral
ocdema 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

characteristics may include physical factors resulting

from differences in the ratio of intracranial capacity to

brain size, cerebrospinal fluid volume, and brain water

- . and electrolyte content.

The ecarly adapution of brain to hyponatraemia
involves a loss of blood and cerebrospinal fluid

: followed by extrusion of sodium from brain cells.**
Later adaptation includes loss of potassium and poss-

ibly amino acids, which act further to decrease brain

ccll osmolality and limit the gain of water.'® In
humans and laboratory animals brain water content is

more than 2-5 times higher in the young, decreasing

-t
hih

>,

- to skull size is such that there is less room for expansion
of the paediawrjc brain in the skull than there is in
adults.” As adults age there is 2 progressive decline in

- the brain volume whereas skull size remains constant.”

. . Hence anatomically there is decreased room for expan-

i . sion of the brain within' the’ skull in children as.

C o comparedthhadulrs. 3o

age”,
both gendu’s have more room it the'rigid skull for the

_ brain’ intracellular concentration of sodium ‘is about

i< 27% higher in children than in aduits” and may reflect .

- 2 relative decreased ability to pump sodium out of the
. brain in children. In the presence of hyponatracmia .
this will result in a greater osmolar gap berween brain
and plasma in the young. It has been shown that in
newborn puppies with hypopatraemia the brain is
unable to extrude cations™ whereas adult animals with
hyponatraemia can readily ransport sodium out of the
braiﬂ.l nM

PREVENTION AND TREATMENT OF HYPONATRAEMIC
ENCEPHALOPATHY ’ .

Symaptomatic hyponatraemia can best be prevented
by nor infusing hypotonic fuids o hospitalised child-
ren unless there is a clear cut indication for their use.
Headache, nausea, emesis, weakness, and lethargy are
consistent symptoms of hyponatraemiz in children. If
the condition is allowed to go untreated there can
follow an explosive onset of respiratory arrest, coma,
and transtentorial cerebral herniation. At present there
is no way 1o predict which children may suffer
respiratory arrest. As found recently in adults neither
the magm[udc of hyponatraemia nor its duration is the
major determinant of brain damage.* Recent studies
show that recovery from symptomatic hyponatracmia
in children, even after the onset of seizures and apnoea,
may be possible if appropriate treatment is instituted in
a umely manner."

When a paediatric patient receiving hypotonic fluids
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 1o the patient by evaluating
plasma electrolyte values. When symptomatic hypo-
natraemia is diagnosed the patient should be moved to
a location where constant monitoring can be provided,
such as the intensive therapy unit. Hypertonic sodium

013-006-018

impair the ability to adapt to hyponatraemia. Such

progressively with age.** In children the ratio of brain -

Adult brain size is reached at aboit 3 agc 6 whereas -
full skull size is not reached until age 16. Additionally, ;.
’ the intracerebral volume of oetebrospmal fluid is more ..

: ' N Mdimc('Bdnuv) 1976;55:121-9. =55

.- brain to cxpand than do children.’ J-'urthermore, the -+

chloride (514 mmoll) should be infused as
cribed,*" * such that the serum sodium concenu
is increased to 125-130 mmol/l but by no more th
mmol in the initial 48 hours. In addition to hype:
sodium chloride, treatment may include intut

and assisted mechanical ventilation when require
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. the National Instiite on Aging, Natiopal Instinn
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Addendum
After submission of this papcrzreponzppcz.red descr
34 pacdmnc paticnts with water intoxication.® Two ¢
patients became hyponatraemic secondary to intrave
hypotonic fluid administration{serum sodium concentra
112 and 114 mmolA). Both suffered respiratory arres
died, and at necropsy both had cerebral oedema. These
patientsbadaclinialcoursesimﬂano the 16 in our se
Tte other 32.padents had ol water- intexionties, an
sumvcd because of nmcly and appmpmtc uutmcn(.
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_First use of heroin: changes in

route of administration over time

John Strang, Paul Griffiths, Beverly Powis,
Michael Gossop -

IDS and drag misuse are linked mainly by the
injection of many drugs. Mzion’changsinthcmcthods

. - Four hundred - heroin users were . contacted. and
interviewed by trained peer group interviewers through

a structured and tape recorded interview. A total of 204 -
(51%) were currently out of contact with any treatment

service, 100 (2‘5%_) were currenty attending a drug
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Ininal rowe of heroin use

., major, change_in, the annual proportion who
mimwdby cither injecting or chasing (figare). "~

- were 2 many initiations by

. ining above half since 1981). By 198S more than

clinic, and 124 (31%) werc currently attending a needle
exchange scheme. A total of 136 {34%) had never had
contact with either treatment services or an exchange
scheme. Their ages ranged, from 17 t0 53 (mean (SD)
27-6 (6-3) years); 248 (62%) were male; 96 (24%) were
in current employment. There was wide variation in
first year of use of heroin usc (1954 1o 1991): 16 (4%)
started during the *60s, 28 (7%) during the carly *70s,
76 (19%) during the late "70s, 124 (31%) during.the
early *80s, 120 (30%) during the late 803, and 36 (9%)
duringthe™®0s.. - - - . - _ »
Three different routes of initial drug use were:

"idcntiﬁcd:',_ipiecﬁhg,‘ snorting, and “chasing the

dragon.” Analysis of ‘these data by year revealed a

ising” was a route of initiation for.a minority of:

wsizsup o theaic 19705 butbs becomean ncrasingly
ommon ‘m'ix_t'é' ‘of initiation since 1975. By 1979 there.

) chasing 2s by injecting, and
by 1981 more than half of the initiations into heroin
‘ ing (with the aunual proportion

three quarters of initiations were by chasing, and since
1988, 87 out of 93 initiations (94%) were by chasing.
During most years, 2 tenth to a quarter of users were
initiated by snorting. ,

Comment oo )

Heroin use today is not what it was yesterday.
Initiation no longer occurs by injecting but by the new
route of “chasing the dragon.” The emergence of new
non-injecting routes of heroin use may partly explain
not only the major heroin epidemic in the United
Kingdom during the 1980s but also its apparent
continuation® despite the addition of AIDS as 2
potential consequence. Perhaps thé protective societal
1aboo against.injecting was circumvented and a JesS
fertered epidemic has developed. In the 1990s virtually
all iniriations into heroin use in ohr London sample
were by “chasing the dragon,” even though heroin us¢
in other countries (for example, the United States) an
even in other British cities (for example, Edinburgh.
continues to be by injection. Should the change 10
London be regarded as an isolated development 10 @
few “chasing” cities, or is it an indication of likely
future changes on a wider scale? And what is the
significance for tomorrow’s prevention and treaument
programmes? :

Our level of ignorance about changing routes of drug
administration is not only scientifically disturbing bu!
also interferes with the development of prevention an
treatment programmes. Effective primary prevenuod
strategies depend greatly on the adequacy of knowledge
about the gateways into drug use, and yet Our under-
standing of the phenomenon is informed largely b>
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