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This report has been prepared by me, Dr John Alexander, on the instructions of Mr John L
Leckey LL.M., HM Coroner for the District of Greater Belfast. I have studied the relevant case

notes and anaesthetic record.

Re: ADAM STRAIN,. DECEASED

. - This little boy suffered from congenital vesico-ureteric reflux and dysplastic kidneys and had had
multiple surgical operations in the past, many under general anaesthesia, and all apparently

uneventful as far as the anaesthesia was concemed. At the time of admis sion on the 26th
November 1995 he was in renal failure with a high vdlume of dilute urine from his own (native)
kidneys. His renal failure was being treated by Continuous Ambulatory Pentoneal Dialysis
(CAPD) and feeding difficulties had been overcome by fashioning a feeding gastrostomy. '

He was 4 years 3 months of age, weighed 21 kg and was well nourished. Relevant blood tests that
evening were haemoglobin 10.5 g/dl, packed cell volume 0.32, sodium 139 mullimoles per litre
(mmol/l), potéssium 3.6 mmol/l, albumin 40 mmol/l, urea 16.8 mmol/l and creatimine 702 pumol/l.
The latter two results are very high, an expression of his renal failure, the remainder within normal
limits. He was given 952 ml ‘clear fluid’, presumably water, overnight, into his gastrostomy, and
this was stopped at 0500 on the 27th. The child was taken to the operating theatre at 0700 for a

renal transplant.
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Anaesthesia was induced at 0700 1n the standard manner and the child intubated and artificially
ventilated. Venous access was secured, a triple-lumen central venous pressure catheter inserted
into the nght subclavian vein and a fine catheter into the 1 ght radial artery to continuously monitor
arterial blood pressure. The child’s estimated blood volume was 1600 ml, estimated fluid deficit
300 ml and calculated intraoperative maintenance 200 ml/hour. Infact a great deal more fluid was .
infused, which included 1500 ml of one fifth isotonic saline in 4% dextrose, 500 ml Hartmanns
solution, and eventually 800 ml of Human Plasma Protein Fraction and 2 units of packed red cells

to replace a blood loss during tlge operation of about 1200 ml.

The operation proved to be techmcally difficult and took 4 hours to complete. During that time the

heart rate decreased from 140 to 90 beats per minute, the systolic blood pressure increased from 90
to 120 mmHg and artenal blood saturation with oxygen remained consistently at 99 - 100 %.
‘There were no dramatic changes and no evidence of either hypoxia or hypotension, as documented
by Dr Taylor’s meticulous records, and confirmed by the computerised print-out obtained at the
end of the operation. Central venous pressure remained very high throughout the procedure; this
may have been parﬂy due to a technical problem with the pressure transducer but was also partly
dehiberate, since releasing the clamps on a transplanted near-adult sized kidney in a child can divert
most of the cardiac output into the new organ with a dramatic fall in blood pressure; a high venous

pressure will encourage a high cardiac output and avoid this problem:.

A 21 kg child has an extracellular flmd volume of about 5 litres. This is made up of the blood
volume mside the mtravaiﬁular space (red cells and plasma)- and the interstitial fluud which lies
outside the vascular space and also otrtsiﬂe the cells. Infused flmds will distribute themselves
through the intravascular and nterstitial spaces. A simple calculation reveals that if 1500 ml 1/5
isotonic or ‘normal’ saline is infused into a child of this size, plasma (or serum) sodium will fall to

about 120 mmol/l. Since 1t takes some time for infused fluids to leave the vascular compartment,
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serum (or plasma) sodium 1s likely to be even lower than this and the situation may be made worse
by increased levels of antiduretic hormone produced during anaesthesia which will cause water
retention by the kdneys. There 1s very little firm information available conceming dilutional
hyponatraemia (low serum sodium) in children, either in standard textbooks or in the recent
Iiterature, although the condition 1s well recognised in neonates and 1n aduits who have certam
operations which result in an excess of water entering the circulation. Aneff and colleagues
published a paper entitled “Hyopnatraemia and death or pennanenf brain damage in healthy
- children” (BMJ 1992; 304: 12"i 8-22) which is informative. These workers described how, after
hypotonic fluid administration, serum sodium can fall to levels around 115 mmol/l and lead to
vague non-specific symptoms and then an explosive onset of respiratory arrest, cerebral oedema
and coma. They also discuss the reasons why a child’s brain has less room than an adult’s to
expand mside a nigid skull and suggest that developing brain cells are less able to protect
themselves. One mught speculate as to whether a child suffering from chronic renal failure could
have mcreased vulnerability. In the discussion Arnieff et al states: “These cases show that generally
healthy children with symptomatic hyponatraemia (101-123 mmol/l) can abruptly develop
respiratory arrest and either die or develop permanent brain damage”. Of the 16 cases they

described, 10 died and the others suffered permanent brain damage. A copy of this paper is
attached.

At the end of the procedure, Adam was apnoeic and had widely dilated pupils. He was transferred
to the intensive care umit. Serum sodium was 119 mmol/l and did not rise above 125 mmol/l in the
next 20 hours. CT scan of the brain showed cerebral oedema and lung oedema was also evident.

Tests for bramn stem function were negative and active therapy was discontinued on the morning of
the 28th November. '
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SUMMARY The complex metabolic and fluid requirements of this chuld having major surgery
led to the administration of a large volume of hypotonic (0.18%) saline which pfoduced' a dilutional
hyponatraema and subsequent cerebral oedema. The operation was difficult and prolonged. and
the problem could not be recogmsed until the surgery was completed. At no time dunng the
procedure was tﬁere any suggestion of hypoxia nor 1s there the slightest indication of a malfunction

in the anaesthesia apparatus. Dr Taylor 1s to be commended on the detailed notes and records he
kept ﬂnoughout the anaesthetic.

ot
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diabetes. Most patients have no means of assessing
control apart from the presence or absence of symp-
toms. Home monitoring of blood glucose concentra-
tons is economically impracticable for INOSt patients,
but easier access to urine dipsticks would probably
Increase patients’ interest and motivation in improved
control and would not add greatly to rotal direct costs.

The need for inpatient admission should also be
considered carefully, especially for newly presenting
patents. Wherever possible admission is best avoided
if the patient and family are able to receive initial daily
outpatient education and supervision.” Patients
should be admitted only if they require nursing care or
circumstances do not permit easy attendance at out-
patent clinics. Admission rates for diabetie pauents in
Tanzania are six times hugher than in the general
population.” When patients are admitted careful con-
sideration should be given to the need for mvestiga-
tons. Testng urine four times or more daily for
example, may be unnecessary if biood glucose concen-
trations are also being measured. Consideration should
also be given to the period of admissjon since patients
are often kept in the wards until mast 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 lecturer
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 to this problem
since the motivation and interest of those caring for
pauents can have a significant impact on the quality of
care.

We thank the director general, colleagues, and Staff, of
Muhimbili Medical Centre; Professor K G M M Alberyj,
University of Newcastle upon Tyne; the Ministry of Health
United Republic of Tanzania; the British Council; and the
Overseas Development Administration.
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Hyponatraemia and death or permanent brajn damage in

healthy children

Allen I Arieff, J Carlos Ayus, Cosmo L Fraser

Abstract

Objective—To determine f hyponatraemia
causes permanent brain damage in healthy children
and, if so, if the disorder is primarily limited to
females, as occurs in aduits.

Design—Prospective clinical case study of 16
affected children and a review of 24 412 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
damage in children with symptomatic hyponatrae-
mia in both prospective and retrospective studies.

Results—By retrospective evaluation the incid-
ence of postoperative hyponatraemia among 24412
patients was 0-34% (83 cases) and mortality of those
afflicted was 8-4% (seven deaths). In the prospective
population the serum sodium concentration on

‘admission was 138 (SD 2) mmol/l. 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-S) kPa. The hyponatraemia was pri-
marily caused by extrarenal loss of electrolytes with
replacement by hypotonic fluids. All 16 patients had

cerebral oedema detected at either radiological or
postmortem examination. All 15 patients not treated
for their hyponatraemia in a timmely manner either
died or were permanently incapacitated by brain
damage. The only patient treated in a timely
manner was alive but mentally retarded.

Conclusions—Symptomatic hyponatraemia can
resultin a high morbidity in children of both genders,
which is due in large part to inadequate brain
adaptation and lack of timely treatment.

Introduction

In previous studies from our laboratories we have
described the symptomatology, clinical course, effects
of treatment, and pathological findings in more than
225 adults (aged over 16) with symptomatic hypo-
natraemua.'* Although the actual incidence of hypo-
natraemia seems to be similar among men and
women,'’ almost all adult patients suffering hypo-
natraemic brain damage are women. Althou gh there
are a number of reported paediatric cases of hypo-
natraemua,'™" there are few reported cases of death or
permanent brain damage among children with this
disorder,"” * and most such children had pre-existing
neurological disorders.”" Neither the gender distri-
bution nor the incidence of brain damage among
children with hyponatraemia is known. ' #V Among
children suffering brain damage from hyponatraemia
neither the type nor the gender distribution is known.
We describe both a prospective and a retrospective
analysis of generally healthy children who were elect-
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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 (1984-
90) we were consulted about 16 previously healthy
children (aged under 16) who had developed sympto-
matic hyponatraemia and either died or suffered
permanent bramn damage. These 16 patients were seen
in consultation from five tertiary and nine COMmUMUnity
hospitals. The age of the children was 7 (SD S5) years
(range 15 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 hospital. |
Epidemiological studies—We retrospectively studied

are presented as means (SD). Symptoms were not
known in three patients, who were either too young

(less than 18 months) or intubated and thus unable 1o

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 fluid

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 able to

communicate became progressively more lethargic and

complained of headache and nausea, with subsequent
emesis. All such symptoms were generally unrespon-
sive 1o conventional agents (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

all surgical admissions to a 456 bed teruary paediatric  osmolality 676 (66) mmol/kg. This level of urine 12
university teaching hospital over three years (1989-91).  hypertonicity in the presence of hyponatraemia sug- g
The records of all paediatric (age under 16) surgical gests that the plasma antidiuretic hormone concentra- |
pauents were evaluated for those who had postopera-  tion was raised.” The onset of respiratory arrest was b
tive hyponatraemia (serum sodium concentration 128 often explosive in nature, and hyponatraemia was g
mmol/l or less) and the number who either died or. generally not considered as a possible cause. i
suffered permanent brain damage as a result of the Immediately after respiratory arrest but before i}
hyponatraemia. The epidemiological data were gener- oxygen admunistration or intubation the arterial - "é
ated by computer search of the hospiral records using oxygen tension was evaluated in 11 patients and was E
the SAS database™ to obtain information on all paedi- 6:0(1-5) kPa. During the 37 hours between the time of g
atric surgical patients who had a postoperative serum admission and onset of respiratory arrest the patients 3
sodium concentration of 128 mmol/l or less. There had recerved a mean of 125 (83) ml hypotonic intra- 3
were 24412 consecutive inpatient operations over the venous fluids per kg daily. Urine output was 34 (34) ml/ E
three years ended 31 December 1991. In addition, we kg per day and other fluid losses averaged 28 (25) mli/kg 3
calculated an approximation of the incidence of hypo- per day (masogastric suction, n=2; emesis, n=10;
natraemic brain damage in children in the Unjted cerebrospinal fluid drainage, n=1; not charted, n=3) # .
States from our epidemiological data plus a staustical with mean net outpur of 74 (82) ml/kg daily and net f '
database from the medical literature, 2 positive fluid balance of only 27 (14) mli/kg per day.
| Hyponatraemia in these children was thus-argely due %

I

Results
STUDY PATIENTS

The table shows the clinical circumstances which
resulted in hospitalisation of the 16 patients. All darta

Clinical characterisiics of 16 children with svmplomatic hyponatraemia

to extensive extrarenal loss of electrolyre containing
fluds 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 mmol/l, but the plasma glucose concentration was

il -

A meas o A “"""—T‘, Lt DT DI FE 0 P8 T O

;

¥
;_.
f.‘l
?..

Duraton of
K Serum sodium  intravenous |
.. ~-sender {mmol/) fAud Nert fluid ' |
-ase  andage Weight treatment Net fluid output ' Respiratory  Treaument after -
No (years)  (kg) Imual Lowest (hours)  intake (mli/kg) (mlkg/* Clinical history Hospital procedures arrest respiratory arrest Chnical outcome
] M 3-5 2:27 139 114 46 246 222  Fever, dysphagia, Antibiotics+ fluids Yes 154 mM sodium Vegetative,
pharyngitis, tonsilitis chloride quadripiegia
2 FS 18-0 14} 123 14 96 33 Tonstllits Tonsillectomy Yes None Died
3 F 4 18-2 139 115 2] 114 NA  Tonsillitis Tonsillectomy Yes None ~ Dhed
4 M15§ -6 134 101 74 164 /3 Fever, dysphagia, Anubiotcs+fluids Yes 154and 514 mM  Aspiration
- pharyngitis, tonsilltis sodium chloride pneumonia, sepsis,
. died
> M 3-5 15- 138 121 9 6] 5  Tonstlitis Tonsillectomy Yes None Died
6 Fl2 3t 137 120 33 57 i1 Elbow fracture from Setung of fracture Yes 514 mM sodium Ambulatory, mental
car aceident chlonde; retardauon
| intubation
7 M 4 16:4 139 118 27 109 88  Elbow fracture from fall Setting of fracture Yes  None Died ‘
3 M3 i0-0 137 113 g 300 NA  Stricture of urethra; Urethral dilatation: Yes None IDed 4
tonsillits tonsillectomy
? Fl-5 10-6 137 114 120 283 253  Hydrocephalus Ventriculoperitoneal Yes None Vegetauve !
shunting i
) M9 27-0 137 120 32 79 NA  Fracrures from car Operative setting of Yes None Vegelative :
| accident fracwures o
F15 52-0 138 102 04 87 57  Fractures from car Operative seting of Yes 154 mM sodium Yegetatuve and blind !
accident fractures chloride; '
- intubatnion
F4 16-8 138 107 16 88 36 Tonsillitis Tonsillectomy Yes None Died |
M2 11-4 138 116 3 123 NA  Undescended iesticle Orchiopexy Yes None Died !
M6 15-0 138 119 12 40 Il Severe epistaxis Posterior packing Yes None Died '
M12 42-0 137 123 19 34 9  Fever, appendicitis, Appendicectomy plus Yes None Died
ruptured appendix - drainage
T2 28-5 134 116 66 113 72 Pneumonia Antibiotics+ fluids Yes None Vegetative
*4n 3 23-8 138 115 37 125 74
) > [2-9 2 7 34 83 82
1 3:2 } 2 9 21 24
fine -+ emesis+ gastric drainage +cerebrospinal fluid. NA=Not avaiiable.
011-030-159
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Discussion |
These cases show thart generally healthy children
with symptomatic hyponatraemia (101-123 mmol/])
can abruptly develop respiratory arrest and either die
or develop permanent brain damage. The permanent
bramn damage can include pituitary infarction with
resultant central diabetes insipidus and mellitus, a
syndrome not previously described in children.® The |
- 1ncidence of postoperative hyponatraemia in children -
(0-34%) was less than in adults (1-4%).22 However,
among paediatric patients who developed symptomartic
hyponatraemia the incidence of permanent brain

only 7-0 (0-7) mmol/l at the time hyponatraemia was
diagnosed. Four patients (two male, two female)
subsequently developed the syndrome of central dia-
betes mellitus and central diabetes msipidus’ with
hypotonic polyuria. In these four patients the mean
serum sodium concentration rose (without treatment)
from 114 (6) mmol/l to 164 mmol/l and the glucose
concentration 1o 311 mmol/l. None of these patients

had been treated for their hyponatraemia.

o e e —— A ——— '_‘w"'w .

OUTCOME
All 16 patients either died or suffered permanent

1220

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 WO

- years. Twelve patients received no specific treatment

for their hyponatraemia. Of these, nine died and three
remained in a persistent vegetative state.” . Four
pauents were eventually treated with Intravenous
sodium chloride 154 and 514 mmol/ (table) such that
the serum sodium concentration was increased from

108 (9)t0 138 (4) mmol/l in 44 hours. The average delay
from respiratory arrest to start of treatment was eight

hours, all four patients were comatose, apnoeic, and
intubated at the time treatment was begun, and none
awoke either during treatment or for three days
thereafter. Only one patient (case 6), who survived
mentally retarded, was treated within 10 minutes of
respiratory arrest.

NECROPSY FINDINGS

Postmorten examination of the brain was performed
in 10 patients (three girls, seven boys). In nine patients
who had received no treatment and died in Jess than 48
hours there was cerebral oedema and herniation on
gross examination of the brain. The brain weight
(unfixed) in six patients (three male, three female)
whose mean age was 3-8 years was 1354 (95) g. For
comparison, the normal brain weight in men is 1450 g,
In women 1250 g, in 4-5 year old boys 1300 g, and in
4-5 year old girls 1150 g.# Thus brain weight was
creased by more than 10% above control values for
children of the age range studied.” That transtentorial

- herniation was present in all nine pauents subjected to

postmortem evaluation correlates well with the obser-
vauon that the human 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
hyponatraemia 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 to hyponatraemia.

EPIDEMIOLOGICAL FINDINGS

Among 24412 paediatric surgical admissions to a
456 bed university paediatric hospital there were 83
(0-34%) patents who developed hyponatraemia.
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 hyponatraemic deaths per 100 000 inpatient
operations on children. There are 2-02 million
paediatric inpatient operations a year in the Uniied
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 on
children in the United States® are to the nose, mouth,
and pharynx (17%); digestive system (17%); muscu-
loskeletal system (15%); and nervous system (13%), of
which 43% are performed in girls. This was essentally

the distributon in our series, in which 92% of

operatons were in these four groups and 44% of the
patents were female (table).

_ BM] voLUME 304
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damage was substantially higher than in adults.*
Both the types of surgery and gender distribution

among our 16 patients (table) were the same as.the most

common operauions and gender distribution in the
United States as a whole,® and thus our 16 patients
were representauve of the spectrum of elective paedia-

tric surgical patients.

The hyponatraemia in these children seems to have
been caused by extensive extrarenal loss of electrolyte
containing fluids and intravenous replacement with
hypotonic fluids (table) in the presence of antidiuretic

hormone activity. Increased plasma concentrations of

anudiuretic hormone are usually found in both child-
ren and adults with hyponatraemia,’'*" "% and the
hormone -has multiple cerebral and vascular effects
which can impair the ability of the brain 1o adapt 1o
hyponatraemia.” * However, the genesis of hypo-
natraermua in children is usually different from that in

adults. In adults there has often been admunistration of

very large quantities of intravenous fluid (net retention
63 ml/kg per day in adults » 28 ml’kg per day in

children; p<0-01)*° or diuretic induced loss of
~cauons.*** [t is important to recognise that in children,

when there is substantial extrarenal loss of electrolytes,
a mumumal positive balance of hypotonic fiuid can lead

o0 fatal hyponatraemia. Another major factor which

may have contributed to the high morbidity among
these children was the virtual absence of umely
treatment in the presence of obvious symptoms. '@ '
Furthermore, the types of operations and the clinjcal
conditions in this patient population were similar to
those most common in the United States.® Thus the
index of suspicion for electrolyte disorders in generallv
healthy children undergoing elective surgery may be

quite low.

BRAIN ADAPTATION TO HYPONATRAEMIA IN CHILDREN

In adults oestrogens seem to impair the ability of the
brain to adapt to hyponatraemia and androgens may
augment such adaptation.** However, prepubescent
chuldren have only minimal to absent concentrations of
either hormone, thus negating such effects. Most
adults suffering permanent brain damage from hypo-
natraermua are female,’*”* burt in the current series a
munority of affected patients (43%) in both the pros-
pective and retrospective studies were female. Thus
unlike the marked gender differential in adults, male
and female children seem to be at similar risk of
developing hyponatraemia encephalopathy (NS (¥
test)). Furthermore, neither the actual concentration
of serum sodium nor the rapidiry of development of
hyponatraemia seemed to predict the ultimate outcome
in these 16 children (table). Hyponatraemia developed

- over amean of 37 hours and the range of serum sodium

values was 101-123 mmol/l, values quite similar 1o
those previously reported in children with sympto-
mauc hyponatraemia who did not develop brain
damage- 10 12 13 16

EFFECTS OF PHYSICAL FACTORS

When hyponatraemia was present all 16 chjldreﬂ
had radiological evidence (computed tomography-
magneuc resonance imaging) of cerebral qedema

9 MAY 1992
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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 to adapt to hyponatraemia. Such
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 early adaptation of brain to thonatraemja
involves a loss of blood and -cerebrospinal fluid
followed by extrusion of sodium from brain cells.**
Later adaptauon includes loss of potassium and poss-
1ibly amino acids, which act further to decrease brain
cell 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
progressively with age.** [n children the ratio of brain
to skull size 1s such that there is less room for expansion
of the paediatric brain in the skull than there is in
adults.” As adults age there is a progressive decline in
the brain volume whereas skull size remains constant.*
Hence anatomically there is decreased room for expan-
sion of the brain within the skull in children as
compared with adults.®

Adult brain size i1s reached ar about age 6 whereas
full skull size is not reached until age 16. Additionally,
the intracerebral volume of cerebrospinal fluid is more
than 10% greater in adults than in the young.” When
brain swelling occurs the intracerebral loss of cerebro-
spinal fluid increases the available volume in which the
brain can expand.®* As the percentage of cerebro-
spinal fluid in the brain increases with age®* adults of
both genders have more room in the rigid skull for the
brain to expand than do children.* Furthermore, the
brain intracellular concentration of sodium is about
27% higher 1n children than in adults” and may reflect
a relative decreased ability to pump sodium out of the
brain in children. In the presence of hyponatraemia
this will result in a greater osmolar gap between brain
and plasma in the young. It has been shown thart in
newborn puppies with hyponatraemia the brain is
unable to extrude cations* whereas adult animals with
hyponatraemia can readily transport sodium out of the
brain.'¥ ™

PREVENTION AND TREATMENT OF HYPONATRAEMIC
ENCEPHALOPATHY

Symptomatic hyponatraemia can best be prevented
by not infusing hypotonic fluids to hospitalised child-
ren unless there 1s a clear curt indication for their use.
Headache, nausea, emesis, weakness, and lethargy are
consistent symptoms of hyponatraemia in children. If
the condition 1s allowed to go untreated there can
follow an explosive onset of respiratory arrest, coma,
and transtentonal cerebral herniation. At present there
1S no way to predict which children may suffer
respiratory arrest. As found recently in adults neither
the magnitude of hyponatraemia nor its duration is the
major determinant of brain damage.* Recent studies
show that recovery from symptomatic hvponatraemia
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 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 to the patient by evaluatmg

plasma electro]yte values. When symptomatic hypo-
natraerma 3s diagnosed the patient should be moved 1o
a location where constant monitoring can be provided,
such as the mntensive therapy unit. Hypertonic sodium
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chionide » (514 mmol/l) should be infused as des-
cribed,* " *' such that the serum sodium concentration
s increased to 125-130 mmol/! but by no more than 25
mmol! 1n the initial 48 hours. In addition to hypertonic
sodium chloride, treatment may include intubation
and assisted mechanical ventilation when required.

This work was supported by grant RO1 08575-01A2 from
the National Institute ‘on Aging, National Instrutes of
Health, Bethesda, Maryland, and by the research service
of the Veterans Affairs Medical Center, San Francisco,
Caltfornia. We thank Anne Ludvik and Trish Sullivan, of the
library service at the San Francisco Veterans Affairs Medical
Center, for help in preparing the database and the medical
records department of the Children’s Hospital, Houston,
Texas, for help in preparing the statistical data.

Addendum

After submission of this paper a report appeared describing
34 paediatric patients with water intoxication.¥ Two of the
pauents became hyponatraemic secondary to intravenous
bypotonic fluid administration (serum sodium concentrations
112 and 114 mmol/ll). Both suffered respiratory arrest and
died, and at necropsy both had cerebral oedema. These two
patents had a clinical course similar to the 16 in our series.
The other 32 patients had oral water intoxication, and all
survived because of timely and appropriate treatment.
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AIDS and drug misuse are linked mainly by the
Injection of many drugs. Major changes in the methods
of heroin use, however, have fun damentally altered the
importance of heroin use in the transmission of HIV.
Recent reports describe the extent of *“‘chasing the
dragon” (inhaling sublimated heroin !
It on tinfoil) as a new route of heroin use but give no
information on the €mergence of this pattern, ! During
the 1960s heroin use was by Injecting.’ What events
occurred (and when) to account for this substantial
change in the nature and the link with HIV of the

heroin epidemic?

»
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chinic, and 124 (31%) were currently attending a needle
exchange scheme. A toral of 136 (34%) had never had
contact with either treatment services or an exchange
scheme. Their ages ranged from 17 to 53 (mean (SD)
27+6 (6-3) years); 248 (62%) were male; 96 (24%) were
In current employment. There was wide varianion in
first year of use of heroin use (1954 10 1991): 16 (4%)
started during the ’60s, 28 (7%) during the early 70s,
76 (19%) during the late "70s, 124 (31%) during the
early "80s, 120 (30%) during the late "80s, and 36 (9%)
during the *90s.

Three different routes of initial’ drug use were
identified: injecting, snorung, and ‘“chasing the
dragon.” Analysis of these data by year revealed 1
major change in the annual proportion who were
mitiated by either injecting or chasing (figure).

“Chasing” was a route of initiation for a minority of
usersup 1o the late 1970s burt has become an Increasingly
common route of initiation since 1975 By 1979 there
were as many Initiations by chasing as by Injecting, and
by 1981 more than half of the initiations into heroin
use were by chasing (with the annual proportion

‘remaining above half since 1981). By 1985 more than

three quarters of initiations were by chasing, and since

- 1988, 87 out of 93 initiations (94%) were by chasing.

During most years, a tenth 1o 2 quarter of users were
1nitiated by snortng. |

Comment

Heroin use today is _
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 1980 but also its apparent
conunuation' despite the addition of AIDS as a
potenual consequence. Perhaps the protective societal
taboo against Injecting was circumvented and a less

were by “chasing the dragon,” even though heroin use
in other countries (for example, the United States) and
even in other British citjes (for example, Edinburgh)*
continues 1o be by injection. Should the change in
London be regarded as ap 1solated development in a
few “chasing™ cities, or is it an indication of likely
future changes on a wider scale? And what is the
significance for tomorrow’s preventon and treatment
programmes?

Our level of ignorance about changing routes of drug
administration is not only scientifically disturbing but
also interferes with the development of prevention and
treatment programmes. Effective primary prevention
strategies depend greatly on the adequacy of knowledge
about the gateways into drug use, and vet our under-
standing of the phenomenon is informed largely by
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