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Dear Madam,

RE: INQUIRY INTO HYPONATRAEMIA RELATED DEATHS

| refer to your letter of 29" September 2011 and now enclose the following documents, which
are referred to in Dr Taylor's statement, for your attention:-

1) Cansick J, et al. A fatal case of cerebral oedema with hyponatraemia and massive
polyuria after renal transplantation. Pediatr Nephrol (2009) 24:1231-4)

2) O'Flynn PE and Milford CA. Fasting in children for day case surgery. Annals of the
Royal College of Surgeons of England (1989); 71:218-9

3) Thomas DKM. Hypoglycaemia in children before operation: Its incidence and
prevention. BR J Anaesth 1974;46:66-8

4) Maze A, Samuels Sl. Hypoglycaemia-induced seizures in an infant during anaesthesia.
Anesthesiology 1980;52:77-8

5) Jenson BH, Wernberg M, Ansersen M. Pre-operative starvation and blood glucose
concentrations in children undergoing in-patient and out-patient anaestheia. Br Anaesth
1982;54:1071-4 '

8) The Association of Anaesthetists of GB & Ireland, Monitoring Standards

7) Hatch and Sumner, Paediatric Anaesthesia 1999. P380 "superior vena cava
pressures.... In the range of 10-15 mmHg"

8) Mathur A, et al. Hypotonic vs isotonic saline solutions for intrevenous fluid management
of acute infections. Cochrane Satabase Syst Rev. 2004;(2).CD004169)

9) Neville KA, et al. Isotonic is better than hypotonic saline for intravenous rehydration of
children with gastroenteritis: a prospective randomised study. Arch Dis Child. 2006
Mar:91(3):226-32. Epub 2005 Dec 13)

10)Choorig K, et al, Hyptonic versus isotonic saline in hospitalised children:a systematic
review. Arch Dis Child. 2006 Oct;91(10):828-35. Epub 2006 Jun 5
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11)Yung M and Keeley S. Randomised controlled trial of intravenous maintenance fluids. J
Paediatr Child Health, 2009 Jan-Feb;45(1-2):9-14 Epub 2007 Nov 2

12) Textbook of Pediatric Intensive Care, Rogers M 1987 p 656

13) Textbook of Pediatric Intensive Care, Rogers M 1987 p 627

Yours faithfully

Joba___

Joanna Bolton
Solicitor Consultant
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Dr. R. Taylor WS008/4 Revised answer to Q54a,b,c,d.

54 Answer to Question 37(a) at p.18:

“1 catinot reimentber who [I worked with to determine the cause of Adam’s death]. It
would liave been with the nephrologists and anaesthetists in PICUL”

(a) State whether you were present during Adam’s autopsy and if so: (i) for how
long you were present; (if) the circumstances in which you came to be there;
(iii) exactly what was discussed between yourself and Dr. Alison Armour, the
pathologist, ,
I do not remember being present at his autopsy.

(b) State whether it was you who filled in Adam’s autopsy request form (copy
attached, Ref: INQ-0343-11). If not, state who filled in this document,
Yes I filled in the Autopsy request form,

{c) If you did fill in the autopsy request form, explain what you meant by
“oswmotic disequilibrimm syndrome”, State if you still consider this to have been
a possible cause of Adam’s death, If so, explain your reasons why. If not,
explain why. '
The words “osmotic dysequilibrium syndrome” were Dr Webb's (058-035-140).

(d) Explain what you meant by Adam being “a somewhat bizarre case of a child
undergoing renal transplantation” and explain the basis on which you formed
that view,

T considered it an odd case in that I could not explain the findings on the basis of the Clinical
Pregentation I recorded on the Autopsy Request Form.,
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such abnormalities.

.45% saline solution for -

occurrence and describe how we changed our post-
transplantation cate protocol to enable earlier detection of

Case report

An 11-year-old boy weighing 30.3 kg was. admitted for a
pre-emptive live-related transplant, He had suffered menin-
gococcal septicaemia at the age of 34 ‘months, comphcated
at that time by severe neurological dysfunction, with coma,
seizures and peripheral vascular involvement with skin and
bone loss. He had been undergoing short-term dialysis for

*nearly 4 weeks, but his renal function [glomerular filration

rate (GFR) by the chromium-51-ethylene diamine tetra- *
acetic acid (Cr*-BDTA) method was 37 ml/min per -
1.73 m? body surface area at 3 years] had recovered '
sufficiently to be managed conservatively. Fe was left with

a mitor seizure disorder freated with sodium valproate at

the time of transplantation. Blectroencephalography (EEG)
showed discharges over the right temporopanetal area, and

a cerebral magnetic resonance imaging (MRI) scan when he
was aged 4.5 years showed mild cercbellar atrophy, with
normal ventricular size, He attended mainstream school apd

had Tearnin g support.

His renal function deteriorated from the age of 10. years,
with his serum creatinine rising from 1.6 mg/dl to 3.8 mg/dl
(145-330 pmol/l), so work-up was commenced for renal
transplantation. He was polyuric, with a daily urine output
of 34 1L

He underwent a live-related renal transplantatxon with
0,1,1 mismatch, from his mother. He was given 0.25 mg/kg
tacrolimus and prednisolone 600 mg/m? before theatre and
* had a urethral catheter placed after being anaesthetised. The
operation was uneventful; the patient had normal, vessel

| Springer
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anatomy. There was good blood flow and immediate urine
output. The cold-ischaemia time was 30 min, and anasto- -
mosis time was 25 min. Intraoperatively, his systolic blood
pressute (SBP) was 100-130 mmHg and central venous
pressure (CVP) was 10-15 cmH;0. He was given a total
of 2,200 ml of fluid during the procedure [1,000 ml
Hartmaun®s solution (near isotonic sodium lactate) and
1,200 ml 4.5% albumin] and 60 mg furosemide. A dopamine
infiision (3 pg/kg per minute) and a patient-controlled
morphine infusion were commenced. He received routine
iramunosuppression with tacrolimus, azathioprine and
prednisolone. o
Immediately postoperatively, he was watm and well
perfused, with a core~toe temperature gap 0f2.4°C, He had
a normal heart rate (HR; 90-105 beats/min) but was

* hypertensivé (SBP 130-140 mmHg). His CVP was 8- '

11- emH,0. ‘He regained consciousness fully and was
extubated, with saturations of 98-100% in room air,
respiratory rate 25/min. He had mixed metabolic and
respiratory acidosis; pH 7.25, with a carbon dioxide partial

pressure (pCO,) of 42 mmHg (5.6 kPay (vénous gas). His- -

initial postoperative selfgm sodium level was 141 mnol/
| (see Table 1). A bedside fluid balarice sheet was .
. established, which included the volume ‘of urine in the
" Gatheter bag (1,180 ml) but not the fluids given in theatre

Table 1 Results of blood and urine tests and fiuid balance

(2,200 ‘ml) or the undocumented losses (urine lost during
anastomosis of the ureter to the bladder, and blood losses).
These losses were refrospectively estimated by the surgeon
to be 300-«5(},{)'1111.

The patieht developed massive polyuﬁa almost immedi-

" ately after anastomosis, passing urine up to 58 mlkg per

hour. He was treated according to the unit’s protocol, with
replacement of insensible losses of 400 nr‘xl/m2 per day and
of the previous hour’s urine volume with the same volume
of 0.45% saline solution, alternating with 0.45% saline
solution/2.5% dextrose. Two hours postoperatively he
developed signs of poor peripheral perfusion, with a core—
toe temperature gap of 6°C; HR was 90-105 beats/min, and
SBP was 130-150 mmHg. It was concluded that he had a
fluid deficit, and he was given an extra 1,449 ml 0.9%
saline solution over 2 h. At 4 h he had a generalised tonic—
clomic seizure, which was terminated immediately follow-

- ing-administration of 0.1 mg/kg lorazepam, Blood glucose
‘measured with a stix was 8.6 mmol/l, and central venous

gas showed uncompensated metabolic acidosis, with a pH
of 7.1 He was hyponatraemic (126 mmol/l), initially
thought to be an artefact but confirmed on a repeat satnple
(121 fnmol/t).-At 5 h he had a further generalised tonic—
clonic sqizure,whibh again responded to lorazepam, but at
that time his pupils were fixed and dilated. He was

Parameter Time after anastomosis
Preoperative  Postoperative 1h 2h 3h 4h 5h Normal range Unit
Seizure  Seizure
Sodium 140 141 126 121 133-146 mumol/i
Total CO, 22 18 15 17 20-30. mimol/l .
Urea- 97 (345) 76 27.2) 38(137) 33(1.7) 717 (2.5-6.0) mgldl (mmol
per litre) )
Creatinine 60(528) 43 (379 20(178) 1.6(143) 0.4-0.9 (35-80) mgfdL (jermol/l)
Total calolum 113 2.81) 97 (2.42) 68(L7) 65(161) 8.8-107 (219-2.66) mg/dl (mmol/) .
Magunesivm 1.9 (0.8) 2.0 (0.83) 0.9(0.36) 0.7(0.28) 1.7-2.3 (0.7-0.95) mg/dl (mmol/l)"
- Albumin 42 51, 41 37 37-56 3 ‘e
Glucose 202 (112) = 175 9.7) 63-99 (3.5-5.5) mg/dt (mmol/l)
Osmolality v . 270-285 mosmol/kg
+ Haemoglobin 116 93 8.6 11.5-15.5 gl

Urine

Sodium 112 mmol/l

Osmolality mosmol/kg
Fluids

Tn : 2,200° 1,303 1485 2,383 2,591 1,898 ml

Out® 1,240° 1,170 1,760 1,740 1,620 1,150 ml

Cumulative Balance +960 +1,093 +818 +1,461 +2432  +3,180 mi ,

:Total amount of fluid given j:}}ra—operaﬁvely
Except for 200 ml from the wound drain, all output was urine

°Immediate postoperative output did not include intra-operative losses, which were not documented (se¢ text)

9] Springex
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revealed severe cerebral oedema, with uncal and tonsillar
herniation; he was diagnosed as being brainstem dead the
following morning, Using hypertonic (3%) saline solution, we
achieved normonatraemia after 8 h to allow organ donation.

Discussion .

Ourtcase highlights the dangers of massive fluid therapy
and biochemical disturbances in the face of exireme
polyuria. There are obvious questions regarding the
aetiology of the patient’s seizares, hyponafraemia and
polyuria. Moreover, considering that the patient was treated
according to a standard protocol, used for over 15 years in
more than 200 paediatric renal transplantations, we describe
how the protocol was changed in order to prevent a similar
tragedy from occuring,

“What cauged the patient’s seizures and subsequent tonsillar
hemiation‘?

Seizures are a recogmsed comphcauon aﬁer renal trans-
plantatmn, with a frequency of up to 24%, with potential
* causes indfuding fluid overload, and corticosteroid and

. calcine’udﬁdhhibitor therapy [1-3]. Our patient was known

“to have had seizures previously, indicating’ that he had a
" Jowered seizure threshold which was reduced further by the
hypocalcaemia and hypomagnesaemia. after transplantation
(Table 1). The fitst seizure in our patient occurred when the
serum sodium level was 126 mmol/l, a level not usually
associated with seizure activity. However, hypo-osmolality
was likely to have been the key actiological factor, as the
drop in seram sodium level was compounded by the rapid
fall ih urea after fransplantation. His calculated serum
osmolality dropped by approximately 80 mosmol/kg be-

tween transplantation and first seizure.

* Why was the patient polyuric?

" The massive diuresis after anastomosis (58 ml/kg per hour)

- Wwas extremely unusual. There is one report of an adult with
diuresis of 25-50 mi/kg per hour after having received a
live-unrelated renal transplant, who was also given fluid
replacement with 0.45% saline solution and who developed
hyponatraemia [lowest serum sodium (Na) concentration
113 mmol/i] and multiple generalised tonic-clonic seizures
[4].

Our patient had 3—4 l/day (4-5 ml/kg per hour) native
utine output, and the massive fluid losses after transplan-
tation would*have included a proportion from the native
kidneys. However, excretion of ~1,800 mi/h requires a
GER of at least 30 ml/min, whilst the estimated GFR in our

INQ-AS
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"intubated and ventilated; a compitted tomographiy -scan

pat{éh‘i was 6 ml/min, uncorrected for surface “avea,
Therefore, the majority of urine must have derived from
the gtaft. Glucose given in the replacement fluid caused
mild hyperglycaceria, with levels of 10~11 mmol/}, leading
to osmotic dinresis. However, this leads to free water losses
and hypernatracmia and is, thus, probably less relevant
here. N

Why did the patient become hyponatracmic?

The patient’s venous sodium level had dropped from
141 mmol/l post-operatively to 121 mmol/l 5 h later.
Hyponatraemia is due to either a deficiency in salt or an
excess of water.

A separate quantitative analysis of water and salt
balance, also called tonicity balance, can help identify the
pathophysiology of hyponatraemia [S]. From the beginning
of surgery till his death, the patient was given 11.8 1 and
lost 8.6 [ (see Table 1), a net positive balance for water of
3.2 1. An expansion of his total body water (estimated at
20 1 or 65% of body weight) by this amount is consistent

" with the observed dilution of his serum sodium from

141 mmol/l to 121 mmol/1 (141%20/23.2=121.6). Based on
this first part of the tonicity balance; excess fluid accourited
for the hyponatragmia, This fits also with the observed
deorease of albumin and haemoglobin in the blood (see
Table 1). However, in order to retain the extra 3.2 [ as fiee
water, he must have been in equal sodium balance, i.e. the
amount of sodium lost in the urine must have been equal fo
the sodium received, Whilst the urinary sodium was not
measured, the amount received can be calculated from the

“fluids administered, and it totalled 1,140 mmol. An

excretion of 1,140 mmo! sodium in 8.6 1 of urine equates
to 133 mmol/] and represents 20% of sodium filtered during
that time (assuming a GFR of 100 ml/min), indicating
sodium wasting. This compares to teports of fractional
sodium excretion (FEps) as high as 46% in deceased-donor
renal allografts on the day of transplantation {6]. ‘

Why did the patient have sodium wasting? =

Sodium wasting is likely to have been due to hypoxxe,—
ischéemic injury to the graft. The high FEy, reported in
deceased-donor allografts was associated with ischaemic
changes on biopsy [6], In anothes study, hyponatraemia was
seen in 88 of 125 adult recipients, also associated with an
itereased KRy, [7]. The dramatic postoperative decrease of
serum calcium and magnesium concentrations (Table 1),
which clearly exceeded the 16% dilution explained by the
fluid balance, also suggests tubular dysfunction.

Sodium wasting can also be an appropriate physiological

‘yesponse of the kidney to volume overload, but it should

not lead to hyponairaemia, as water can be excreted

_@ Springer
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alongside, However, other factors could have led to water
retention, such as stress and morphine, recognised non-
osmotic stimuli for antidiuretic hormone [8], or furosemide,
which impairs urinary dilution.

How should a polyuric patient be treated?

For a patient with gross polyuria (> 10 mUkg per hour) we
suggest giving a fixed intake of 10 ml/kg per hour, with
freqhient (two-howly) clinical and biochemical assessments
that include blood pressure, peripheral perfusion, CVP, and
serum and wrine sodium and osmolality, to guide forther
replacement, We use 0.45% saline solution, based on our
subsequent experience with typical post-transplantation
urinary sodium concentrations of approximately 80 mmol/L
Any exira fluid for perceived volume depletion must be
given in isotonic -form. We use a glucose-containing
solution at a steady rate for replacement of insensible
Josses, but fluids given for urine output replacement an
boluses are glucose-free. Co
;-'
Conclusion

Our patient developed seizures and tonsillar herniation due
_to hypo-osmolality associated with the adminisfration of
large volumes of hypotonic intravenous fluids in the
context of extreme polyuria, Other factors, such as his
previous brain injury, might have contributed to the fatal
outcome. Regardless, the case highlights the importance of
close clinical and biochemical monitoring after transplan-
tation, especially in the context of polyuria. Although, in

@ Springer
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this case, the rapidity of events suggests that these measures
might not have prevented death, we hope that lessons from
this case will help to modify practice and prevént future
tragedies, P

<
.
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Fasting in children for day case surgery

PAUL E O’FLYNN MB BS
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Department of Ear, Nose and Throat Surgery, Charing Cross Hospital, London
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Summary
Thirly-four children admitted for day case surgery were studied to
delermine the period of fpreoperative fasting and blood sugar
concentrations ab the time of induction of anaesthesia,

Of these, 88% fasled for 12 k or more, 20% fasted for 16 k or
more. Three were found to be hypoglycaemic.

The introduction of routine ‘mid-day’ operating lists for
paedialric day case surgery is suggested as a method of reducing the
period of fasting and visk of hypoglycaeniia,

Introduction

Day case surgery is increasing, Ghildren requiring short
procedures such as insertion of grommets are particularly
suitable for this as they recover rapidly and there are few
postoperative complications,

Since the early 1970s several studies have been under-
taken to determine the optimal period of preoperative
fasting. Anaesthetists generally feel that adequate pre-
operative fasting is essential for gastric emptying and to
minimise the risk of regurgitation of stomach contents at
the time of induction of anaesthesia (1), A period of4-6h
is accepted as adequate. However, a number of authors
have noted that a minority of young children become
hypoglycaemic by the time of induction of anaesthesia
(2). Hypoglycaemia reduces cerebral tolerance to hypox-
aemia and hypotension. Young children may not toler-
ate fasting as well as adults as they have a relatively
higher obligative glucose requirement (3). Thomas (4)
found 28% of children less than 4 years of age and
15.5 kg were severely hypoglycaemic at the time of induc-
tion of anaesthesia. This finding has not generally been
confirmed.

The aim of this study is to determine the actual period
of preoperative fasting in children admitted to our day
care unit and to assess their blood sugar levels at the time
of induction of anaesthesia,

Routinely, all patients to be admitted to the day care
unit are advised to fast from 12 midnight on the eve of
admission, until after the operation,

Correspondence to; P O'Flynn MB BS, Department of Ear, Nose
and Throat Surgery, Charing Cross Hospital, Fulham Palace
Road, London W6 8RF
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Patients and methods
A total of 34 consecutive children admitted to the day
care unit aged between 11 months and 99 montbs for
insertion of grommets were studied. The age and weight
of each child was recorded preoperatively, together with
the aciual period of fasting. This was assessed by enquir-
ing from a parent the time that food or drink was last
taken and recording the time of induction of anaesthesia,
After induction, blood was taken from the antecubital
vein for laboratory analysis of glucose concentration by
the glucose oxidase method. Patients had no known
illness (except surgical indication), and were suitable for
day case surgery in accordance with the guidelines of the
Royal College of Surgeons (1985).

Each had grommets inserted, a procedure which takes
approximately 10 niin,

Results
The age, weight, period of fasting and blood sugar level
at the time of induction of anaesthesia, together with the
mean, standard deviation and range for each is recorded
in Table 1. :

Two aspects of these results were further analysed and
are reported below,

PERIOD OF PREOPERATIVE FASTING

The period of preoperative fasting was in all cases much
longer than that required for gastric emptying. The
mean preoperative fasting time was 14h (SD=1.9h);
88% of children fasted =12h, 20% fasted =16 h.

BLOOD SUGAR GONCENTRATIONS (AT INDUCTIONY

In three of 34 cases (8.8%) the blood sugar level was
found to be less than 3.0 mmol/l (2.3, 2.7 and 2.9 mmol/l).

TABLE I Summary of results

Payameter ’ Mean SD Range -
Age (months) 59, 24 (11-99)
Weight (kg) 184 425 (10.8-25.2)
Bleod sugar (mmol/l) 4.16 0.63 (2.3<5.4)
Fasting (h) 14 1.88  (9.5-17)
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No child showed any clinical evidence of hypoglycaemia.

All other patients had levels in the normal laboratory-

range (3.3-5.6 mmol/l).

The relationship between age and blood sugar, weight
and blood sugar, and fasting time and blood sugar was
assessed. No simple indicator could be found to predict
which cases would have a low blood sugar at the time of
induction.

Discussion
FASTING PERIOD

The most remarkable result of this study was the pro-
longed period of preoperative fasting to which these
children were subjected. This arose partly because ‘stan-
dard’ advice was given to parents (namely ‘Nothing to
eat or drink from midnight’) and failing to take into
account the age and daily routines of these children.

Since many young children eat their last meal of the
day in the early evening (say 7 pm) and then go to bed,
they will alceady have starved for 5h before mldmght
Our day case operating sessions start at 8,30 am, there-
fore the first child on the list will have fasted for 13.5h.
Children late on the list will have fasted for longer
periods,

The period of fasting in this study was recorded untit
the time of induction of anaesthesia. There is, therefore,
a further period of fasting during the operation and until
recovery from the anaesthetic permits an oral intake.
During the operative period a rise in the blood sugar
concentration is typical, probably a stress related
adrenergic response. However, a fall in blood sugar
concentration has been documented in some children.
The period of time between induction of anaesthesia and
first oral fluids is not usually prolonged—typically 1-3h
in our experience. Payne and Ireland (5) measured a
mean of 3h and a range of 1~7h in their study.

HYPOGLYCAEMIA

‘When comparing the various studies on this subject one
must lock at the definition of hypoglycaemia used. Vari-
ous fevels have been accepted by different authors,

Allison (3) suggested a grading system—Iess than
3.3 mmol/l=mild; less than 2.8 mmol/l=moderate and
less than 2.2 mmol/i=severe, This system is helpful as
some children may be symptomatic at levels above
2.2mmol/fl (6).

In this study we found one case of mild and two cases
of moderate hypoglycaemia. In common with other au-
thors except Thomas (4) and Welborn ¢t o/, (7) we could
find no simple predicting factor in terms of age, weight or
period of starvation, In both the Thomas and Welborn
¢l al. studies the children were planned for afternoon
surgery. Welborn ef al. found two children who became
hypoglycacmic after a period of 17 and 19 h fasting
respectively. All other studies have been based on
morning operating sessions and a diurnal variation in
glucose utilisation may account for the difference found,

Hypoglycaemia during anaesthesia is not without risk,
and case reports of hypoglycaemia-induced seizures have
been recorded (8).
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MANAGEMENT

Various methods have been suggested to satisfy the
rcquxremcnt of preoperative fasting and to avoid the risk
of hypoglygiemia, Many authors have suggested feeding
cither milk or glucose solutions in proportion to the
child’s weight 4h preoperatively. On a day case basis
this would involve waking a child at 4.30 am to feed. This
is naturally disruptive and a substantial number of chil-
dren, 29% in one study (9), refused the feed in the
middle of the night. In those children who accept a feed
at this time 4-6h preoperatively there is a significantly
raised blood sugar concentration only in those over 4
years of age (9). Some authors have suggested the use of
glucose solutions intravenously during the anaesthetic,
There is a significant rise in blood sugar concentrations
in these cases.

Management ‘of these children in the preoperative
period remains contentious with widely differing advice
being given in the various centres referred to in this
account.

Overnight fastmg leads to excessively long periods of
abstinence which, if not. hazardous, are undesirable.
Feeding in the middle of the night is disruptive and may
be refused.

One possible solution would be the introduction of
‘mid-day’ lists for day case surgery starting at 11 am and
ending at 1 pm. This would allow a light breakfast to be
taken at 7 am with little inconvenience. No child would
fast preoperatively for more than 6 h, reducing the risk of
hypoglycaemia and leaving ample time for postoperative
recovery.
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HYPOGLYCAEMIA IN CHILDREN BEFORE OPERATION: ITS
INCIDENCE AND PREVENTION :

D, X. M, THoMAS

' SUMMARY

Two .groups of children, comparable in age and weight were studied, The first, the
- Starvation Group (SG), underwent normal preoperative starvation, The second, the
-, Milk Group (MG), received milk orelly 4 hours prior to operation. At operation the
mean blood glucose concentration was 53.3 mg/100 ml in the SG and 66.4 mg/
100 ml in the MG. The difference between the two groups was statistically significant,
Hypoglycaemia occurred only in those children in the SG who were less than 47
months of age and 15.5 kg body weight, .

METHOD

admitted to the same ward:
the day before operation, The operations ocey
between 1400 and 1600 hours and were fo
cotrection of strabismus, After an overnigh
they received a bowl of cereal and a deink of Y
at 0600 hours. &
The chifdren were in the welght range 9-36iH
and were aged between 19 and 166 months,
were divided into two groups, The figst group ;
received no further food priot to operation
second group (29) were given a drink of mil
mi/kg body weight, up to a maximum of 300

The mean normal fasting blood glucose concentra~
tion at birth is 54 mg/100 ml with a range of 28-96
mg/100 mf (Bowie, Mulligan and Schwartz, 1963),
The concentration increases in childhood to a mean
of 77 mg/100 ml at 2 years and 92 mg/100 m] at
15 years (Mayer, 1951), )

After the third day of life hypoglycaemia is de-
fined as a blood glucose concentration of less than 40
mg/100 ml (Cornblath and Schwartz, 1966; Hab-.
bick, McNeish and Stephenson, 1971), This level
has been accepted for this study although other
authors have suggested higher limits of 50 mg/100
ml (Bhulich, 1971) and 60 mg/100 ml (Bowie, Mul-
1963), Hypoglycaemia is pro-

The children were all
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ligan and Schwartz,
voked by fasting, although it is not an inevitable
consequence of withholding food. The body con-
serves glucose by a decrease in the cotcentration of
circulating insulin‘and an increase in the concentra-
tion of growth hormone (Glick et al,, 1965). The
concentrations of circulating growth hormone, glu-
cagon, cortisol and adrenaline are increased by a fall

In blood glucose concentration to hypoglycaemic .

levels (Marks and Rose, 1965). Hypoglycaemia is
not a disease but is a clinical sign (Conn and Seltzer,
1955). In a study of blood glucose concentrations in
children prior to sutgery it was found that 109 of
the children had a blood glucose concentration in
the hypoglycaemic range (Watson, 1972), Blood glu-
cose concentrations less than 60 mg/100 ml were
found in 309 of starved children at the time of
induction of anaesthesia (Bevan and Burn, 1973),

‘This study was designed to compare blood glu-
cose levels fn two groups of chifdren and to assess
the influence of preoperative feeding ‘on the fre-
quency of hypoglycaemia,

-

-tions were measured

hours before operation. 3
All the children were glven triteprazine 1.7 4
kg body welght (maximum 30 mg) orally 4 hy
before operation, Morphine 0.25 mg/kg and §f
pine 0,02 mg/kg were given by intramuscular, irp.
tion 1 hour before operation. Anaesthesia 5|
induced with thiopentone 4 mg/kg followeds]
pancuronjum 0,13 mg/kg given intravenously,
lungs were ventilated with oxygen and nitrous o
from a facepiece until an oral endotracheal 1Y
could be passed. Ventilation was continued magg]
with oxygen 309% in nitrous oxide using a mod
T-plece system, A Ryle’s tube was passed into |
stomach and the contents wete aspirated, After
xemoval of the tube a mouth pack was inserted, T
minutes after endotracheal intubation 2 ral of b
were taken from the long saphetious vein and stof¢
in a fluoride bottle, The blood glucose concen
by the autoanalyser method

D K. M. THOMAS, M.B., B.S,, DOBSTRG.0.G,y FEARGE
(Lt.Col,, RA.M.C), Queen Alexandra Military Hosplii
Millbank, London S.\V.1. . !

WS-008/3 Page 55

301-078-486

f




Dawson and Marks (1968). This method
i §eeuracy of +59%.
fio end of the operation the neuromuscular
Vi reversed with atropine (0.02 mg/kg) and
e (0.07 mg/kg) injected intravenously,
Hilh pack was removed and the children were
aif while lying on thelr sides.
e was no vomiting ot regurgitation in either
) dirlhg induction of anaesthesia, operation or
I volune of the aspirated stomach contents
imiited and the pH measured by a dipstick
it

RESULTS

ﬂS‘?\g I ind 1L show the ages and welghts of the
dlign. Ihere was no sighificant difference between
i goups,

hi G the mean blood glucose concentration
dt mg/100 ml (SD 16.1). The MG had a
il hloid glucose concentration of 66.4 mg/100 m}
401 wble IM1). Using the Student ftest the
Eftie botween the means of the two groups was
tin 17<0.0005), 15.29% of the SG children
ol the MG children were hypoglycaemic
pixl plucose concentration less than 40 mg/
L. Ve difference was significant (P=0.05),
§i bypoylycacmia was observed only in the
iiger niud smaller children in the SG, those older
A7 montbs and weighing more than 15.5 kg
s eyeluded from further analysis (table 1V). The
{ it chuldren in the SG had a mean blood glu-
ff timeeniration of 464 mg/100 ml (SD 16.5).
g o for the MG was 60,0 mg/100 mt
VU1 -1ble V). The difference between the two
9’)5 1 gnificant (P<<0,0005). 289 of the SG
Alen were hypoglyceemic (table V),

i‘lw swunt of stomach contents aspirated did
feaced 15 ml in any child, The mean PH of the
Fih centents in the SG was 2.9 and in the
{4 bl VID),

DISCUSSION

W dutle’s experience the duration of preapeta-
starviton in children undergoing operations in
lerneon is 8-10 hours, For a morning opera-
thiv | wriod of starvation extends to mote than
mi. It has been stated that starvation does not
ully ad 10 hypoglycaemia (Glick et al,, 1965)
thiv1udy has shown that 28% of children
1l months ofd and 15,5 kg in weight were
v emic in terms of the criteria of Cornblath
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L.YCAEMIA IN CHILDREN BEFORE OPERATION

TavLe X, Mean weight of the children,

Mean
weight Range
Number (kg) sD (kg)
Starvation
group 33 18,6 6.6 9-36
Milk group 29 20.0 6.4 11-35
TapLe I, Mean age of the children,
Mean
age Range
Number (months) SD (months)
Starvation
group 33 59 30,9 .23~141
Milk group 29 69 37.2 19-166

TapLe 111, Mean blpod glucose levels,

Mean
blood
glucose Range
Number (mgf100ml)  SD (mg/100ml)
Starvation
group 33 53,3 16.1 10-80
Milk group 29 66.4 12.6 40-95

Difference significant (P <0,0005).

‘TABLE 1V, Inoidence of hypoglycaemia in Starvation group
in relation to age and body weight,

Normal
blood
Hypo-~ glucose
Number glycaemic  cong,
Starvation group Jess
than 47 months and
155 kg 18 5 13
Starvation group more
than 47 months and
5 kg 15 0 15

TABLR V. Mean blood glucose in children less than 47 months
of age and I5.5 kg weight,

Mean
blood
glucose Range
Number (mg/100ml) SD (mg/100ml)
Starvation
group 18 46,4* 16,5 10-65
Milk group 11 60,0% 9.2 40-70
*P <0,0005,

TanLe VI, Incidence of hypoglycaemia in children less than
47 months in age and 15.5 kg in weight.

Number Hypoglycaemic T/o‘
Starvation group I8 5 28
Milk group 11 0 0
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68 : N . '
TasLs VII, Mean volime of s 7 ts and pH.
— — T Nean T =
yolume
stomach .
contents
Number (ml) SD pH
Starvation
group 33 6.0 3.1 29
Milk group 29 8.0 2.8 2.7

and Schwartz (1966) and Habbick, McNeish and
Stephenson (1971). The mean fasting blood glucose
concentration in children is in the range 50-90 mg/
100 ml (Baron, 1970) but this study showed a range
from 10 to 80 mg/100 ml with a mean value vety
close to that for siewborn infants,

Some children examined by the author before
operation have shown signs that could be attributed
to hypoglycacmia, including sweating, paleness of
the skin and complaints of headache. Random blood
glucose estimations using dextrostix had suggested
that hypoglycaemia may have been present; this was
a stimulus to the present study. In the present study
none of the children with confirmed hypoglycaemia
had clinical signs or symptoms of the condition,
Nevertheless this study would suggest that starva-
tion Iasting 8 hours or more is excessive.

The MG showed no patient with hypoglycaemia
and had g significantly greater mean value of blood
glucose, In the present small series there was no
vomiting or regurgitation. This would suggest that
the administration of milk, 4 hours prior to anaes-
thesia, may be a safe and advantageous procedure if
the same method of premedication and anaesthesia
are followed, This is supported by the small volumes
of stomach contents that were aspirated,

A study of the possible morbidity resulting from
hypoglycaemia, due to preoperative —starvation,
would seem to be a useful field of study, It may be

BRITISH JOURNAL -OF ANAESTE

that the presence of hypoglycaemia is undet
and that its preventios: in a sufe and simple 1
is an advantage.
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; fn(lcx. The lower limit of the therapeutic range is

h mg/dl, and although cight of ten patients in this
aludy had ‘magnesium concentrations below this
minimum therapeutic level, none of the levels was so
fow that fasciculations occuyr ed,

The interactions of magnesium and neuromuscular
hlocking drugs have been previously studied, Morris
ind Giesecke®® showed that the effects of d-tubocurarife®
und magnesium sulfate are additive and thatd-tubocu-

I turine is approximately a thousand times as potent as
- magnesium sulfate as a neuromuscular blocking agent.

Aldrete et al.* gave healthy male surgical patients 1 g
magnesium sulfate intravenously and found that this
tlose decreased the frequency and intensity of muscle
tusciculationis fo]lowmg the chchon of succmy]cholme,
15 well as preventing the rise in serum potassium that
itherwise occurred.

The present study has demonstrated that succinyl-

Aucsthesiology
fit:77-78, 1980

CLINICAL REPORTS 77

choliné-induced muscle fasciculations are extremely

unlikely to occur in the toxemic patient who ‘has re-
ceived sufficient magnesium sulfate to increase her
serum concentration of magnesium significantly above
the upper limit of normal. These patients do not need
pretreatment with d-tubocurarine before succinyl-
choline adminis‘p‘atibn to prevent fasciculations,
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Hypoglycemia-induced Seizures in an Infant during Anesthesia

AuBrey Maze, M.B., Cl.B.,* AND STaNLEY L. SaniveLs, M.B., B.Cu.}

Ketamine hydrochloride is a popular drug for pro-
ducing immobility during radiation therapy in young
children, In certain patients methohexital sodium,
B per cent, given by deep intramuscular injection has
ilso proven to be a useful agent for this purpose. We
present a case in which convulsions occurred following
(reatment with methohexital sodium,

REPORT OF A CASE

A 4-month-old, 6,6-kg male infant had been diagnosed at 8 weeks
) age as having a retinoblastoma, He upderwent enucleation of
lie left eye, and radiation therapy to his vight eye was begun. His
list seven treatments were uneventful. For his eighth treatment
th intramuscular injection of methohexital, 65 mg, was given into
fte anterior aspect of the thigh. Three minutes later the infant
foll asleep and was placed on the radiation table for treatment,
Atthat time his blood pressure was 80 torr and heart rate 120/min.

Y “l'en minutes after the injection of methohexital and at the end of

»

1o treatment, the child had a bilateral tonie clonic seizure, and it
wis noticed that his eyes rolled backwards. Héart rate was 120/min
i blood pressure was 80 torr by palpation, Mild respiratory
Ibstruction and central cyanosis were treated by the use of an oral
thway and administration of oxygen by mask. A new botde of
Pestrostix® in which the Dextrostix strips all matched the “O" color

4 Assistant Professor of Anesthesia and Pediatrics.

t Assistant Professor of Auesthesia.

Received from the Department of Anesthesia, Stanford University
.‘Mmul of Medicine, Stanford, C'x]rfomla 94305, Accepted for
[llll)l(cauonjune 17, 1979
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block was obtained, The bottle had been stored al approximately
28-30 C. The Dextrostix analysis showed a blood glucose level of
285 mg/dl, The child was given dextrose, 25 per cent, 20 ml The
scizures, which had lasted about b min, stopped shortly after the
infusion. Analysis of blood drawn at this time showed a calcilum
concentration of 10.2 mg/dl, normal electrolyte values, and no
ketonemia, The temperature was 37 C, A lumbar puncture showed
three cells, protein 27 mg/dl, and glucose 48 mg/dl. A blood glncosc
test pev formed an hour later showed 109 mg/dl, Within 30 min of
the seizure the child was active and behaved normally. ‘T'wo hours
after the seizure the child ate without incident. On further inquiry,

it was determined that the mother usually fed the child at about
2 aM cach night, but on the evening before therapy the child had
slept from 6 ry until just prior to their arrival at the hospital,
Hence, the mother had not fed the child for nearly 18 hours, The
child subsequently underwent further radiation therapy without
problems, Blood glucose levels were periodically checked and found
to be normal. To rule out latent epilepsy, an electroencephatogram
(EEG) was performed; it disclosed no abnormality, Methohexital
sodium, 65 mg, given intramuscularly, did not provoke an epilepti-
form EEG.

Di1scuUSSION

Convulsions during anesthesia are extremely dan-
gerous and, unless promptly treated, may lead to a
vegetative state.! Hence, rapid treatment is of primary
consideration, and should be followed by an attempt
to reach a diagnosis of the cause of the convulsions.
This patient had a seizure following prolonged starva-
tion and the use of methohexital sodium. Clinically,
methohexital sodium is associated with involuntary

0003-8022/80/0100/0077 $00.60 © The American Society of Anesthesiologists, Inc,

AS - INQ

WS-008/3 Page 58

301-078-489




<78

muscle movements?; a literature scarch has failed to
record any tonic-clonic scizure due to this agent.
Wilder demonstrated activation of temporal lobe
epileptic foci by the use of intracarotid and intravenous
administration of methohexital in small doses® Slecp
is known to enhance epileptiform activity in psycho-
motor epilepsy.* Therefore, an EEG was performed
to exclude this diagnosis. '

In this patient the cause of the scizure was hypo-
glycemia, Over the years, anesthesiologists have com-

; mented on the occurrence of hypoglycemia with
. clinical signs, such as lethargy, sweating, pallor, and
! tremulousness, which accompany the adrenergic re-

sponse to arapid decrease in blood glucose concentra-
tion’™ Thomas? studicd blood glucose levels after
induction of anesthesia in two groups of children: one
group was starved for aslong as eight hours and another
group was allowed to drink milk until four hours
. before anesthesia. The study, using 40 mg/dl as the

less than 16,5 kg, who had been starved, were hypo-
glycemic.® There was no patient with hypoglycemia:
in the group that had been fed until four hours prior
to anesthesia. In neither group was there any sign of
regurgitation or vomiting. Also found in the study was
the fact tliat none of the children with confirmed
hypoglycemia had clinical signs or symptoms of the
condition. Of interest is the case report of a 5.year-old
girl who underwent adenotonsillectomy and who
convulsed postoperatively. At that time “no glucose
was found in the blood."®

Once the diagnosis of a hypoglycemic seizure has
‘been made, or even contemplated, speed is of the es-
sence, as repeated seizures can lead to brain injury,
Studies of paralyzed animals subjected to repeated
seizures have demonstrated that a point is reached

Anesthesiology

1 52:78-80, 1980

- V-Lead Adapter. -
i Tektronix® Models 408, 412, and 414 patient mon-

itoring oscilloscopes were designed to record from

# Resident Physician, Department of Anesthesiology, National
Naval Medical Center, Bethesda, Maryland 20014.

Received from the Burcau of Medicine and Surgery, Navy
Department, Accepted for publication June 17, 1979.

The opinions or assertions contained herein are the privale ohes
. of the author and arenot to be construed as official or reflecting the
B views of the Navy Department or the Naval Service at large.
4. Address reprint requests to Dr. Sass: Department of Anesthesia,
National Naval Medical Center, Bethesda, Maryland 20014,

INQ-AS

AS - INQ

CLINICAL REPORTS

. ing to a decrease in ATP.M When a pediatric patient

and an intravenous infusion of ghicose started, The

level for hypoglycemia, showed that 28 per cent of |
children less than 47 months of age and weighing,

DoNALD J. Sass, Carr MG USN*

: 0008-3022/80/0100/0078 $00.60 © The American Society of Anesthesiologists, Inc.

Anesthesiology
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when the compensatory factors thatincrease substrate
supply to a convulsing brain cannot compensale, lead-

has a seizure during or after anesthesia a sample of
blood for glucose determination should be obtained

use of ajDextrostix is invaluable for an immediate
and relatively accurate estimation. When the patient is
suspected to be hypoglycemic, dextrose, 25 per cent,
9-4 ml/kg (0.5-1.0 mg/kg), is given intravenously,” §
Thereafter, one should maintain dextrose infusion at
a rate of 0.5 g/kg/hr until the child can maintain an
adequate blood glucose value. If, after treatment, one
is still unsure of the diagnosis, a full evaluation, includ-
ing mcasurements of blood levels of ecalcium, mag-
nesium, and’ ketone, Iumbar puncture, and ELG,
should be performed.
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convehtional limb Jéads of the electrocardiogran
(ECG). One can record a precordial ECG with thes
monitors by one of several methods that include: 1
-a Tektronix 408 or 412 with modification 788D, ol
type 414 with option 4; 9)modified limb-lead place
menty; 8) a V-lead adapter (012-0180-01) recentl
introduced by Tektronix, The modified oscilloscope
have full-lead selectors and will display precordi:
and limb-lead EGGs. However, one loses the optio
to record from limb leads when the modified lmb-g
lead and V-lead adapter methods are used. :
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PREOPERATIVE STARVATION AND BLOOD GLUCOSE |
@ CONCENTRATIONS IN CHIL.DREN UNDERGOING INPATIENT

AND OUTPATIENT ANAESTHESIA

B. H, JENSBN, M. WERNBERG AND.M, ANDERSEN

the children were fasted from bedtime, whereas in group B the children wer:
There was no differenée In mean blood glucose concentration between thy
nor between children younger than, or older than, 4 years of age, A blood
40mgdl™! was found in only one of the fasted children (1%). The mea
} greater in group B than A, but only significantly so for children olde

-, minimize the risks of hypoglycaemia and inhafation of vomit on induction of anaesthesia children ofder than6 -
} months should be fasted overnight and opetated on in the morning, : :

Since the risks of vomiting, and the inhalation of
gastric contents, are inherent in the administration
of general anaesthesia, established ptactice ordans
hat no patient for elective sutgery be anaesthetized
Without a period of starvation and fluid deprivation,
Chis period varies from 6 to 12h or even more, in
dlfferent institutions,

‘In studies of prolonged starvation adults were
ble to sustain normal glycaemic values (Cahill ot
s 1966). The risk of hypoglycaemia from pro-
Dbged preoperative stafvation in children was in-
cstigated by Thomas (1 974),.who studied the blood
ltcose concentrations on induction of anaesthesia
Wo groups of children and introduced feeding
glmes in which children under 4 yr received milk
BIruit syrup 46 h before operation,

It another study in-children ybunger than Syr
Idergoing outpatient anaesthesia, 1o patient had a
Blod glucose concentration less than 40mgdl-!,
iplte at least 8 h starvation (Graham, 1979),
he purpose of the present study was to investi-
16 the blood glucose concentrations in children
UNdorgoing inpatient and ouipatient anaesthesia
ywere fasted and in children who 1 ceived fruit
EIp 6 h before inpatient anaesthesia, L

=

' -
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groups, Ingroup A’
¢ fed 61 before anaesthesia.
¢ fasted inpatients and outpatients
glucose concentration of less than

. PATIENTS AND METHODS
Patients
One hundred and thirty-four otherwise healthy
children, aged 6 months to 9yr, and scheduled for-
elective minor surgery such as tonsillectomy,
adenoidectomy and myringotomy were included in
the study, The parents were informed of the pur--
pose of the investigation and all gave their consent,

The children formed two main groups: 88 chil-

dren were inpatients and 46 children were outpa-
tients operated by a specialist outside the hospital,
EBach of the main groups was subdivided furtherinto
two sub-groups, group I consisting of childyen
younger than 4yr and group II of children greater
than4yr,

Outpatients were all fasted from bedtime, Inpa-
tients in both groups were randomly aflocated such
that some of the children were fasted from bedtime
(group A) whereas others received fruit syrup and
water in a dose of 7.5 mikg! 6 h befote anaesthesia
(group B), The fruit syrup and water contained
invertose 20gdl-!, Six children less, than 4yt re-
fused to take the fruit syrup and were discharged
ftom the study,

"'The ages, body weights and durations of starva-
tion in the various groups are given in tableI,

Anaesthesia
All children were anaesthetized in the morning,
Inpatients were premedicated with nicomorphine
© The Macmillan Press Ltd 1982
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Measurement of blood glucose concentration

undergoing inpatient and 46 childyen undergoing ottpa
. Children older than Ayr; A: Fasling from bedtime, B!

TaBLET, Age, body welgh, duration of starvatioft and blood glitcose
tent anaesthesia, Group It Cliildrensounger than 4yr, II:
Recelved fruit syritp 6 1 before anassthesia, Mean values

+1 SD and range (in parentheses)

BRITISH JOURNAL OF ANAESTHESIA

concendration before operation it 82 children

. L ~ Duration of Blood glucose
. Age Body weight starvation concentration
Group f ) - (ks) ) (mgdl™")
Inpatients o — “
T-A 24 22509 13,022.3 12.9%1.6 74110
(0.8--3.8) (8-17) (7-16) (55~102)
1B 15 1,909 12,5%2.2 76%& 9
- (0.5-3.8) ©9-17) (65-90)
1-A . 22 5.9%1.7 21.3:+4.9 ¢ 13.6%L5 72:£16
' 4-9 (14-32) 11-17) (32~96)
-8 21 5.911.6 21,8149 $2:110
. “4-9) (14-34) (73-106)
ot
Outpatients .
1 . 25 2.3+0.8 13,512.0 13.541.9 704 7
. 0.7-3.5) {9-17) (8-16) (55-84)
I 21 5. 7117 "20.9%4.4 14.5%2.0 70k 6
4-9) (14-30) (12-19) (59~81)

(Vilan) 0.2 mg kg™ and atropine 0,01 mgkg™*, Out-
patients received no premedication, Qutpatients
were accompanied by a parent during the induction
of anaesthesia, whereas this was not the case in
inpatients, All children were anaesthetized by the
inhalation of halothane in an oxygen-— nitrous oxide -
mixture.

Immediately after the disappeatance of theeylash
reflex blood samples were withdrawn from a cubital
vein, Just before venepuncture & tourniquet was
placed. All venepunctures were performed by well-
trained personnel, Samples were colfected into
fluogide bottles and analysed immediately by the
o-toluidine method (Feteris, 1965). The mean of
two measurements was determined, Hypoglycaemia
was defined as a blood glucose concentration less

_than 40 mgdl™, ; :

A

I3

Statistics . :

The differences between groups were tested by
Student’s ¢ test, The'correlation between the period
of statvation and the blood glucose concentration
was estithated by Spearman’s rank correlation coef-
ficlent, P values less ‘than 0.05 were considered

significant.

RESULTS

The mean values of the blood glicose concentra-
tions in the different groups are given intableI. The

N

—_

distribution of blood glucose concentrations in all
the fasted children is depicted in figure 1.
Inpatients and outpatiefits were comparable with
respect to age and body welght whether lessthan, of
greater than, 4yr (groups I and I). Fasted inpa-
tients and all outpatients were comparable with

 respect to their durations of starvation.

Thete wete no differences in mean blood glucose

30 4
g
g
=]
3 a0 '
w
[e]
"
)
E 10
!—F_{- R
30 70 110
» Blood glucose (mg arh
Fra, 1, Distribution of blood glucose concentratlony |

92 children fasted before ope ration.
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concentrations between the fasted inpatients (group
A) and outpatients less than 4yr (P>0.1, t=1.34)
or greater than 4yr (P>0.5, t=0.58), Likewise,
there were no differences in mean blood glicose
concentrations “eitlier when fasted (group A) in-
patient children of groups T and II Syere com-
pared (P>0.7, t=0.34) or when outpatients of
groups L and IT wete compared P>0.8,t=0.14),

In group I inpatients (less than 4 yr) there was no
difference in mean blood glucose concentrations
between groups A and B (P> 0.3, t=0.87). How-
ever, the mean blood glucose concentration was
significantly greater in group B than A ininpatients
older than 4yr (group II) (0.02 <P<0.03,
t=2.42),

Hypoglycaemia occurred in one patient in group

b " I1-A, but hot in any of the other groups, Thus, the

frequency of hypoglycaemia in fasted inpatients was
2%, and in all fasted children 1%. The blood glucose
concentrations in all fasted children were distri-
buted according to a Gaussian curve (fig. 1), the

i "distribution of the points, after probit transforma-
tion, being linear,

th There was no correlation between the duration of

x the period of starvation and the blood glucose con-

a- centration in any of the fasted groups, For all fasted

h children the cotrelation coefficient was 5= — 0.12,

P>q0.10.
There was no vomiting or regurgitation in either
group during the induction of anaesthesia.

DISCUSSION

=3 After the 3rd day of life hypoglycaemia is most
- ommonly defined as a blood glucese concenttation
:-of less than 40mgdI-! (Cornblath and Schwartz,
*1976; Habbick, MeNeish and Stephenson, 1971),
The results of the present study are differentfrom
; those obtained by Thomas (1974), In 18 children
‘younger than 47 months he found a mean blood
glucose concentration of 46,4116.5mgdl~! and
8% of the children were hypoglycaemic, The chil-
dren were premedicated with trimeprazine, anaes-
hetized with thiopentone and the blood samples
Were withdrawn from the long saphenous vein, all of.

Which differ from the present study, The effect of

known, so caution must be exercised when com-
aring the results, The most obvious difference is
hat in the present study all the children were anaes-
thetized in the morning, while all the childrenin the
udy of Thomas (1974) were anaesthetized in the

artann o e mary e A g LAy T i T Rl I 8o

INQ-AS

AS - INQ

STARVATION AND BLOOD GLUCOSE IN CHILDREN

1073

afternoon. It may be that statvation is better toler-
ated during the night than during the morning
because of diutnal varations in metabolism. This
agrees with the study of Graham (1979), who in the
same hospital and using the same technique of
anaesthesia ag Thomas (1974) found a mean blood
glucose concentration of 74+ 3 mg dI! and no cases
of hypoglycaemia following overnight fasting in 31
children less than 5yr undergoing outpatient anaes-
thesia in the morning. However, contrary to the
hypothesis proposed by Graham (1979), we could
find no differences in mean glucose concentration
between the fasted inpatients and the outpatients,

The only instance of hypoglycaemia decurred ina

fasted 15-kg male child (50 months), who showed no
clinical signs of hypoglycaemia before anaesthesia,
The size of the child could be related to the study by
Thomas (1974) since he described hypoglycaemia
only in children of less than 15.5kg body weight,
According to the normal distribution of the blood
glucose values'in children fasting overnight, there
may be a risk of hypoglycaemia during surgery,
“Much of this risk, however, may be avoided by
adequate use of i,v dextrose during operation. In
agreement with other studies (Watson, 1972
Serafimovski and Ibler, 1978; Graham, 1979) there
was no cotrelation between the duration of the
period of starvation and the blood glucose concent-
ration,

In agreement with studies by Bevan and Burn
(1973) and Thomas (1974) higher values of mean
glucose concentrations were found in the groups
who had been fed 6 h before anaesthesia. Thomas
(1974) suggested that preoperative feeding is indi-
cated particularly in children younger than 4 yr and
weighing fess than 15.5kg, but in the present study
this group showed no significant difference in mean
blood glucose concentrations between the fasted and
the fed children. In addition, six (29%) of the chil-
dren in this group refused to receive fruit syrup in
the middle of the night. Thus, preoperative feeding
regimes for children older than 6 months of age, who
are undergoing general anaesthesia in the morning,
are of minor importance and cannot be recom.
mended when one considers the risk of pulmonary
aspiration of gastric contents, Further investiga-
tions are needed to determine the value of preopera-
tive feeding of children less than 6 months of age,

In conclusion, to minimize the risk of hypo-
glycaemia and inhalation of vomit on the induction
of anaesthesia, children older than 6 months should
be fasted overnightand operated on in themorning,
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JEUNE PRE-OPBRATOIRE ET GLYCEMIE CHEZ
DES ENFANTS SOUMIS A DES ANESTHESIES,
‘QUILS S’AGISSE DE PATIRNTS
HOPITALISES OU AMBULATORES

RESUMB

Nous avons mesuré la glycémie de 82 enfants hdpitalisés et de 46
enfants ambulatoires soumis & une anesthésie, L'ige des enfants
&tait situé entre 6 mols et 9 ans, Les patients ambulatoires
jednaletit toute la nuit, et les enfants hépitalisés étalent répartis
de fagon aléatoire en 2 groupes, Dans le groupe A, les enfants
jefnaient toute la nuit, tandis que dans l¢ groupe B les enfants
étalent nourrls 6 h avantPanesthésie, Iln’ya pas eude différences
entre la glycémiemoyenne desenfants ambulatoires et hopitalisés
qui avaient Jéune, nt entee la glycémic moyenne des
enfants 8gés de moins de 4 ans ou de plus de 4 ans. On n’a retrouvé
une glycémle inférieure & 0,40 mgdl~! que chez un des enfants
qui avalent jené (1%). La glycémie moyenne étalt plus élevée
dans le groupe B que dans e groupe A mals ceci n*était significatif
que pour les enfants de plus de 4 ans, Nousen concluons que pour
minimiser le risque d hypoglycémie et d’inhalation de vomitus &
Pinduction de Panesthéie, il faut faive jefiner toute la nuit les
enfants de plus de 6 mols et les opérer le matin,

AS - INQ

Serafimovski, N., and Ibler, M. (1978), Blood gluccse fevelsin ~
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PRAOPERATIVES HUNGERN UND
BLUTGLUKOSEKONZENTRATIONEN VON
KINDERN BEI AMBULANTER UND
NICHTAMBULANTER NARKOSE

ZUSAMMBNFASSUNG

Die Blutglukosekonzentrationen wurden bei 82 hospitalisierten
Kindern und bet 46 Kindern, die eine ambulante Narkose erhiel
ten, bestimmt} Die Kinder waren im Alter zwischen 6 Monaten
und 9 Jahren, 'Die ambulanten Patienten mufiten vom Zeltpunke
des Zubettgehens fasten, wihrend die hospitalisierten nach Ran-
domisierung in zwel Gruppen eingetellt wurden, In Gruppe A
muften die Kinder vom Zubettgehen an fasten, wihrend die
kinder von Gruppe B 6 Stunden vor der Narkose Essen erhieften,
Es gab keinen Unterschied zwischen den mittleren Blutg-
lukosekonzentrationen der ambulanten und nichtambulanten
Kinder die gefastet hatten, und auch nicht zwlschen den Al-
tersgruppen  Kleiner und gréfier als 4Jahre. Eine Blutg-
lukosekonzentration unter 40mgdi~! wurde bel nur einem der
Kinder die gefastet hatten, gefunden (19%), Die mittlere Blutg-
lukosekonzentration war in Grippe B hoher als in Gruppe A,
aber signifikant nur fir Kinder Uiber 4 Jahre, Daraus kann man
schlieflen, daB, um die Risiken der Hypoglykiimie und der
Aspiration von Etbrochenem bei der Narkoseeinleitung mog-
lichst gering zu halten, Kinder {iber 6 Monate tiber Nacht fasten
und am Morgen operiert werden solten.

f
!

INANICION PREQPERATORIA Y
CONCENTRACIONES DE GLUCOSA EN LA SANGRE
DE NINOS SOMETIDOS A ANESTESIA INTERNADOS
EN HOSPITALES Y NO-HOSPITALIZADOS

SUMARIO

Se midfo Jas concentraciones de glucosa en Ja sangre de 82 nifios
sometldos a anestesia ¢ intexnados en el hospital asf comoenfade
46 nifios sometidos a tesia y no-hospltalizados, Laedad delos
nifios variaba entre 6 meses y 9 afios, Los nifios no-hospitalizados
estuvieron de ayunas desde Ja vispera al momento de acostarse,
mientras que los nifios hospitalizados estuvieron repartidos al
azar en dos grupos, Bn el grupo A, los nifios estuvieron de
ayunas desde [a vispera al momento deacostarsey los delgrupo B
recibieron comida 6 horas antes de fa anestesla, No huba diferen.
cla en la concentracién media de glucosa en la sangre de los nifios ¢
hospitalizados y no-hospitalizados de ayunas nl tampoco entre los
nifios menores o mayores de4 afios, Se verificé una concentracién 3
de glucosa on la sangre de mends de 40 mgdl en uno solo de los %
nifios de ayunas (19%), La concentracién medla de glucosa en I8 &
sangre fue mayor en el grupo B que enel grupo A, pero de manctd g
significante solamente ¢n nifios mayoses de 4 afios, Se llega sl
conclusién ‘que, para minimizar los rlesgos de hipoglicemia
inhalaclén del vémito durante la induccién de la anestesiaen lo
nifios mayores de 6 meses, es necesario mantenetlos de ayung
desde Ia noche anterior y operarlos en Ia mafiana,
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" Anaesthetic Record Set

Suggestions as té a reasonable content

PATIENT IDENTITY
Name /ID No. / gender
Date of birth

ASSESSMENT & RISK FACTORS
Date of assessment
Assassor, where assessed
Weight (ka), [helght (m) optional]
Baslc vital signs (BP, HR)
Medlcation, Incl. contraceptive drugs
Allergles
.~ Addiction (alcohol, tobacco, drugs)
Previous GAs, family history
Potential airway problems
Prostheses, teeth, crowns
Investigations
Cardlorespiratory fitness
Other problems
ASA = comment

(N

URGENCY
Scheduled - listed on a routine list
Urgent - resuscitated, not on a routine list

" Emergency - not fully resuscitated

L CHECKS

Nil by mouth

Consent

Premedication, type and effect

PLACE & TIME
Place
Date, start and end times

PERSONNEL
All anaesthetlsts named
Operating surgeon
Qualified assistant present
Duty consultant informed

OPERATION PLANNED/ PERFORMED

INQ-AS

AS - INQ

 PRE-OPERATIVE INFORMATION -

~ PEROPERATIVE INFORNIATION "

APPARATUS
Check performed, anaesthetic room, theatre

VITAL 5IGNS RECORDING/CHARTING
Monltors used and vital signs (specify)
DRUGS & FLUIDS
Dose, concentration, volume
Cannulation
Injection site(s), time & route
Warmer used
Blood loss, urine output

AIRWAY & BREATHING SYSTEM
- Route, system used
Ventilation: type and mode
Alrway type, slze, cuff, shape
Special procedures, humidifier, filter
Throat pack
Difficuity

REGIONAL ANAESTHESIA
Consent
Block performed
Entry site
Needle used, aid to location
Catheter: y/n

PATIENT POSITION & ATTACHMENTS
Thrombaosis prophylaxis
Temperature controt
Limb positions

POSTOPERATIVE INSTRUCIIONS.

Drugs, fluids and doses

Analgesic techniques

Special alrway Instructions, Incl oxygen
Monitoring

UNTOWARD EVENTS
Abnormalities
Critical incidents
Pre-op, per-op, postoperative
Context, cause, effect

HAZARD FLAGS

Warnings for future care.
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Commentary

'BACKGROUND

This document is produced jointly by the Royal College
of Anaesthetists, The Association of Anaesthetists of
Great Britain & Ireland and the Society for Computing &
Technology in Anaesthesia. Work has been going on for
some years to standardise the data kept about
anaesthetic episodes. This is worth striving for several
reasons: not only would there be a welcome agreement
about what requires to be written down, but terms such
as ‘Start time’ would be defined, and therefore reports
derived from the data would be comparable.

A meeting was set up by the Society for Computing
and Technology In Anaesthesia (SCATA) a)t, the
Assoclation of Anaesthetists of Great Britain & Ifeland
in 1990, attended by representatives from the Royal
College of Anaesthetists, and some terms used In the
dataset were defined, {11 The next move was to define
the content of the anaesthetic record. All concerned

-~ ~cognised that there is no ideal content - that what is
.pproprlate for cardiac anaesthesla or a manlpulation
of a wrist are totally different, and thg appropriate
content must increase with the complexity of the
anaesthetic. We therefore agreed to list the fields that
could be Included, and will later deal with the issues of
what should be added. It was also fully recognised that
datasets and content are continually changing; we expect
that as thinking and requirements change, we will need
to relssue this guidance at reasonable Intervals. We also
recognise that several of these definitions are
contentlous, and fully anticipate further serlous
discussion.

We have not attempted to design a form, but rather to
show what information might be presented.

COMMENTS ON PARTICULAR FIELDS

Many Items will be present 'by association’ - in other
words, already present in the patient's notes, and making
¢ "t pointless to rewrite them. This does not diminlsh the
\. .feed for key items of anaesthetic relavance to be copled
oh occaslon - to emphasise that the anaesthetist was
aware of them, but definlng precisely which these are Is
not sensible,

URGENCY

This is a long debated issue, probably the most
contentious in the wholg set. The problem is that CEPOD
uses a four division dlassification, Flective, Scheduled,
Urgent and Emergency, and the difference between
Elective and Scheduled is a purely surglcal one not
discernible by the anaesthetist. The CEPOD definitions
waere used in the dataset published in 1994.

Elective
and surgeon.

Scheduled - An early operation but not immediately
Hfe-saving. Operation usually within
1-3 weeks.

Urgent - Delayed operation as soon as possible
after resuscitation. Operatlon usually
within 24 hours.

INQ-AS

AS - INQ

- Operation at time to suit both patient ‘

Emergency - Immediate operatlon, resuscitation
slmultaneous with surgical treatment.
Opetation usually within one hour.

Because of the difficultles with this classification, the
‘Classes’ of listed and urilisted were introduced.

Listed - An operation published on a scheduled
list ’
Unlisted - Not published on a scheduled list

We are now racommending that these two classifications
are amalgamated to make a mare anaesthetically
reallstic classification that reflects daily life.

Scheduled - listed on a routine list
Urgent - notonaroutine list, but fully resuscitated
Emergency - not fully resuscitated

" PATIENT POSITION & ATTACHMENTS

The way In which a patient was lying during anaesthesia
should be recorded, Including the position of the limbs
and any speclal precautions taken against injury.

UNTOWARD EVENTS ,
There is a whole serles of terms developing in this field -
critical incldents, complications, abnormatities, negative
outcomes, recovery room impact events, and more.

. Thinking in this field Is changing sufficlently rapldly so

being dogmatic aboutwhich terms to use s not sensible.

In general terms, the need is to record events so that
anaesthesia may be safer In the future; to record,
therefore, not only things that went wrong
(complications), but also that nearly went wrong (critical
incldents). We should also record ‘abnormalittes’ such
as a difficult Intubation, which are net preventable, both
for the patient's future safety, and for educational
reasons. The severity of the Incident should also be
recorded.

HAZARD FLAGS

Any important abnormalities (drug sensltivities, errors
of metaboltsm etc.) affecting the patient clearly should
be flagged both on the record and in the notes.

Reference

1. Lack, J.A,, Stuart-Taylor, M.E., and Tecklenburg, A.
An anaesthetic minimum dataset and report fermat, The
Soclety for Computing and Technology In Anaesthesia
(SCATA), The European Soctety for Computing and
Technology In Anaesthesta (ESCTAIC). British fournal
of Anaesthesia 1994; 73(2): 256-260,

Further coples may be obtained from
Professional Standards Directorate
Royal College of Anaesthaetists

Tel: 0171-813 1900
APRIL 1996
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s

Professor A P Adams, Chairman, Record Working Party

In 1990 following a meeting organised by the Society for
Computingand Technology in Anaesthesia (SCATA) attended
by'a representative of the College and the Association, a set of
terms of use for anaesthetic records was defined!. PFurther
meetings held with representatives from the college, AAGBI
. and SCATA defined the content for an anaesthetic record.
Whilst no record Is ideal - what is needed for cardiac surgery
may well differ greatly from that needed for a simple
manipulation under anaesthesia - there is a need for a starting
set, The list is a start, The Working Party recognises that
changes will be needed with time and intends to reissue the
guide at reasonable intervals. 1t did not attempt to design a
form butaimed to show what information might be presented.
s The set has been discussed and approved by the Council of
the College. .

Some of the items in the lists will already be presentin the
patient’s notes and it may appear pointless to rewrite them,
But several items of key information should appear on the
anaesthetic chart. Four points are worthy of special note:

Urgency

There is a problem in that CEPOD uses a four-division
classification - Blective, Scheduled, Urgentand Emergency, The
distinction between the first two classes is purely surgical, A
second classification uses: Listed and Unlisted, The Working
Party proposes a more anaesthetically related classification:
¢ Scheduled - a patient listed on routine list.,

® Urgent - a patient not on a routine list but fully
resuscitated,

* Etnergency - a patient not fully resuscitated,

Patient position and attachments

The record should note the position of the patientand the limbs
together with any special precautions taken against injury,

8 Newsletter27 The Royal College of Anaesthetists March 1996
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A revised anaesthetic record set

Untoward events

‘There are many terms such as critical incidents, complications
and negative outcomes which describe events during the
perioperative period, Thinkingin this field is still developing,
Theaim should be to make anaesthesia safer in the future by
recording events where things went wrong (complications)
and where they neatly did (critical incidents). Abnormalities
such as difficult intubations need to be recorded.

Hazard flags

Any important abnormality such as a drug sensitivity or an
error of metabolism which affects the patient should be flagged
both on the anaesthetic record and in the notes,

Reterence

L LackJA, Stuart-Taylor M, Tecklenburg A. SCATA and
ESCTAIC, An anaesthetic minimum data set and repott
format, British Journal of Anaesthesia 1994;73:256-260,
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ANAESTHETIC RECORD SET

Suggestions as to a reasonable content

The record set can be divided into groups:
PRE-OPERATIVE INFORMATION

Patient ldentity
Name/ldentity Number/Gender

Assossment and Risk Factors
Date of Assessment
Assessor and where assessed
Weight (kg), [height {m) optional]
Basic vital signs (BP and Heart Rate)
Medication including contraceptive drugs
Allergies
Addiction (tobacco, alcohol, drugs)
Previous general anaesthetics
Family history
Potential airway problems
Prostheses, teeth, crowns
Investigations
Cardiorespiratory fitness
Other problems
ASA status £ comment

Urgeney
Scheduled - listed on a routine list
Urgent - resuscitated, not on routine list
EBinergency - not fully resuscitated

PER-OPERATIVE INFORMATION

Checks
Nil by mouth
Consent to operation
( . Premedication, type and effect

Place and Time
Place
Date of operation
Time started and finished

Personnel
All anaesthetists named
Qualified assistant present
Operating surgeon

Duty consultant informed

Operation tlanned/performed

INQ-AS

AS - INQ

Apparalus
Checks performed, anaesthetic room and theatre

Vital Signs Recording/Charting
Monitoring used and vital signs (specify)

Drugs and Fluids
Doses, concentrations and volume
Cannulation
Injection site(s), time and route
Warmer used
Bloodloss, urine output

Airway and Breathing System

Route, system used

Ventilation: type and mode

Altway type, size, cuff and shape
Special procedures, humldifier, filter
Throat pack

Difficulty

Regional anaesthesia
Consent
Block performed
Entry site
Needle used, aid to location
Catheter: yes/no

Patient Position and Attachments
Thrombosis prophylaxis
Teraperature control
Limb positions

POSTOPERATIVE INSTRUCTIONS
Drugs, fluids and doses
Analgesic techniques
Special airway instructions
Oxygen therapy
Monitoring

UNTOWARD EVENTS
Abnormalities
Critical Incidents
Pre-, per-or post-operative
Context, cause and effect

HAZARD FLAGS

Warnings for future care

Newslettor 27 TheﬂoyalCo!legeofAnaeslhetiszs March 1996 9
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380 Anaesthesia for patients with cardiac disease

index.*®® The inability to increase effective
pulmonary blood flow and stroke volume
during strenuous exercise underscores the im-
portance of the pulmonary vascular bed in
determining ventricular filling and the depen-
dence on heart rate to increase cardiac output.

Cardiac catheterization should be considered
if a patient has deteriorating symptoms or
function. In particular, prior to major surgery
or if significant fluid shifts are anticipated,
petforming a haemodynamic study under
fluoroscopy immediately before surgery is
often beneficial. Besides being able to assess
bassline haemodynamics, a balloon-tipped cath-
eter can be left positioned in the pulmonary
artery for intraoperative and postoperative
measurement of pulmonary artery pressure
and mixed venous oxygen saturation. Pulmon-
ary capillary wedge pressure can be measured to
monitor the transpulmonary gradient. How-
evet, the pulmonary catheter is often difficult to
wedge without direct vision because there is no
pulsatile arterial pulinonary flow and the
balloon may not readily float out to a lung
segment., Positioning the catheter using pressure
tracings alone may be difficult and direct vision
using fuoroscopy is preferable. An important

consideration, however, is the risk of thrombo-
sis and obstruction -to venous return after
central venous line placement.

Considerations for anaesthetic management
following a successful Fontan procedure are
shown in Table 14.4, Ideally, the Fontan baffle,

superior vena cava and branch pulmonary

artery pressures should be similar in the' range
of 10-15 mmHg, with pulmnonary venous and
atrial pressure between S and 10 mmHg,
Thete are few reports in anaesthesia literature
about the potential problems posed by this
group of patients when presenting for non-
cardiac surgery. Significant haemodynamic
abnormalities may persist or develop over
time, and ‘coirection’ does not necessarily
imply ‘cure’. Knowledge of long-term outcome
data and potential complications are important
when planning anaesthesia management., The
disparity between subjective or reported symp-
toms and objective evaluation of function often
seen in these patients, highlights the value of
exercise testing preoperatively as a potential
means by which the tesponse to stress during

surgery and anaesthesia can bs assessed.

Table 14.4 Management considerations for patients following a single-ventricle repair

Right atrium RAp 10-15 mmHg
Unobstructed venous return

Pulmonary circulation  PYR < 2 Wood units m™>

Mean PAp < 15 mmHg

— or 1 preload

Low intrathoracic pressure

Avoid increases in PVR, e.g. from acidosis,
hypoinflation and hyperinflation of the lung,
hypothermia and excess sympathetic stimulation
Early resumption of spontaneous respiration

Unobstructed pulmonary vessels

Left atrlum LAp 5-10 mmHg

Sinus rhythm
Competent A-V valve
Ventricle:

normal diastolic function
normal systolic function

no outflow obstruction

Maintain sinus rhythm

~ or T rate to increase CO
— or | afterload

- or T contractility

Inodilators useful because of vasodilation,
inotropic and lusiotropic properties

RAp, right atrial pressure; PVR, pulmonary vascular resistance; PAp, pulmonary artery pressure; LAp, left atrtal

pressure; A-V, atrioventricular; CO, cardiac output.
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ABSTRACT

Baclground ,

Hypotonic saline {such as 0.18—0,3% NaCl with dextrose) is commonly used as maintenance fluid in the management of acute
fnfections, In recent years there have been numeraus reports of hypotonic saline solutions being assoclated with adverse outcomes, To
reduce the tates of adverse ontcomes, use of isotonic saline as maintenance fluid has been proposed.-

Objectives

To assess advetse events and benefits associated with infusion of hypotonic saline compared with isotonic saline solutions in the
tmanagement of acute infections,

Search strategy

\We searched MEDLINE, EMBASE, the Cochrane Controlled Ttials Register; Current Controled Trials and the Specialised Register
of the Injuries Group.

Selection criteria
Randomised ttials comparing hypotonic saline ta isotonic saline in the management of acute infections.
Data collection and analysis

Three reviewers independently evaluated all potentially relevant articles, examined each study for possible inclusion and assessed the
methodology quality using the Cochrane guidelines,

Main results

No tdals met our inclusion criteria,
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Authors’ conclustons

Although there is ample evidence elsewhere that administration of large volumes of hypotonic Auids has led to severe hyponatraemia
and adverse neurological outcomes in many patients with a variety of medical and surgical conditions, we found no randomised
controlled trials investigating whether use of isotonic saline as maintenance fluid in these who require intravenous fluid would 2 be
safer alternative, Careful research with adequate design and sample sizes is needed to evaluate the benefits and safety of using isotonic
saline as maintenance fluid in 2 varicty oF acute clinical conditions,

PLAIN LANGUAGE SUMMARY
No evidence so far to support use of isotonic saline as a maintenance fluid instead oFhypotonic saline

It is common practice to give intravenous (i.v.) fluids to patients with serious acute infections but thete is no agreement as to what
the sodium concentration of these fluids shoutd be. Doctots have traditionally used intravenous fluid that conains 2 lower sodium
concentration than is found notmally in human serumy this is known as hypotonic saline, However; as patients with severe infections
often have low sodium levelsand adverse effects sometimes occur with the use of large amounts of hypotonic saline, it has been proposed
to use intravenous fluids that have a sodium concentration similar to that of 2 healthy person — isotonic saline. This review has been

unable to find any data from randomised trials that establish which is best.

BACKGROUND

Severe pneumonia, bronchiolitis, meningitis, malaria and septi-
caemia ate common causes of hospital admission and mortality.

Standard ¢reatment for most such infections includes antibiotics

or antimalarials, oxygen if hypoxaemia is present, fluids and nu-
trition, It is 4 common practice in hospitals to give intravenous

fluids to patients with these serious acute infections. Appropriate’

indications include: poor tolerance of enteral fluids, risk of pul-
monary aspiration (such as severe respiratory distress or poor con-
scious state), correction of deficits of hydration, and to maintain
electrolyte balance,

‘There is widespread agreement among clinicians that, for resus-
citation of severe hypovolacmia, boluses of isotonic saline (ei-
ther 0.9% sodium chlotide {0.9% NaCl or often called *normal’
saline], or albumin in saline) should be used inicially, The opti-
mal composition and volume of intravenous fluid given to seri-
ously ill patients after initial correction of hypovolaemia, to main-
tain hydration and electrolyte balance duting the acute illness,
remalns uncertain, Many patlents with these setious acute infec-
tions have hyponatraemia (serum Na <130 mmol/L) at the time
of presentation and many have increased antidiuretic hormone
levels (Dhawan 1992; Fajardo 1989; Dixon 1988; Fryatt 1989;
Kaplan 1978; Little 1975; Patwari 1995; Reynolds 1972; Rivers
19813 Shann 1985; Sharples 1992; Freidrich 1994; Miller 1967;
English 1996). Many routinely receive a hypotonic intravenous

salution (for example 0,18-0.3%NaCl, or occasionally even 5%

*dextrose with no sodium) at usyal maintenance volumes (Winters

1973). When given in maintenance volumes, 0.18% NaCl (one-
fifth normal saline) provides the daily sodium requitements for
a well person (2—3mmol/kg/day), However, as many acutely ill
patients have reduced renal water excretion, the excess free water
administered may exacerbate hyponatraemia, Progressive hypona-
traemia and excess free water may result in intracellular water ac-
cumulation; the most worrying effects of this are seizures, brain
swelling and herniation (FHalberthal 2001),

An alternative approach to fluid management aims to avoid accu-
mulation of excess body water and development or progression of
hyponatraemia. Near isotonic saline solutions (e.g. 0.9% NaCl +
dextrose, or Hartmann's solutfon) at volumes that take account of
reduced free water excretion in serious illness may achieve these
aims, In serious acute infections, and in common surgical condi-
tionts, there is impaired renal free water excretion, due to increased
ADH activity. ADH is also secreted in response to other non-
osmotic stimuli that are common in acute illness such as nausea
and vomiting, Giving isotonic safine and no clectrolyte-free wa-
ter will reduce the risk of exacerbating hyponatraemia (Hatbetthal
2001). As this approach provides geeater sodium (Zmmol per kifo-
gram per day if half-traditional maintenance volumes are given as
0.9% NaCl), there may be a risk of salt and water accumulation,

Hypotonte vs Isptonie saline soluttons for lntravenous fluld management of acute Infections (Review) 2
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The safety of this approach needs o be evaluated in a variety of
conditions. Although this strategy may be optiraal for a majorlty
of serfous acute infections, there may be some associated condi-
tions where it is unwise, such as severe malnutcition, congestive
hear faifure or renal impairment, In these conditions, the ability
to handle a salt load is impaired and the risk of cardiac fallure is
considerable, In many hospitals in resource-poor countries, it is
not possible to measure serum clectrolytes or glucose routinely, so

sttategies for fluld management need to be empirical and proven -

to be safe.

OBJECTIVES

The objective of this review is 1o assess whether infusion of intra-
venous hypotonic or isotonic saline solutions lead to diffecent out-
comes in the management of acute infections. The outcomes of
interest fnclude derangements of scruim sodium, seizures, cerebral
oedema, fluid overload, case fatality rates for specific conditions
and neutological sequefac,

METHODS

Criteria for considering studles for this review

.

Types of studies
Randomised controlled teials comparing:

o hypotonic saline solutions (0.45% NaCl or less, such as
0,189 or 0,3% NaCl) with

o isotonic saline solutions (e.g. 0.9% NaCl ot Hartmann's
solution), ’

We seatched for stitable trials that addressed the management of
acute Infections, such as meningitls, peumonta, sepsts, malaria
and bronchiolitis, Studies were included if they i€ they were de-
signed to evaluate differencesin the above clinical or biochemical
outcomes, where at least 50% of the normal maintenance fluid
volume requirements were given as intravenous fluid for 24 hours
or more.

Types of participants

Patients with serfous acute infections: meningitis, pneumonia,
bronchiolitls, septicaemia and severe malatia, The review excluded
trialsin gastroenterts, whereintravenous fluid s given for seplace-
ment of existing volume deficits, and trals in premature infants,
where senal salt and water handling is different to that of mature
individuals.

Types of interventions V

Studics where patients had received 50% or more of their daily
fluid requirements as intravenous fuid, either as 2 hypotonic (e.g-
one-fifthwor one-third normal saline) or as isotonic solutions (e.g
normal satine),

Types of outcome measures

Studies measuring differences between treatment groups with re-
gard to the following.

Acute clinical and blochemical outcomes,

These included the following.

1) Progressive Iiyponatraemia or hypernatraemia associated
.
withs

o seizures
o cerebral oedema
o brain herniation
o death
o other acute nerological deterioration, while patients were
recelving intcavenous fluids.

2) Bluid overload, the definitions of which may include
oedema of the face or body or generalised oedema,
substantial weight gain or signs of pulmonary oedema,

Case fatality rates.

Long-term neurologteal sequelae,

Search methods for identification of studies

Electronic searches
We searched:

o Cochrane Injucies Group Specialised Register
o Cochrane Controlled Trials Register (latest issue)
o EMBASE (1980-August 2002)

¢ MEDLINE (1966-May 2003)

¢ Current Controlled Trials,

The search strategies can be found in Appendix 1,

Hypotonlc vs Isotonic saline solutlons for intravenous fiuld management of acute Infectlons (Review) 3
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Data collection and analysis

Results of all the searches were printed and photocopied. Three
reviewers (AM, TD, RK) independently searched titles, abstracts
and descriptions of all the studles identified by the electronic
seatch, Abstracts of all potentially relevant articles were copled,
Bach reviewer independently examined every study, applying In-
cluston/ exclusion criteria, An emphasis was placed on selecting
RCT5 directly compating isotonic saline with hypotonic saline,
when used as a maintenance fluld in the management of acute
infections, Non-randomised trials were excluded. Disagreements
wete resolved by discussion, While selecting the studies, we also
focused on the method of randomisation, the use of allocation
concealment, the use of blinding, the assessment of outcomes and
excluston of participants after randomisation,

RESULTS

Description of studies

See: Characteristics of excluded studies.

We found no randomised trials that fulfilled the inclusion crite-
ria, Four studies (Singhi 1995; Powell 1990; Duke 2002; Neville
2003) wete short-listed and examined in detail. Tvo studies (
Singht 1995; Duke 2002) compared two regimens of different
fluid volumes, one used hypotonte saline in both the arms of the
trial (Singhi 1995), and the other used 0.45% NaCl in one arm
and nasogastric enteral feeds in the other (Duke 2002), Onestudy
(Singht 1995) was terminated after enrolling 50 patients because
of a trend towards a poor outcome in the patient group receiving
resricted fiuid volumes, However, this study was not designed to
compare the effect of different fuid composition. OF the other
remaining two studies, one (Powell 1990) randomised subjects to
the volume of fluids, but did not specify to treating clinicians what
the content of fluids should be; therefore patients received hypo-
tonic or isotonic fluid on the basis of clinician preference. This
study had a small sample size (n = 19).

On study, which is currently published in abstract only (Neville
2003), compared hypotonic saline withisotonicsaline in gastroen-
teritis, "This condition has been excluded from the list of acute
infections considered for this review, Although this study does not
address the conditions relevant to this review a pertinent finding
was that, despite giving 0.9% NaCl with dextrose ify volumes re-
quited for rehydration, hypernatracmia did not occur,

The reasons discussed above have led to the exclusion of these
scudies from this review:

Risk of bias in included studies

No wials included.

Effects of interventions

Not applicable.

DISCUSSIQON

Randomised teials directly comparing hypotonic saline with iso-
tonic saline as maintenance fluids in the management of acute in-
fections could not be identified in the search, The trials identified
by the search strategy (Powell 1990; Singht 1995; Duke 2002)
compared valumes of fluids rather than composition, One wial
that came to ourattention during the review process (Neville 2003)
compared hypotonic saline with isotonic saline in gastraenteritis,
but this condition was excluded from the review.

There is considerable clinical observational data suggesting an as-
sociation berween hypotonic saline and adverse outcomes in cet-
tain conditions, In addition, there is blological plausibility thar
giving large volumes of hypotonic saline to patients with reduced
free-water excretion will lead to hyponatracmia. However, there
is cuerently no randomised trial evidence to determine whether
isotonic saline s a better maintenance fluid than hypotonic saline,

In the absence of randomised trials of adequate size, we could not
assess refative adverse events and benefits associated with infusion
of hypotonic saline or isotonic saline solutions,

In the absence of randomised trials, enough data could not be gen-
crated to asses adverse events and benefits associated with infusion
of hypotonic saline compared to isotonic saline solutions. This
suggests a need of randamised trial evidence which will be bene-
ficial for deciding whether isotonic saline Is a better maintenance
fluld than hypotonic saline in the management of acute infections
or not,

AUTHORS' CONCLUSIONS

Implications for practice

The limited evidence highlighted by this review indicates that,
despite steong ‘theoretical evidence elsewhere that hypotoric fn-
travenous fuids carry substantial risks in many seciously ill pa-
tients, the safety of using an isotonic saline as maintenance fluld
has not been fully established cither, at feast in a ditect comparison ,
with hypotonicsolutions. In maintenance fluid management there
are two major fssuess (1)-fluid composition (in this contexe the
amount of soditim), and (2) the fluld volume that is administered.
To maintain jsovolaemia most seriously ill patients, after correc-
tion of volume deficits, have reduced fluid requirements because

ic saline solutt fluld

Hypotonlcvs | ps for lntr
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of high antidiuretic hormone levels, Large intavenous hypotonic
fluid volumes in patlents with impaired free-water excretion will
carty arisk of hyponatremia. Therefore, patients with serious in-
fections who are requiting maintenance i.v. fluids after initial re-
suscitation may be least prone to major sodium imbalance if they
were given isotonic saline (plus dextrose) in yolumes that take ac-
count of impaired free water excretion, Currently, however, there
isinadequate evidence that this strategy for fluid management will
result in Important differences in the incidence of adverse clinical
outcomes,

Implications for research

Given the farge numbers of hospitalised patients throughout the
world who receive intravenous maintenance fluids, further re-
search should be encouraged in this field. The use ofisotonic saline
25 malntenance fluid should be evaluated in controfled teials.

Tt would be valuable to test the hypothesis that; isotonic saline
(with 5% dexcrose) at less than standard 'matntenance vol-
umes’ will result in a lower incidence of hyponatraemia, selaures
and adverse neutological cvents than hypotonic saline solutions
(0.18—0.3% saline) in acutely unwell patients with serlous infec-
tions,

Ideal testing of the hypothesis would involve a large randomised
conteolled teial oF hypotonic versus isotonic saline in the manage-
mment of serious infections, However, we think it would be unethi-
cal to include some infections in such a trial, This applies particu-

larly to encephalitls and meningitis, where there is already strong s
theoretical evidence and clinical experience of harm from using
hypotonicintravenous fluld, especially at oenear maintenance vol-
umes, and where there is a higher risk of cerebral oedema and ad-
verse outcomes if hyponatracmia occurs, An alternative approach
it hospitals where hypotonic fuids are the routine standard of care
would be to change the policy such that isotonic saline becomnes
the standard background intravenous fluid, and to carefully audic
the change. Although not as robust as an RCT, this would allow
for a detailed before and after analysis. Outcomes cauld include
differences in the proportions of patients who suffer neurological
events associated with progressive hyponatraemia. Evaluation of
safety could include differences in the frequency of severe hyperna-
tracnila, the occurrence of neurological complications assoclated
with rapidly rising serum sodiurm, or fluid retention.
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Jife threatening hyponatraemia assoclated with the use

of intravenous hypotonic saline In hospitalised children,
including children with gastroenteritis?* Although most
puidelines recommend low osmolarity oral rehydration
solutions for rehydration of children with mild to moderate
dchydration secondary to non-cholera gastroenterltls,””
intravenous fluids are frequently used ywhen oral rehydration
15 not tolerated, particularly in developed countries,** There
is no consensus however on the most appropriate clectrolyte
composition of Intravenous (1V) fluids, with recommenda-
tions ranging from 0.45% to 0.9% saline solutions>” "
Previously, we have documented antidiuretic hormone
(ADH) activity inappropriate for the plasma sodium and
osmuolality in children receiving intravenous fluids for mild to
moderate  dehydration assocfated with gastroenteritis.”
While this could cause dilutional hyponatraemia irrespective
of the saline content of the fluid, the use of a fluid with a
higher tonicity presenting less electrolyte free water should

Rccent publications™ have highlighted the potential for

reduce this risk.!

To explore this, we studied the changes In blood and urine
biochemistry in children with a presumptive diagnosis of
gastroenteritls In whom a decision to treat with IV fluids had
been made by their treating physician, Apart from randomi-
sation to cither normal or half normal saline, other aspects of
managenient, including fluid rate, were determined by the
treating physician based on hespital guidelines and clinical
judgement, As we found previously that the biochemical
response to IV fluids differed according to the plasma sodium
at presentation,”” we analysed the results according to
whether children were hyponatracmic or normonatracmic

at presentation.
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Aims: To delermine wvhether the risk of hyponalraemio in children with gastroenterills receiving
infravenous (IV) fluids is decreased by the use of 0.9% saline.

Methods: A prospeclive randomised study was carried out in o terfiary paediatric hospital. A total of 102
children with gastroenteritis were randomised o receive either 0.9% saline + 2.5% dexirose [NS) or 0,.45%
saline + 2.5% dexirose (N/2) at a rate delermined by their irealing physician according fo hospital
guidelines and dlinical judgement. Plasma elecirolytes, osmolality, and plasma glucose were measured
before (To) and 4 hours after (T, starfing IV fluids, and subsequently if clinically indicated. Electrolytes and
osmolality were measured in rine samples. Resulls were analysed according to whether children were
hyponatraemic (plasma sodium <135 mmol/l} or normonatraemic af To.

Results: At To, mean {SD) plasma sodium was 135 (3,3) mmol/| {range 124-142}, with 37/102 {36%}
hyponalraemic. At T4, mean plasraa sodium in children receiving N/2 remained unchanged in those
intially hyponateaemic (n= 16}, but fell 2.3 {2.2) mmol/l in the normonalraemic group. In contrast, among
children receiving NS, mean plosma sodium vas 2.4 (2,0) mmol/l higher in those hyponatraemic of
baseline {n=21) ond unchanged in the initially normonatraemic children. In 16 children who were siil
receiving IV fluids ot 24 hours, 3/8 receiving N/2 viere hyponatraemic compared with 0/8 recaiving NS,
No child became hypernatraemic.

Conclusions: In gastroenterls Ireated vith intravenous fluids, normal saline is preferable to hypotonic
soline because it protects against hyponatraemia without causing hypernalraemia.

METHODS
The study was conducted at Sydney Children’s Hospital
between the months of August and October 2002, corre-
sponding to the annual peak incidence of rotavirus infec-
tion. Children aged bettveen 6 months and 14 years svith a
presumptive diagnosis of gastroenteritis were cligible for
cnrolment in the study only after a decision to treat with
ntravenous (1V) fluids had been made by their treating
physician, independent of the study {fig 1), The reasons
recorded for this decision were the combination of dehydra-
tion and either continued vomiting or inadequate intake of
oral flnids in the cmergency department. Children ivere
excluded from the study if they had a known abnormality of
ADH sccretion, nephrogenic diabetes insipidus, pituitary or
hypothalamic disease, renal disease, acute or chronic lung
disease, or were recelving drugs known to sthnulate ADH
secretion. The study protocol was approved by the South
Hastern Area Research Bthics Committee and informed
consent was obtained from a parent/guardian of all children.
At enrolment, children were prospectively randomisced to
receive cither 0.45% saline + 2.5% dextrose (N/2) or 0.9%
saline -+ 2,5% dextrose (NS) by sequential selection of an
opaque sealed envelope containing the fluld choice. The
treating physician was told which fluid had been selected,
The rate of infusion was not xandomised, but was determined
by the treating physician according to one of two clinical
protocols in use in the emergency department: the “rapid
replacement protocol” (RRE; 10 ml/kg/h for 4 hours), or the
“slow replacement protocol” (SRP; maintenance fluids® +
Abbreviations: ADH, antidiuretic hormone; IV, infravenous; RRP, rapid
replacement protocol; SRP, slow replacement protocol
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852 children with presumed diagnosis of
gastroenterltis August to October 2002¢

262 eligible children
{Decislon o ireaf with IV fluids made by
treating physicion prior lo enrolment In sudy}

|

124/124 children approached and agreed

to participatet
e ~

62 randomised to 62 randomised to
0.45% safine {N/2) 0.9% saline {N5)

|

51 in analysls 51 in analysis
11 excluded (5 male)
10— no T4 blood sample
1 -~ Incorcect dlagnosls
{renol Impairment)

11 excluded (4 male)
10 = 1o T4 blood sample
1 - fluid type chcnge;in
arror <4 hours

Figure 1 Flow diogram of patient selection. *Corresponding to the
annual peck incidence of rolavirus infection. TA registered nurse vos
employed 40 hours per veek (includinﬁ weekends ond after hours) to
facifitate the correct adminislralion of the study protocol in a busy
emergency department. Earolmentwos corried out only during her shifts.

estimated dehydration as a percentage of body welght
replaced over 24 hours). Blood samples were collected before
(To) and 4 hours after (Ty) the start of IV fluids, with the Ty
measurement corresponding to completion of the RRP. The
study protocol permitted the treating physician to change the
fluid type after the first 4 hours of Infuslon, However this
was done in two patients only: one child was changed from
NS to N/2 at § hours because the plasma sodium concentra-
tion had increased from 130 to 135 mmol); and one was
changed from N/2 to NS at 10 hours because the plasima
sodium concentration remained below 135 mmol/l,

Detalls of the jllness prior to presentation svere recorded.
The admission weight, length (in children under 2 years), or
height and body mass index (BMI; welght/helght?) were
expressed as standard deviation scores {SDS)* Y to allow
comparison across ages, The degree of dehydration at
presentation was estimated using standard clinical mea-
sures.'® Stools for culture and rotavirus antigen testing were
obtained In 35/102 children, 30 of which were positive for
rotavirus antigen, There were no differences in the histotlcal,
clinical, or biochemical characteristics at presentation or the
{luid rate recelved, compating the 51 children who recelved
N/2 with the 51 who recelved NS {table 1) as would be
expected from the randomisation.

The blood samples were analysed for the concentrations of
sadium, potasstum, bicarbonate, urea, and creatinine using
fon sclective electrodes, glucose using an oxygen rate method,
and osmolality using freezing point depression, Urine sample
collection via urine bag in incontinent children and clean
catch specimens in tollet trained children was attempted for
the determination of sodium and potassium concentrations,
tonicity (urinary sodium plus potassium concentration), and
osmolality. In additlon, ketonuria was assessed by
Ketodiastix (Bayer Clinitest 50, Bridgend, South Wales,
UK) in the first urine spechmen passed; the results were
recorded as cither absent, trace, small, moderate, or large. A
sample of the first urine passed was collected in 76/102
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children, in only 43 of whom was it passed betsveen —1 and
+2 hours of To, consistent with this being a dehydrated
population. In 36/43 children a subsequent urine spechmen
(Uzna) was obtained between 3 and 12 hours (median
4.8 hours) after To, allowing analysis of the change in
electrolytes and osmolality. T

The short term response of plasma and urinary clectrolytes
and osmolality to treatment was analysed according to
whether the children were hyponatracmic (plasma sodium
<135 mmol/l) or normonatraemic at To, A change in plasma
sodium of =2 mmol/l was considered to be biochemically
significant as this exceeds the cocfficient of variation (CV) of
the assay for the laboratory reference range of 135-
145 mmal/l {CV 1.3-1.5%).

To gauge the prevalence of hypo- or hypernatracmia during
prolonged fluid administration, plasma and urinary data in
42/102 children {22 N/2) whose IV fluids were continned for
>4 hours were analysed in each child, Variable data on each
child were available (betsveen 8 and 31 hours after To)
depending on the duration of IV infusion.

Statisteal analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS Inc., Chicago, 1L, version
11.0 for Windows). Results were expressed as elther mean
(SD) or median (range) unless otherwise indicated. Means
betwveen groups were compared by independent f tests and
paired variables by palred sample f tests, Medians were
compared by the Mann-Whitney U test and changes over
time were comparced by the Wilcoxon signed rank test.
Categorical data were analysed using cross tabulation and the
42 test or Fisher’s exact test 3f tvo cells had expected counts
jess than 5, Statistical significance was defined as a p value
Iess than 0.05.

RESULTS

Baseline clinical and biochemical characteristics

The mean (SD) plasma sodiuin concentration at To in the 102
children was 135 (3.3) mmol/l (range 124-142). Thirty seven
of the children (36%) were hyponatraemic at To, four of
whom had a plasma sodium concentration less than
130 mmol/l, The median length of illness prior to presenta-
tion was longer in the hyponatraemic children (2 days, range
<24 howrs to S days) compared with the normonatraemic
children {I day, range <24 hours to 7 days; p < 0.01) and
the mean BMI SDS was lower (—0.7 (L2) v —0.1 (L1);
p < 0.01), Comparing the children who were hyponatracmic
versus thase who were normonatraemic at T, there were no
differences in age (mcan 2.8 (1.3) years v 2.9 (2.0) years;
p=0.72), sex (51% v 46% male; p = 0.61), percent dehydra-
tion (medfan 5% (range 3-7) v 5% (range 3-7); p=027),
rotavirus positivity (12/13 v 18/22 tested; p=0.74), or the
type (43% v 53% N/2; p=0.30) or rate (78% v 75% RRE;
p = 0.73) of intravenous fluids subsequently received.

The first urine was passcd a median of 2,3 hours (range
—1.0 to 13.5) after starting intravenous fluids. In the 76/102
in whom this was collccted, the median urinary sodiwm
concentration was higher In samples containing “moderate”
or “large’ ketones (57/76; 58 mmold, range <10-209)
comparcd with those that were negative for ketones or had
only (race or small amounts (19/76; 20 mmol/}, range <10-
109; p < 0.01).

In the 43 children for whom a urlne sample was passed
and obtained within 2 hours of To, the median urinary
osmolality was 971 mOsnykg (range 315-1290 mOsm/kg),
median urinary sodium concentration yvas 58 mmol/l {range
<10-209 mmolt), and median urlnary potassium 71 mmol/l
(range 13-232). The median urinary toniclty (urinary
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néd to receive either 0,45% saline (N/2) or 0.9% sali BRI

{Ns}.

concentrations of sodium + potassium) yvas 161 mmol/l
(range 19-300), approximately that of normal saline
(154 mumol1). The urinary sodium, tonicity, and osmolality
were similar in the NS (20/43) and N/2 (23/43) groups
(table 1) and were independent of whether children were
hyponatraemic (16/43) or normonatraemic (27/43) at base-
line (hyponatraemic versus normonatraemie children: med-
{an urlnary sodium 52 {range <10 to 204) v 70 (range <10 to
209), p = 0.39; median urinary tonicity 131 mmol/ (range 19
to 285) v 163 mmo)/l (range 22 to 300), p=0.1; median
urinary osmolality 935 (range 315 to 1290) v 1036 (range 356
to 1239), p =0.35). The medtan urinary potassium however
wras lower in the hyponatraemic children (68 (range 13-91) v
89 (range 16-232), p=0,03).

Effoct of IV fluid infusion rate on change in plasma
sodium

The infusion 7ate (RRP versus SRP) was niot a determinant of
the change in plasma sodium in cither treatment arm,

In the NS group, those treated with the RRP (38/51) had a
median change in sodium of +1 mmolAl (range —7 to 6}
versus SRP 42 mmol/ (range —1 to 8) (p =0.08). In children
recelving N/2 the median change in plasma sodium in those
who received RRP (40/51) was —1 minolAl (range —6 to +2)
versus —1 (range —5 to ++3) in those treated according to the
SRP (p =0.92, Mann-Whitney U test).

vrvevt,orchdischild.com
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Effect of IV fluid type on plasma sodlum at T4

The plasma sodium response to N/2 versus NS differed
depending on whether the children were hyponatraemic or
normonatraemic initially,

After 4 hours rchydration with N/2, the mean plasma
sodium had not changed in the hyponatracmic children
(p=0.32) but had decreased significantly in the initially
normonatracmic group (p < 0.,001; table 2, fig 2). In the
normonatraemic group, plasma sodium decreased by
=2 mmold in 51% (18/35) compared with 13% (2/16) in
the hyponatraemic group (p < 0.001; table 2). In 20% of the
initially normonatracmic children (7/35), the fall was
=5 mmol/l, The maximum decrease was 6 mmol/l in tvo
children treated with N/2 by RRP. The maximum inerease in
plasma sodium over 4 hours was 3 mmol/ in a child treated
with N/2 by SRP,

In contrast, after 4 hours rchydration with NS, there was a
mean increase in plasma sodium of 2.4 (1.5) nunoll in
children who tvere Initially hyponatraemic (p < 0.001)
compared with no significant change in the normonatracmic
group {p = 0.08; table 2, fig 2). Thirteen pey cent (4/30) of the
normonatracmic group and none of the hyponatraemic group
experlenced a decrease in plasma sodium of >2 mmolA
(table 2). The maximum decrease i plasma sodium
concentration was 7 mmold (140 to 133 mmold) in a
normonatraemic child, in whom fluids were discontinued
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Table 2 “Medn (SD).pksmq sodiom and osmolality
{infiially bypona :

‘who, recelved either 0,45% saliné +2.6% dextrose.

at baself

{N/2)

ne (Tg)'ﬁnd afier 4 hours.of inlrg}é.nous rehydration (T} in the
raenic {plasma sodium <135 mmol/l) versus normonalraemic (plasma sodium 135-145
or 0.9% saline +.2.5% dextrose {NS) e

/1) children .

: :
003, hyponatraemic childiea NS versys N/2,
£0.00], igrmanatroémic children NS versus N/2.

at completion of the RRP; it was associated with an
inappropriately high urinaty sodium concentration in concen-
trated urine at 6 hours (urinary sodium 76 mmol/J, potassiumn
94 mmol/, tonicity 170 mmol/, osmolality 885 mOsm/kg). The
maximum increase jn plasma sodium over 4 hours was
8 mmol/, from 124 to 132 mmaoll in a child treated with NS
by SRP, Plasma osmolality changes in all groups were consistent
with changes In plasnia sodium {Table 2).

Response of urinary sodivm, tonicity, and osmolality
to 1V fuids
To assess the response of urinary electrolytes and osmolality
to IV fluids, only the 36 children with a bascline (Up,ge) and
subsequent (Uspg) urine sample were analysed (table 3).
Apart from being slightly older than the rest of the study
group (median 3.8 years (range 1.1-11.9) v 2.0 years (range
0.8-7.5); p < 0.001), the 36 children’s clinical and biochem-
ical data (Tp and Ty4) were comparable with the group as a
whole, Nineteen received NS and 17/36 received N/2, Bight
children in each group were hyponatracmic at To.
Irrespective of the fluid recelved or the plasma sodium at
T, wrinary polassium concentration decreased (table 3),
which would be consistent with a decrease in aldosterone

secretion following volume cxpansion. In contrast, the
urinary concentration of sodium in the second sample varied
according to the initlal plasma sodivm concentration and the
flutd received. The urinary concentration of sodium decreased
in the hyponatraemic children treated with NS and tended to
do so in those xcceiving N/2 {table 3), whereas it increased in
the normonatracmic children receiving NS and did not
change in those receiving N/2 (table 3},

n keeping with the changes in concentration of sodium
and potassium, the median urinary tonicity of the second
urine sample had decreased significantly in the hyponatrae-
mic children (table 3} to less than that of half normal saline.
In the normonatracimic children, the median urinary tonicity
decreased, but remained above that of half normal saline in
the N/2 group and remained approximately that of normal
saline in the NS group.

Median urine osmolality decreased in both treatment
groups irrespective of the initial plasma sodium (table 3),

Biochemical changes durlng more prolonged Fluid
administration

Forty two children (22 N/2 and 20 NS} received 1V flulds for
more than 4 hours, These comprised all 24/102 children who

A Al children B Hyponalraemie at To C Normonatraemic ot Tg
145 - 145 — 145
*0 < 0,001 *p < 0.001 *p < 0,001 *p < 0,001
*

140 140 140+~
=
>
g
E 135 185+ 185
£
2
8
g 130 130 180 —
H
o *
&

125 125 125

* *
120 120 120 l !

N/2 {51 NS (51) N/2 [16)

NS [21) N/2 {35} NS (30)

Fl’]?ure 2 Box plots showing the plasma sodium concentration ot basefine {To; shaded) and after 4 hours 4ST4;whiIe) Infusion of efther N/2 or NS in {A)
Q.

children and those who were either (B) hyponatraemic or {C] normonalraemic prior o slarting IV flul

s, Box plots shovr the mean (solid horizontal

line}, median {dashed horizontal line}, Inferquariile range {box limits}, and minfmum and maximum (whiskers), except thot exireme oulliers [greater

thon 1.5 box lengths from the edge of the

x) are shown s individual data points, In the N/2 group, mean plasma sodium cancentration did not

change in the initially hyponatraemic children and decreased in the Inifially normonoleaemic children. In the NS group however, meon plasma sodium

increased
*Paired Flest Ty v
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In the h{ponotmemic children and did not change in the normonatraemic children. No child become hypernotraentic.
0.
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were treated according to the SRP (table 1) plus 18/78 (11 N/
2, 7 NS) who completed the RRP but continued 1V fluids
according to the SRP because of continued vonilting or poor
oral fluld Intake. Plasma biochemistry at T4 was similar to
that of the group as a whole (data not shown). Plasma
sodium concentrations were available at 24 howrs in 16
children (8 N/2) who continued to receive at least half of
thejr maintenance requirement of fluid* intravenously, at
which time no child receiving NS had a plasma sodium
<135 mmol/l (range 135-142 mmol/l) compared with 3/8 of
the N/2 group (range 131-140 mmold). The maximum
increase in plasma sodium over 24 hours was 12 mmol/l to
136 mmol/l in a child recelving NS,

To gauge the potential for clinically significant dilutional
hyponatraemia among the 42 children who received pro-
longed 1V flulds, cach individual's longitudinal biochemical
data were studied. Five of the 22 treated with N/2 but none
treated with NS (N/2 v NS: p=0.03, Fisher's exact test) had
persistent significant hyponatraemia {sodium <131 mmol/l)
or falls in plasma sodium =4 mmolA to below 135 mmolA
associated with an inappropriately high urinary sodiwm
content (range 30-140 mmol/) and urine osmolality higher
than plasma osmolality (range 462-1058 mOsnykg), suggest-
ing that they were at risk of dilutional hyponatracmia. The
plasma and urinary abnormalities were documented to
persist for a median of 19 hours {range 8-27).

As no child who received prolonged NS developed this
problem, we analysed data from the 22 children who recelved
N/2 for more than 4 hours to identify potential clinical or
blochemical predictors that could allow carly detectlon of
those at risk. Comiparing the five children who developed
significant dilutional hyponatraemia with the remaining
17/22, no clinical or biochemical parameters emerged that
would allow carly identification of those at risk, except for
continuation of 1V fluids beyond 4 hours after completion of
the RRP (completion of RRP: 5/5 affected v 6/17 unaffected;
p=0.04). Apart from a slightly higher median urca
{6.8 mmoll (range 53-9.1) v 5.1 numolft (range 1.2-8.7);
p=10,02) suggestive of more severe dehydration, there were
no differences in their median age (p=0.09), BMI SDS
(p=0.24), estimated degree of dehydration (p=054),
length of iliness prior to presentation (p=049), baseline
plasma sodium (p = 0.82), bicarbonate (p = 0.09), or creati-
nine (p = 0.14). Three of the five children had stool cultures
performed, all of whom were positive for rotavirus.

DISCUSSION

Recently, the basis for the usc of intravenous hypotonic saline
solutions in sick children has been questioned and it has been
suggested that the use of isotonic saline solutions might
decrease the frequency of latrogenic hyponatraemia.' ** In
this prospective, randomised study we have shown that svhen
children with gastroenteritis arc treated with intravenous
fluids, hyponatraemia is less likely to develop or persist if an
isotonic rather than hypotonic saline solution is used.

The baseline clinical and biochemical characteristics of the
102 children in our current report were simifar to those jn our
previous study.” Hyponatraemia was common at presenta-
tion (36%). This has been attributed to the sodivm content of
diarthoeal losses” ® and low salt intake;" but the inappro-
priately high urinary sodium content we again documented
at presentation may also contribute, The relationship we
observed between the sodium concentration in the first urine
sample passed and the degree of ketonuria suggests that the
excretion of ketones as sodium salts may have contributed to
the relatively high urinary sodium concentrations, consistent
with reported association between natriuresis and starva-
tion? #
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What is already known on this topic

Non-osmotic ADH activity is thought to undeslie the
development of hospltal acquired dilutional hyponatracmia
by preventing the excretion of clectrolyte free water during
fluid admninistration.’ * Gerlgk and colleagues” documented
ralsed ADH levels independent of osmolality in children with
a vatiety of common acute childhood illnesses and we have
reported that osmotically inappropriate ADH activity is
common and persistent in children with gastroenteritis,”
Consistent with this, the biochemical response to N/2 was
almost identical in this and our previous study" in which all
of the children received N/2. In both studies, the mean
plasma sodium concentrations of children who were initially
normonatraemic decreased, and those of children who svere
hyponatraemic ¢id not improve In response to N/2, Half the
normonatraemic children and 13% of the hyponatracmic
children treated with N/2 experlenced a decrease in plasma
sodium =2 rmnol/, and after 24 hours, 3 of 8 children largely
dependent on IV flulds were hyponatraemic. In contrast, the
use of isotonic saline over 4 hours resulted in maintenance of
plasma sodium in those initially normonatraemic and an
increase in those initially hyponatracmic. None developed
liypernatraemia. After 24 hours, all 8/51 children stiil
receiving normal saline were normonatraemic, Five of the
22 (23%) who recelved prolonged half-nommal saline dis-
played blochemistry suggestive of dilutional hyponatraemia,
compared with none of the 20 treated with normal saline.
These findings suggest that in children with gastroenteritis,
the use of hypotonic fluids exacerbates the tendency to
develop hyponatracmia whereas the use of isotonic saline is
protective,

The urinary biochemistry may provide some basis for
understanding the decreased risk of hyponatraemia in
children given isotonic saline and is reassuring with respect
to the risk of hypernatracmia. As seen in our previous study,"
despite mild to nioderate dehydration and irrespective of the
plasma sodium concentration, the median urinary sodium
concentration at presentation approximated that of half-
normal saline and the urlnary tonicity approximated that of
normal saline, Urinary tonicity Is a belter reflection of free
water clearance than urlnary osmolality™ because an
mportant component of osmolality is urea, which readily
crosses cell membranes and therefore docs not influence
water movement. Administration of a fluid of lower tonicity
than that of the urinc being passed is predicted to result in a
decrease in plasma sodium concentration because of the
retentlon of free water implicit in the excretion of urine with
a higher tonicity. After several hours of 1V {luids, the urinary
potassium decreased in all children fn our study and the
medfan urinary sodtun concentrations of the hyponatraemic
children in both treatment groups had decreased to levels
consistent with maximal renal conservation of sodium
(approximately 20 munol/l;® ¢ table 3); thus the urinary
tonlcity of the hyponatracmic children had decreased to less
than the tonicity of N/2. As a result, the plasma sodium
concentrations of the hyponatraemic children receiving
hypotonic saline were maintained (but not improved) over
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What this study adds -

4 hours, whereas plasma sodium increased in the hypo-
natracmic children who recetved NS, a fluid roughly isotonic
with respect to their Initial urlnary tonicity. The normona-
traemic children on the other hand, did not conserve sodiunt.
Although urinary potassium excretion decreased in these
children, the median urinary concentration of sodium was
unchanged in the N/2 group and increased in the NS group.
The normonatracmic children treated sith N/2 therefore
continued to excrete urine that was hypertonic relative to the
infused fluid, This would explain the accompanying decrease
in plasma sodium concentration. Those given NS continued
to excrete urine isotonie with respect to the infused fluid and
maintained their plasma sodium concentration unchanged.

The basis of the greater renal avidity for sodium in the
hyponatraemic compared with the normonatracmic children
is unclear. A similar phenomenon has been described in rats
infused simultancously with normal saline and ADH, in
whom those fed a salt poor diet prior to the infusion ere
better able to retain sodium and maintain their plasma
sodium than those whose dietary content of salt had been
normal? The median duration of illness was longer jn the
hyponatracmic children and therefore, in addition to morc
prolonged sodium losses in diarrhoeal stools'” and urine,”
thelr dietary intake of sodium is likely to have been lower
than for those children who were normonatracmic at
presentation. Relatively chronic sodium depletion therefore
may have promoted the development of renal adaptlve
responses, resulting in more rapid reversal of the natriurests
evident at presentation, Differential suppression of aldoster-
one activity In the normonatracniic versus hyponatraemic
children during fluid therapy might have contributed if the
hyponatracmic children swere more dehydrated at baseline;
however there were no clinical or biochemical data to support
this. Furthermore, the similar decrease in urinary potassium
in the hyponatracmic and normonatraemic children and
significant decrease in urinary sodium concentration in the
hyponatraemic children treated with NS but not N/2 suggests
that mechanisms other than aldosterone were acting,

We conclude that when intravenous fluids are deemed
necessary in children with gastroenteritis, isotonic saline
solutions with appropriate glucose content should be used,
The guestion arises however as to whether this recommenda-
tion should be restricted to gastroenteritis. Non-osmotic
stimulants of ADH sccretion (such as nausea and vomiting,
pain, and metabolic stress)* are common and likely to be
active in a vavlely of clinical situations for which intravenous
flutds are used. The protective effect of normal saline against
the development of hyponatracmiia and the ability of the
normonatracmic children to increase urinary sedium excre-
tion suggest that broadening the use of fsotonic fluids with
appropriate glucose content should be considered.
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Background: The traditional recommendations which suggest that hypotonic intravenous {IV) maintenance
fluids ars the solutions of choice in paedialric patients have not been rigorously fested in clinical triols, and
may nol be appropriate for all children,

Aims: To systematically reviev: the evidence from studies evaluating the safety of administering hypotonic
versus isotonic IV mainlenance fluids In hospitalised children.

Methods: Dala sources: Medline (1966-2006), Embase (1980-2006), the Cochrane Library, abslract
proceedings, personal files, and reference lists. Studies that compared hypotonic fo isolonic maintenance
solutions in children were selected, Case reports and sludies in neonales or palients vith a pre-existing
history of hyponalraemia were excluded.
Resulis: Six studies met the selection criteria, A meta-analysis combining these studies showed that
hypotonic solutions significanfly increased the risk of developing acute hyponalraemia (OR 17.22; 95% CI
8.67 10 34.2), and resulled in greater patient morbidity.

Concluslons! The currenl praclice of prescribing 1Y maintenance fluids in children is based on limiled
clinical exparimental evidence from poorly and differently designed studias, whers bias coutd possibly
raise doubt about the resulls. They do not provide evidence for oplimel flvid and electrolyte homosostasis
in hospitalised children, This systematic review indicates potantial harm with hypolonic solulions in
ciildren, which can be anticipated and avoided with isolonle solutions. No single fluid rate or composition
is ideal for all children. However, isofonic or near-isolonic solulions may be more physiological, and
therefore a safer choice in the acute phase of illness and perioperative period.

provide free water and electrolyte requirements in a fasting

patient. The prescription for IV maintenance fluids was
orfginally described in 1957 by Holliday and Segar, who
equated frce water requirements from energy expenditure in
healthy children.! They rationalised adding 3.0 and 2.0 mEq/
100 kcal/24 b of sodfum and potasstum yespectively, as it
approximates the electrolyte requivements and urinary
excretion in healthy infants** This is the basis for the
current recommendation that hypotonic 1V maintenance
solutions are ideal for children* * The Holliday-Scgar system
remains the most universally used to date, because of the
stmplicity of thelr formula. While these reccommendations may
be appropriate for the healthy child, they do not necessarily
apply in acute iltness, where energy expenditure and electrolyte
requitements deviate significantly from this formula

The numbers of deaths and significant ncurological
sequelae from hospital acquired hyponatraemia in children
receiving hypotonic maintenance solutions have increased in
the past 10 years.™" Several narrative reviews have suggested
potential harm with these solutions and reccommend that
routine use in children be reconsidered.” ™ Despite these
concerns, standard texts and guidelines continue to recom-
mend hypotonic maintenance solutions for all paediatric
patlents.* * The objective of this systematic yeview was to
evaluate the safety of hypotonic versus isotonic 1V main-
tenance solutions in hospitalised children. Our secondary
objective was to identify subgroups who are at greater risk of
morbidity, in whom hypotonic solutions should be avolded.

Imravcuous (Iv) maintenance fluids are designed to

METHODS

Search strategy

We scarched Medline (1966-2006), Embase (1980-2006),
and the Cochrane Library, using the terms: “fluid therapy”,

voveve,archdischild.com
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“hypotonic solution”, “isotonic solution”, and synonyms or
related texms {Appendix 1; sce http://wwiv.archdischild.cony/
supplemental), We searched online (BirstSearch, Conference
Proccedings) or published conference proceedings, and
Current  Controlled Trlals  {(wivw.controlled-trials.com).
Abstracts from the following 200205 scientific forums were
hand searched: World Congress on Pediatrie Intensive Care,
Soclety for Pediatric Rescarch, Critical Care Congress, and
American Academy of Pediatrics, We revicived the reference
lists of all identified studies and reviews, and also personal
files, and contacted experts and first authors to identify other
published or unpublished studies.

Study selection
Cltations considered potentially relevant by either of two
reviewers (KC or MK) were retrleved using the following
inclusion criteria:

o Controled trials, cohort, and case-control studies, Cohort
studies had to compare patients receiving hypotonic IV
maintenance solutions with a control group or unexposed
cohort who recelved isotonic solutlons, Case-conirol
studies had to compare cases, to a control group who did
not have the outcomes of interest.

Children (1 month to 17 years) hospitalised for any
medical or surgical condition. We included a diverse
paediatric population ta capture all potential patients who
currently receive “standard IV maintenance therapy”.
Intervention: currently used hypotonic and isotonic 1V
maintenance solutlons, Solutions were classified as

cetierasrieaaes

e

Abbreviations: €I, confidence interval; ECF, extracellvlar Ruid; v,
intravenous; PNa, plosma sodium; RCT, randomised controlled triol;
WMD, weighted mean difference
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Polentially relevoni studies
identified

0w 104
{Database:; 87, handsearch: 12,
author contac: 4]

Studies excluded:
Met exclusion criteriat 12
Duplication of dale: 40

Polentiolly relevant studies
relrleved for assessment
n s 52

Studies excluded:

Study prolocol; 14
Narralive reviews: &= 14
Letters/commentary: 4
Casa reporls/serles: 14

Sludies retrleved for more
delailed evoluation n = 19

Siudies excluded:
Interventions of inferest nof
compared/described: 7
No control group: 4
Oulcomes of interest not

described: 2

Studtes with usoble Information
by ovicome n = 6

Figure 1 Flove diagrom of the study selection process for Ihis syslematic
reviews,

“hypotonic” if they contained <0.9% NaCl, or “isotonic or
near isotonic” (le. 0.9% NaCl or Ringers Lactate). We
excluded case reports and studies of fluid resuscitation
and oral rehydration therapy. Studics enrolling neonates,
patients with pre-cxisting hyponatraemia and co-morbid-
ities which result in sodium derangements {e.g. renal
disease, diabetes insipidus, diuretic therapy), were also
excluded,

Study oulcomes .

Studles were included if any of the following outcomes
related to the development of acute hospital acquired plasmia
sodium (PNa) derangements and/or their attributed morbid-
ity were reported: fluid balance, clinical evidence of volume
overload, hypertension, seizures, cerebral ocdema, death,
pacdiatric intensive care unit admission, and length of stay.
We used PNa as & surrogate outcome, as it is a convenient
reflection of tonicity balance, and represents the potential for
fluid shifts between intracellular and extracellular fluid
(ECE) compartments. This in tum may result in clinically
relevant morbidity, such as the defined outcomes of interest,
A priorl, we defined hyponatraemia as PNa <136 mmolfl,
and severe hyponatraemia as PNa <130 mmol/, or any level
of hyponatraemia assoclated with symptoms. We also
examined hypernatraemia since the arguments against the
use of isolonic solutions in children include remal solute
loading and the risk of increasing PNa. We defined
hypernatracmia as PNa >145 nunol/l.

Data abstraction and study quality

Tn duplicate and independently, we abstracted data to
describe the methodological quality and clinical character-
istics of these (rials. We contacted authors where necessary
for additional data on outcomes of interest, We extracted the
following information; study populatlon, sample size, Inter-
vention, duration, and type of exposure and outcomes. The
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AS - INQ

829

methodological quality of included studies was assessed
using predefined criteria (Appendices 2 and 3; see hitp:/
wivw.archdischild.com/supplemental).

Data analysis

Cohen’s Kappa statistic was used to calculate agreement
betwveen xaters. For categorical outcomes, treatment effects
were expressed as odds ratios (OR) and 95% confidence
intervals (CL), We described treatment effects of continuous
outcomes using weighted mean differences (WMD) and 95%
CI. We calculated sumnmary risk differences and 95% Cl using
a random cffects model (RevMan Version 4.2). Where
statistical pooling was not possible, we described our findings
qualitatively.

RESULTS

Study selection

We identified 52 potentially relevant articles from 104
citations {fig 1); 33 did not meet inclusion criteria. Of the
19 studies retrieved for detailed evaluation, seven did not
describe or compare the interventions of interest, four did not
describe a control group, and two did not report any of the
outcomes of interest. Six studies satisficd all criteria (table 1).
Cohen's Kappa for inclusion decisions was 0,81 (almost
perfect agreement),

Study characteristics

We report the characteristics of the six included studics in
table 1. There were two unmasked randomised controlied
trials (RCT)," ¥ and one non-randomised controlled trial.*
Three were observational studies.”* Tables 3-5 outline the
study quality and methadological characteristics—the overall
quality of included studies was often limited; allocation
concealment, blinding of patients, clinicians, outcomes
assessors, and outcomes were inconsistently or not reported
across studies.

Clinical outcomes

Plasma sodium

The standard deviations (SD) were not presented for PNa in
one of the studies.” Thus, we calculated a pooled SD to
compare the PNa across studies. Hypotonic muaintenance
solutions significantly increased the risk of devcloping
hyponatraemia (OR 17.22; 95% CI 8.67 ta 34.2) (fig 2).
Mean PNa in patients following hypotonic solutions was
significantly lower (—3.39 mmol/}; 95% CI —5.35 to —1.43),
than those who received isotonic solutions (fig 3). The PNa
also decreased significantly greater in patients who received
hypotonic solutions {—5.37 mmol/l; 95% CI —~8.79 t0 —1.94,
fig 4). None of the studies reported the development of
hypernatraemia. However, three studices reported a decredse in
PNa despite the infusion of isotonic or nearsotonic 1V
maintenance fluids (table 1),

Morbidity attributed to hyponatraemia

Adverse clinical outcomcs were reported in three studies.”
wilkinson reported sclzures in 2/26 patients receiving
hypotonic fluids (OR 6.22; 95% CI 0,29 to 135.8)." Hoorn
reported nausea and vomiting more commonly in patients
with hospital acquired hyponatraemia (68%, p=10.008)"
than isonatracmic controls, The presence of increased
pulmanary interstitlal fluid on chest x ray was reported by
Burrosws in 15/20 of patients receiving hypotonic solutions
and 2/4 in the near-isotonic group.™ The clinical significance
of this finding was not comniented on by the authors. Other
outcomes of interest as listed in our objectives were not
reported,
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Volume of IV fluid admtnistralion

Hoorn teported that patients 1vith hospital acquired hypona-
tracmia did not receive significantly greater total fluid
volume than isonatracmic patients, however the caleulated
electrolyte-free water fntake was three times greater com-
pared to the fsonatraemic controls (p < 0.001). The total
sodium intake in mmol/kg/h was not significantly different
betwveen the two groups.” The volume of IV fluid infused was
not a determinant of the change in PNa at four howrs in
Neville's study of patients with gastroenteritis.”” Fluid
balance and volumes of fluid infused were not spectfically
presented in the other studics, but described as “same in both
groups”.

Subgroups

Tour of the included studies were in surgical patients,' ' 7 *
and onc study enrolled patients with gastroenteritis.'” Hoorn
identified more surgical patients in the hospital acquired
hyponatraemia group (16%), than in the isonatraemic
controls (5%, p=0.04)." All studics examined associations
using univariate analyses; none used multivariate analyses to
adjust for confounding factors.

Heterogeneity

Given the small number of studies, we chose to include and
analyse results from both controfled trials and observational
studies. Visual Inspection of the Forrest plots indicated study
helerogencity; however formal statistical tests in this
instance are underpowered to detect and adjust for clinically
important heterogenelty, given the small number of out-
comges, patients, and studies. We thus chose to describe the
sources of clinical heterogeneity. (1) Patients included in this
systematic review were heterogencous, however the majority
of studies were in the surglcal population. (2) The degree of
exposure Io the interventions varied betwveen studies—the timing
of PNa measurements occurred after variable degrees and
duration of exposure to intervention. {3) The majority of
studies were limited in their qualily (tables 3-5). Despite
apparent heterogeneity in study design, participants, and
quality among these studies, the treatment effect nevertheless
appears to be remarkably consistent across the studies.

DISCUSSION
Intravenous fluids are used in children to either expand a
contracted ECF space or as “maintenance” to replace urine

Review: Hypolonic versus Isolonic ¥ malnlenance fulds in children: Metaanalysis
Comparison: 01 Hypotonlc vs isofonic solution
Oul 01 Devel t of hyponatremia
Study Hypotonic Isotonic OR (random} Waight OR {random]
or subcategory n/N n/N 95% Cl % 95% Cl
Neville 21/31 2/21 ——a— 17.51 19.95 (3.87, 102.86)
Braze} 717 /5 e 406 4500 (1.49, 1358.27)
Hoorn 28/53 9/105 —E— 6215 11.95 (5.00, 28.53)
Wilkinson 20/26 2/30 — w1629 46,67 {8.52, 255.47)
Tolal (95% Cl) 117 161 > 1000  17.22 (8.67, 34.20)
Tolal events: 76 {hypolonic}, 14 {isofonic)
Test for helerogenely: 1 = 2.35, df = 3 [p = 0,50}, 12= 0%
Test for overall effect: Z= 8,13 ( p < 0.00001}
i { | [
0.01 0.1 1 10 100

Favours hypolonic Fovours Isofonfc

Fgure 2 Forrest plof summarising the ocds ratios and assoclaled 95% confidence intervals for developing hyponotraemia in children recelving

hypotontc compared to fsotonic IV mainterance fluids.
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Review:
Comporison: 01 Hypotonie vs isotonlc solutlon

833

Hypolonic versus isolonic IV molntenance fiulds In children: Meta-anolysis

Oulcome: 04 Pos! Iv fluid PNa
Study Hypotonic fluid [sotonc fluld WMD {randorm) Waight WMD [random}
or subcategory N Meon (SD] N Mean [$D} 95% Cl % 95%Cl
Neville 51 13430 (2.10) 51 136.30 {3.30) ~a- 43.44 2,00 (-3.07,~0.93}
Brazel 7 12900 (3.79) 5 138.00 (651) w—— 798 <900 [-15.36,-2.64)
Burrows 20 131.00 (2.80) 4 13500 (190  —m— 3033 400 [-6.23,-1.77)
Dagli 20 13330 (4.58) 20 13655 (6.97) —w—1 1825 325 [-691,041)
Tolal {95% Cl} 98 80 100.0 ~3.39 |-5.35,-1.43)
Test for heterogenely: 3 = 6.72, df = 3 {p = 0.08), * = 55.4%
Test for overall effeck Z = 3.39 {p = 0.0007)
1 | 1 |
~10 -5 0 5 10

Hypolonle solvlion Isofonle solution

Figure 3 Comparison of PNa levels following hypotonic versus isolonlc or near-isolonic IY mainlenancs fluids.

Review: Hypolonic versus Isofonic [V malntenance flulds in children: Meta-analysls
Comparison: 01 Hypotonc vs isotonlc solution
Ovlcome; 02 Mean change in PNa
Study Hypotonlc Isofonic WMD [random} Weight WMD {random)
or subcotegory N Meon {SD) N Mean {SD) 95% Cl % 95% Ci
Neville 35  -230(220] 30 080 [2.40) - 3543  -2,10 [-4.23,-1.97)
Brozel 7 -12.50 (2.80] 5 -2.00(1.90} «— 3014 -10.50 [-13.16, 7.84)
Burrows 20 -6.20{2,90) 4 -3.00 (0.80) —— 34.43 -3,20 [-4.69, ~1.71}
Totol (95% Cl) 62 39 100.0 -5,37 [-8.79, -1.94}
Yest for helerogenelly: 72 = 26,43, df = 2 [p = 0.00001), I = 92.4%
Test for overall effect: Z = 3.07 { p = 0.002)
{ | 1 |
-10 -5 0 S 10

Hypolonic solufion sofonic solulion

Figure 4 Mean change in PN following hypotonic versus isotonic IV malntenance flvids.

output and inscnsible losses. In the former fnstance isotonic
or near-isotonic saline is recommended on the basis that it is
the physiologically appropriate solution, In the latter case
hypotonic saline solutions are the accepted standard of care.
This systematic review reveals that the cvidence for the safety
of this ubiquitous practice is limited, with only six published
studies (only two of which were RCTs) reporting data on a
total of 404 patients. The current level of evidence suggests
that hypotonic maintenance solutions in children are not
benigh, but in fact potentially dangerous. The overall
treatment cffect is remarkable with the odds of developing
hyponatraemia following hypotonic solutions betng 17,2 fimes
grealer than with isotonic fluids, Hence, there are potential
risks assoclated with the use of hypotonic solutlons in
children, such as cerebral oedema precipitated by an acute
fall in serum osmolality.

Hyponatraemia occurs duc to a positive balance of
electrolyte frec water, combined with an impaired ability to
excrete hypotonic urine secondary to ADH secrction. A
significant correlation between free water intake and
decreasc in PNa has been demonstrated.® The primary source
of electrolyte free water is the exogenous administration of
hypotonie fluid. In contrast to healthy individuals, hospita-
lised patients have muliiple non-osmotic stimuli for ADH
secretion, which prevents them from producing water
diuresis even in the presence of a PNa that is lower than

INQ-AS
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136 mmolA.”2 ¥ 2 In such patients, there will be very little if
any excretion of electrolyte free water, because ADH makes
the later parts of the distal nephron permeable to water.” The
risk of hyponatracmia in these patients is under-recog-
niscd," ¥ * and Is thus compounded by the administration of
hypotontc solutions. However, the administration of isotonic
maintenance solutions at least in children with meningitis,
has been showwn to result in a more rapid return of ADH to
normal concentrations, when compared to hypotonic fluids.
Neville demonstrated that patients admitted with gastro-
enteritis have obligate urinary sodium losses irrespective of
initial PNa,"* The urinary tonicity at presentation of these
patients  approximates that of normal saline. Thercfore
infusion of a hypotonic solution which is fower fiv tonfcity
than that of urine passed is predictive of a decrease in
subscquent PNa.

The concern that isotonic maintenance fluids may cause
hybernatracmia is not supported in the studies we reviewed,
nor Is It reported in adults where the usc of isotonle sohutions
is routine. On the contrary, the risks of hyponatracmia may
also cxtend to patients who recelve isotonic fluid.*-*¢ * ** This
can be explained at least in part by the excretlon of relatively
hypertonic urine as demonstrated by Neville and others,® * **
Steele observed that the expansion of the ECE with Ringers
Jactate in the perloperative period results in the production
of a hypertonic urine resulting in “Qesalination”.2* However,
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What is already known on this tepic

hypernatraemia can occur during the administration of
isotonic saline if a hypotonic urine is produced, leading to a
positive sodium balance.

The traditional guidelines for fluids in children, published
50 years ago, and more recently reiterated,” ** were derived
from estimates of insensible water losses, and clectrolyte
requirements for normal growth.' These calculations have
since been criticised, and may lead to an overestimation of
hypotonic fluid requircment in sick children,® # It has been
demonstrated that it is not simply Na* intake, but morcover
its ratio to clectrolyte free water intake that influences PNa.*
These findings challenge the previous recommendations
made by Holliday and Segar, and argue for a maintenance
solution and volume which maintains tonicity balance during
actte illness, rather than one which merely provides a daily
sodium or caloric requirement. We used PNa as a surrogate
measure of morbldity related to fluid shifts between intra-
angd extracellular compartments, PNa is a convenicnt marker
as it reffects the ratio between effective osmoles and total
body water, As Na* is the principal extracellular cation and
therefore the main determinant of ECR volumic, it regulates
water movement across cell membranes and explains the
development of intracellular oedema that occurs in the
presence of hyponatracmia. The expansion of intracellular
fluid volume is of major importance in the central nervous
system as the brain is confined in a rigid bony cage and has
only limited ability to expand. Thus brain cell swelling is very
likely to increase intracranial pressure and predispose to
brain herniation. Children are at greater risk of this sequela
because their brains have a larger intracellular fluid volume
per total skull volume® Certainly among children who
develop symptomatic hyponatracmia, the incidence of
permanent brain damage is substantially higher than in
aduits

The results of this systematic review validate the growing
concerns expressed in reports which question the safety of
our current practice.” * The strengths of this report include a
comprehensive search strategy, explicit selection criteria for
relevant primary studies, reliability assessment of study
screening and study quality, validity assessment of primary
studles, statistical pooling of effect sizes, focus on adverse
events, and reporting according to QUOROM guldelines.”
The weaknesses are that most studies reviewved svere
heterogencous in design, small, and of variable quality, did
not allow for confounding factors, and focused on a limited
pacdiatric population, Therefore we cannot state with
certainty that the principles are applicable to all children
prescribed 1V maintenance fluids. On the other hand, we can
state that, based on published case reports of deaths and
neurological injury from acute hyponatraemia that the
administration of hypotonic solutions to children with a
PNa <138 mmol/l is potentially hazardous, given the fact
that ADH is likely to be acting,

Conclusions

The current practice of prescribing 1V maintenance fluids in
children is not based on clinical experimental evidence using
patient-important outcomes, and dacs not provide optimal
fluid and eclectrolyte homocostasts in hospitalised children.

vavvs,aechdischild.com

INQ-AS

AS - INQ

Choong, Kho, Menon, et al

What this study adds -

There is evidence that, at least in some pacdiatrie patients,
hypotonic solutions exacerbate the risks of hyponatracmia,
while isotonic solutions may be protective, Qur current
responsibiiity however, Is to refrain from adopting a “new
standard of care”, until rigorous clinical trials comparing the
safety and effectiveness of different IV fluid regimens in
children have been completed.

ACKNOWLEDGEMENTS ‘

‘The authors wish to thank Dr Deborah Cook (Professor, Departnients
of Medicine and Clinical Epidemtology and Blostatistics, McMaster
University}, for her assistance §n the preparation of this manuscript.

Authors’ affiliations

K Choong, Depariment of Paedialrics, McMaster University, Homilion,
Onlacio, Conada

M E Kho, Department of Clinical Epldemiology and Biostotistics,
McMaster University, Homillon, Onlario, Canada

K Menon, Depariment of Pediatrics, Children’s Hosplial of Eastern
Ontorlo, University of Otlowa, Caneda

D Bofin, Depariment of Crilical Care Medicine, The Hospifal for Sick
Children, Toronto and The Depariments of Anaesthesia and Paedialrics,
University of Toronto, Canada

Compeling inferests: none declared

REFERENCES

Holliday A, Segor ME. The maintenance need for woter In porenteral fluid
therapy, Pedialrics 1957;19:823-32,

Wallace WM. Quonfitative requirements of infont and child for voter ond
electrolyles under vorylng conditions, Am J Clin Pathel 1953;23:1133-41,
Darrow DC, Prott £L. Fluid lherz?‘», relalion lo tissue composition ond

expanditure of woler and electrolylos, JAMA 1950;143:432-9,
Stege! NJ. Flulds, elecirolytes and acid-base, tn: Rudolph’s pediotrics, 2138
edn. New York: MeGraw Hill, 2003,
Gregnbaum LA, Polliophyslology of body Ruids and fuid therapy. In: Nelson's
foxtbook of pediatrics, 17th edn. Philadelphlo: W.B, Saunders, 2004,
Shafies MAS, Bohn D, Hoora EJ, of ol. How to selec oplimol mointenance
intravenous fluid theropy, QU 2003;96:601-10.
Arieff Al, Ayus X, Fraser CL. Hypor ia ond deoth of ¢ brain
damoga tn heolthy children. BAL 1992;304:1218-22,
Armour A, Dilufionol hyﬁom!remlo: a couse of mossiva fotol inira-operative
cevebrol edemo Tn a child undengoing rencl fansplontotion, J Clin Pathol
1991;50:444—6&10' N
Hughes PD, Nichols D, Mutton PM. Posloperglive hyponatremic
pholopathy: water intoxicoti Au:?ﬁllSurg 1998;68:165-8,
10 Peeters A, Closs J, Soldien V, Lethol complications after tonsilleciomy, Acta
olo-rhino-laryngologlea Belg 2001;55:207-13,
Pavt O, Remond C, Logler P. Severs hyponatremic encepholopathy affer
pedialric surgary: report of seven cases ond recommendations for
monagement ond precention, Ann Fr Anesth Reonim 2000;19:467-73.
12 DokeT, Mo?neux EM. Intravenous fluids for seriously ill children: fime to
reconsider. Loncet 2003;362:1320-3.
13 Taylor D, Durword A, Pouring soll on trovbled wolers, Arch Dis Child
2004;89:411-14,
14 Brazel P, McPhee [P Inoppropriote sectelion of ontidivretic hosmona T
postoperativa scoliosls potients: the role of fluid monagement. Spire
1996;21:727,
Neville K, Verge C, Rosenberg A, et al, tsotonic s betler than hypotonie sofina
for intrervenous rehydration of chikdren with gasiroenteritis: @ prospecive
rondomised study, Arch Dis Child 2006,91:226-32.
16 Daglt 6, Orhion ME, Kurl £, The effects of different hydrotion fluids used in
falric anossthesto on blood glucose, electrolytes, ond cordiovasculor
stobility, GATA Bulteni 1997,39:144-52.

@ N o ¢ > W N

~

[

WS-008/3 Page 92

301-078-523




Hypotonic versus isotonic saline in hospitalised children

o

17 Burrows F, Shukack )G,l Crlo';\eedk. Inopp 3 ol s’e«eﬁon oém g
ormene in o post surgleal pedialric lolion, Intensive Core
1983;11:527-31, o Fope

Hoorn §J, Geary D, Robb M, et of, Acute hyp o related to i

fiuid administration In hospitolized children: an observational study, Pediatrics

2004;113:1279-84.

19 Wilkinson E, Rieff J, Rekate H, et of, Fluid, blood; and blood product
ranggement in the crontofociol potient, Pediotr Neurosurg 1992;18:48-52.

20 Covdey DM, Pobari M, Sinton T, ef ol. Pothogenesis of postoperative

hyponotremia following corredtion of scoliosis in children. Aust N ZJ Surg

1988,58:485-9.

Gerigk M, Gnehm H, Rascher Wi Arglnlne vosopressin ond renin In acutely ill

<hildren: implication for Ruid therapy, Ackx Paediolr 1996;85:550-3,

Roberston GL. Vosopressin, Philadelphia, PA: ppincolt Willioms and

Wilkins, 2000.

Powell KR, Sugormonn IS, Eskonazi AE, Nomolisation of plosma argiafae

vosopressin concentrations when children vaith meningilis are given

maintenance plus replacement fluid theropy, J Pedialr 1990;117:515-22,

Levine JP, Stelnicki E, Welner HL, of of. }gvpono!remiu in the postoperative

cranfolociol pediatric potient population: o connection fo cerebrol salt wasting

syndrome ond manogement of the disorder, Plastic & Reconsiructive Surgery
2001;108:1501-8,

25 Cupldo €, Dollo-Mulle 1, Holperin ML, ot al, Postoperalive desalination in
poediairic patienls, Torento: Dept of Crifical Care Medicine, The Hospltol for
§lck Children ond Dept of Nephrology, St Michael's Hospital, 2000.

26 Stesk A, Gowrishonkor M, Abrah S, etol. P ive h

=

<

2
2
2

&N =

2

=

835

28 Holliday MA, Segar ME, Reducing errors in fluid therapy managemenl.
Pediolrics 2003;111:424-5,
29 Hatherill M. Rubbing salt In the wound. Arch Dis Child 2004;89:414-18,
30 Holberthal M, Holpedin M(, Botin D. Lesson of the wieek: Aculo
hyponalroemia In children admitied 1o hospitel: refrospecive anolysis of
g:lors HM. ‘Kl . ‘,Rlasilsh" FINV ‘(Iml(” i 3 MM
ung HAY, Kluge R, Schier RW, ef of, Posioperalive hyponatremio: a
prospective shudy, Arch hlem Med 1986:146:333-6,
Moritz ML, Ayus JC. Prevention of hospitol-ocquired hyponotremlo: a case for
\';Asi:Lg iy‘o)!cnic sko'ige. Pedﬁzlorgs 2003’}1{11:227~30iw i of ‘
oher D, Cook DJ, Egsiv S, et al. tmproving the quality of reports o
) 1, ’ ) tond o Had ’T?(f][fl: nl}?é Q{}% Pofi

metarant ol slolement.

Quality o(Repoﬂing of Meja-onolyses. Lancet 1999;354:1896-900.

Judd BA, Hu{«xk GB, Dalion RN, et al. Antidiurelic hormone folloving

surgery in chiklcen. Acta Poediolr Scand 1990;79:461-%,

Duke T, Mokela D, Frank D, ot ol, Management of meningitis in children with

ora) fluld resleiction or infravenous fluid ot mainlenance volumes: a

randomised trial. Ann Trop Poediotr 2002;22:145-57.

36 Areff Al Fatol posk ive pul edema: path is ond fiterature
reviow, Chesi 1999:115:1371-7,

37 Wollad A, Chiang ML, Hill LL. Hyponatremia in hospitolized children. Clin
Pediatr 1992;31:153-7,

38 Dunn K, Butt W, Extreans sodium derongemeni in o potdiatric inpolient
population. J Paedialr Child Heolth 1997;33:26-30.

39 McCormick A, Gonda R, Lavis I, Postoperotive hyponatraemic
ent

3
3

RO=

3!

&

3
3

[

o

dotpile neor-lsofonlc soline infuslon: o phenomendn of desalinotion. Ann
Intern Med 1997;126:20-5.

27 Chesney CR, The malnlenance need for water in parenteral fluid therapy.
Pediolrics 1998;102{1 Pt 2):399-400,

INQ-AS

AS - INQ

pothy following elective surgery In children. Paediolr Anaesth
L v
4D Duke T, Mathur A, Kukuruzovic R, of of. Hypolonic vs Isolonic soline selutions

for Inlravenous fluld manogement of acule infections {review). The Cochrna
Dalabase of Syslematic Reviews 2006{2},

v archdischild.com

WS-008/3 Page 93

301-078-524




sl PG e Al e et et e sl
dol:10.1111/,1440-1754.2007.01254.x

ORIGINAL ARTICLE

Randomised controlled trial of intravenous maintenance fluids

Michael Yung and Steve Keeley
Paediatric Intensive Care Unit, Women's and Children's Hospital, North Adelalde, South Australia, Australia

Aim:  Traditional paediatric Intravenous maintenance fluids are prescribed using hypotonic flulds and the welght-based 4:2:1 formula for
administration rate. However, this may cause hyponatraemia in sick and post-operative children. We studied the effect of two types of
intravenous malntenance fluld and two administration rates on plasma sodium cancentratlon In Intensive care patients.

Methods: A Factorial-deslgn, double-blind, randonised controlled brial was used, We randomised 50 children with normal electrolytes without
hypoglycaemla who needed Intavenous malntenance flulds for >12 h to 0.9% saline {normal saline) or 4% dextcose and 0.18% sallne (dextrose
sallne), at either the traditional maintenance fluld rate or 2/3 of that rate. The main outcome measure was change In plasma sodium from
admisslon to 12-24 I later.

Results: Filty patlents {37 surglcal) were enrolled. Plasma sodiurm fell In all groups: mean fall 2.3 {standard deviation 4.0) mmaliL. Fluld type
{P=0.0063) but not rate {P =0.12) was significantly associated with fall In plasma sodium. Dextrose saline produced a greater fall In plasma
sodium than normal sallne: difference 8.0, 95% confidence Interval 0.8-5.1 mmoliL. Full maintenance rate produced a greater fall in plasma
sodium than restricted rate, but the difference was small and non-significant: 1.6 (-0.7, 3.9) mmoliL. Fluid type, but notrate, remalned signlficant
after adjustment for surgical status. One patient, receiving normal saline at restricted rate, developed asymptomatic hypoglycaemia.
Concluston:  Sickand post-operative chiidren given dextrose saflne at traditional malntenance rates are at risk of hyponatraemia,

Key words:  child; fluld therapy; Infusion; Intravenous.

Intravenous (IV) fluids have been used in pacdiatrcs for over
50 years, The most commonly used maintenance fluid, used to
replace normal expected fluld losses In situations such as fasting,
is hypotonic saline with dextrose. Volumes are typically calcu-
lated using a swveight-based infusion rate: for the first 10 kg,
4 mLlkglh, for the next 10 kg, 2 mELskg/h and 1 mL/kg/h for
cach kilogram thereafter.)¢ However, it may be inappropriate
for those chitdren who have non-osmotic production of antidi-
uretic hormone (ADH), The syndrome of inappropriate ADH’
occurs in mentngltis,*? encephalitis,'® pneumonia,** bronchioli-
tis? and after surgery,'*¢ Any consequent hyponatraemia ma
be exacerbated by hypotonic IV fluids,'*? :
Natriurests (urinary salt loss) may cause hyponatraemla.

Sodium Joss and hypovolacinia occur in cercbral salt svasting
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(CSW),1#% probably caused by a hormone such as atrial natri-
uretic hormone.! Hyponatraemia in neurosurgical patients may
be from CSW, not the syndrome of inappropriate ADH*® CSW
oceurs in children with neurological illness, neurosurgery and
craniofacial surgery.?'»

Symptomatic hyponatraemia is uncomnion if the plasma
sodium ({Na]) is >120-125 mmol/L,2*** but depends on the rate
of fall,® and can occur at higher vatues.”” It can cause death or
serious neurological morbidity.26-2

Recently, the prevention of hyponatraemia in hospitalised
children has been debated.

Moritz and Ayus recommended isotonic maintenance fluid:
0.9% saline (NS) in 5% dextrose, instead of hypotonic fluld
such as 4% dextrose and 0.18% saline (DS) or 0.45% saline,
without fluid vestriction,® Taylor and Durward recommended
isotonic solutions with fluid restriction, clting small insensible
losses in inactive, hospltalised children, non-osmotic ADH
secretion, and increased water of oxidation Maintenance
therapy for acutely ill or post-operative children is thus
50-60 mL/kg/day as NS to prevent desalination (loss of total
body sodium)," without hypematracimia®

Others have opposed using isotonic maintenance fluid,** The
primary cause of hyponatraemia is not desalination but dilution.
Non-osmotic ADH secretion and the isotonic salt load could
cause both increased total bedy water and over-expansion of
the intravascular space, The resultant aldosterone suppression,
natriuretic peptide secretion, and/or increased glormerular filtra-
tion may cause a secondary matriuresis, Hyponatraemia has
developed in surgical patients receiving isotonic fluids.'* The

Jouraal compilation © 2007 Paediatrics and Child Health Oivision {Roya! Australasian College of Physicians)
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Intravenous maintenance flulds

lack of evidence for different fluid regimens justifies a ran-
domised controlled trial, comparing both volumes and fluid
types.”? No such trial has been carried out.”

Five randomised controlled txials of IV fluids in children are
reported, Three in children with meningitls suggested that fluid
restriction was unwarranted.*?¢ None studied fluid tonicity,
Same consider it unethical to give traditional maintenance fluid
volumes ta children with neurological and similar conditions.”?
Two other trials, one alter scoliosis surgery® and one in gastro-
enterltls,? found that [Na] fell with hypotonic but not isotonic
fluid, The former was in a select group of surgical patients and
the latter was a trial of therapeutic fluid replacement in gastro-

enteritis — a very different situation from provision of mainte-

nance fluid,

We carried out a factorial, randomised controlled tral com-
paring IV NS (isotonic) to DS (hypotonic), and the traditional
versus restricted rate, The main outcome wvas the change in [Na]
12-24 h after admission. A second study arm compared isotonic
and hypotonic fluid at restricted rates fu children who would
normally be fluid restricted. Because we recruited too few
patients for the restricted arm, only the main arm is reporicd
here, The main end point was the change in [Na], not neuro-
logical outcome, because detecting such a difference requires a
prohibitively large sample size, and may be uncthical. This
autcomne was a surrogate in a systematic review published after
our study was conducted.*

Materials and Methods
Setting

The Women’s and Children’s Hospltal s the tertiary pacdiatric
referral centre in South Australta, The pacdiatric intensive care
unit (PICU) has 12 beds and admits 500-550 patients annually,
The hospital’s research ethics committee approved the study.

Subjects

Bligible subjects were children admitted to the PICU who would
normally receive 1V fluid as DS at traditional maintenance rates
for at feast 12 h, with normal [Na] (135-145 mmol/L) and no
hypoglycaemia. We classified the Australian and Newy Zealand
Pacdiatric Intensive Care Registry diagnostic codes* into three
groups: incligible, eligible for both arms, and eligible only for the
restricted arm. We excluded neonates, and those with diabetes,
renal failure or shock. Conditions eligible only for the restricted
arm included cardiac and neurosurgical patients. A list of ineli-
glble and restricted fluld conditlons is available from the
authors.

We obtained written, informed consent from the parents or
the patient, They were approached as soon as possible after
PICU admisslon, once the initial [Na] and blood glucose were
known, and before starting malntenance 1V fluids,

Study fluids

Study flulds were prepared by non-clinical staff, using standard
solutions and covering the bags with black plastic. The bags
were pul into sealed, numbered boxes. All clinical staff were

10

M Yung and S Keeley

blinded to the fuid type, but not rate. A code was kept in the
pharmacy enabling unmasking if needed. Any additives were
injected through the usual port without identifylng the fluid,

Randomisation was by random numbers using blocks of six,
Enrolled patients were assigned consecutive siudy numbers
from a list, and received the corresponding numbered box con-
taining study fluld, with the admiuistration rate specified as
‘maintenance’ or ‘restricted’ inside the box, invisible until the
box was opened.

For those randomised to the ‘maintenance’ group, the study
fluid was administered at the standard, maintenance fluid rate.!
Additional fluid boluses were permitted, as NS, if clinically indi-
cated, Oral fluids were allowed and recorded. The ‘restricled”
fluid group received two-thirds of the standard rate, The treat-
ing physicians determined all other management.

We measured the plasima and urine clectrolytes and osmola-
Tity on PICU admission and 12-24 h later as is our usual prac-
tice, [Na] was measured with an indirect fon selective clectrode
using the Beckman Coulter Synchiron GX5 (Beckman Coulter,
Bullerton, CA, USA). Pluid balance was documented from
admission until the study period ended, when the second blood
sample was taken. Other data included post-operative status,
demographic data, diuretic use and whether ventilated.

The main outcome was the difference in change in {Na] for
either comparison {type of fluid, and infusion rate) at 12-24 1,
Secondary outcomes included change in osmolality, need for
additional fluid boluses and adverse events including neuro-
logical complications, for example, scizures or headaches, and
dehydration or shock.

Sample size and statistics

From previous data, the mean fall in {Na] over the first 12~24 h
swas 3.1 mmol/L, with a standard deviation of 4,41 mmol/L, We
estimated a total sample size of 48 (12 per group) to detect a
difference of 5 mmol/L, with an alpha of 0.01 and 90% power,
An fincrease of 5 mmol/L is the suggested aim when treating
symptomatic hyponatraemnia.®

We compared both fluid type and administration rate using
tyo-way ANOVA, For continuous data, we used Student’s [-test
and non-parametric tests as appropriate. Categorical data were
analysed using Bisher's exact test. sTATA version 9.2* was used.
No adjustment was made for multiple comparisons. We could
not analyse by Intention-to-treat because three subjects lacked
final [Na] data, All subjects received thelr assigned study flaid.

Results

Between 14 March and 2 November 2005 there were 332 PICU
adinisslons, of which 53 subjects were enrolled. The reasons for
exclusion are shown in Table I, Three subjects did not have [Na}]
data for analysis, and were excluded. One patient was with-
drawn at the parents’ request because of hyperglycaemia
(19.4 mmol/L) after 7 h of study fluid (DS at full maintenance
rate}, Two lacked final laboratory measurements owing to an
oversight (NS, restricted), and carly PICU discharge (NS, full),
Therefore, there were 50 subjects with analysable data.
Baseline demographics and biochemistry, fluid data aund
change in biochemisiry are showvn in Tables 2-5, respectively.

Journat of Paediatrics and Child Heallh 45 {2009} 9-14
© 2007 The Authors
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Table 1 "Reasons for exclusion’

Reason for exclusion .

l?[g{ggiofsl,s an excl
Not approached,
Previous enrolment

Overall, {Na) decreased by a mean of 2.3 (standard deviation
(SD) 4.0) mniol/L. Because of a preponderance of bigger sub-
jects in group 2 (Table 4) we calculated fuid intakes per square
metre body surface area, using a formula based on weight %
Change in [Na] satisfied the assumptions of ANOVA, including
normality and homogeneity of variances, Fluid iype signifi-
cantly affected the fall in {Na]. The change In {Na) svas signifi-
cantly affected by fluid type (P= 0.0063) but not rate (P=0.12)
without an interaction betsveen fluld type and rate (P=0.79).
Because there were only two fluid groups and no interaction,
we compared them with -tests to estimate confidence intervals:
DS produced a grealer mean fall in [Na] of 3.0 (0.8, 5.1) nunol/L,
compared with NS, Full maintenance rate produced a greater
mean fall of L6 (-0.7, 3.9) mmol/L, compared with the re-
stricted rate, One subject (DS, restricted) recelved furosemide,
but omifling that subject did not change the results, Three
subjects received non-study fluid, ranging from 9 to 27 mL/kg,
after their first [Na] measurement, Omitting them made no
difference to the results.

However, when the subjects were categorised for infusion
duration above and below 15 h, the median only subjects with
longer infusions {14 NS, 13 DS) showed an effect of fluid type:
the mean difference was 4.1 (0.75, 7.5) mmol/L, P=0.019. For
subjects with shorter infusions (10 NS, 13 DS), the mean dif-
ference was 1.8 {~0,97, 4.5) mmol/L, P= 0.19, Infusion rate had
no effect, regardless of duratlon (data not shown).

There was no difference in the proportion of subjects recefv-
ing fluid boluses (Table 4; Fisher's exact test P = 0.89). However,
surgical patients were more likely to receive boluses, 22/37
(55%), than medical patients, 3/13 (23%), P=0.051. Surgical
patients recelved a greater mmedian total volume of fluid boluses:
10 {interquartile range 0-20} versus 0 (0-0) mL/kg, P=0.006

(Wilcoxon rank-sum test), There were no differences in the

voluine of boluses received betsveen the two fluid types and the
two rates,

In exploratory analyses, we compared and adjusted for
surgery and ventilation, Surgical subjects had a greater fall in
mean {Na} of 2.9 (SD 3,9) mmol/L than medical patients: 0.6
(SD 3.0), difference 2.3 (-0.1, 4.6) mmol/L, P = 0,057, Surgery
was a significant covariate In the model comparing fluid type

Journal of Paediatrics and Child Health 45 (2009} 9-14
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and rate for change in [Na] (P=0.002), as was fluid type
(P <0,001), but not rate (P =0.13), Among surgical patients,
there were significantly greater falls in mean [Na] for DS com-
pared with NS: 4.4 (1.9, 6.8) mmol/T, P=0.0009, There were
no significant differences between treatments for the 13 medical
subjects. Mechanical ventilation made no difference to fall in
{NaJ: 2.1 (SD 4.1) and 2.8 (SD 4,0) mmol/L for ventilated and
non-ventilated patients, respectively.

Findings for osmolality ere similar to those for [Na].

There were no differences among groups for urine output.
There were no statistically significant differences in final, or
change in, urinary [Na]. Surgical patlents tended to have greater
increases in urinary sodiun: mean difference 50 (49, 149)
mmol/L (P=0.32).

Two subjects had adverse events, One developed hypergly-
cacmia, described earlier as a withdrawal, The other yas a
10-month-old, ex-premature child recovering from craniofacial
surgery with asymptomatic hypoglycaemia, recelving NS at
restricted rate, The blood glucose was 1.0 mmol/L, detected on
the second scheduled samiple, IV dextrose normalised the blood
glucose.

Discussion

In this factorial, randomised controlled trial of maintenance
fluids in children in ICU, we found that the type of fluid has a
greater effect on [Na] concentration than its administration rate,
However, we cannot exclude a smaller but §mportant effect of
administration rate. Most patients were surgical, mildly ill and
not ventilated. Surgical patients had greater falls in (Na] con-
centration than medical patients.

The strengths of our study were as follosys, First, because of
the controversy between the ‘dilutional®*# versus ‘desalina-
tion"21322% hypotheses, we compared both different fluid
administration rates and types of fluid, Second, we conducted
a randomised controlled trial with allocation concealment and
blinding. Finally, although sve used a surrogate marker for
adverse events, hyponatraemia, this marker is considered the
most important predictor of adverse events from fluid
prescription.?*?¢ This study 1s the only randomised controlled
trial of maintenance fluid replacement in a general pacdiatric
ICU population may still inform cliniclans prescribing IV maju-
tenance fluids.

The wweaknesses were as follows. Rirst, the duration was short
and variable: children were only followed for 12-24h, and
while this may represent a common situation of an overnight
fast we cannot extrapolate the findings to later effects on clec-
trolytes, Furthermore, withiu this short time, the duration of
infusion had an effect, with only longer infusions producing a
statistically significant fall in [Na]. ADH effect peaksaround 24 h
post operation,*®4¢ bul can occur as early as 5-17.5 h post opera-
tion in children.”” Second, contamination by non-study and
anacsthetic fluids might have affected the results, The percent-
age of fluid received as study fluid ranged between 61% and
79%, but we did not record fluids received before ICU admis-
sion. This should have been accounted for by randomisation,
and we have shown that the fluid prescribed post-operatively
affects {Na). Third, because of the small sample, there was a
chance imbalance in patient size between groups, with group 2
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Table 2 Bassfine characteristics by flud type and rate ~ -

“Crantotaial svréery,

. 3

§giqat surgery, 0|

(NS, full maintenance rate) having larger, older children,
Because of the non-lincar formula for matutenance fluids, that
group received less flaid per kilogram than other groups.
Fourth, we did not power the study to detect fluid overload and
we did not measure weight or sedium balance, Although there
were no clinically apparent adverse effects, we excluded chil-
dren at risk such as cardiac patients, Fifth, we did not study
neurological outcomes for practical and ethical reasons, Finally,
our sample was a relatively well ICU population, better reflect-
ing post-operative and mildly i}l children than the general ICU
population,

Our results echo those from other non-meningitis controlled
trials and a recent systematic review.*® Brazel and McPhee ran-
domised adolescent girls undergoing correction of scoliosls to
neat-isotonic or hypotonic fluid, in an unmasked study.*® [Na]
fell more in the hypotonic group, Recently, Neville efal. in
a randomised ummasked study compared 1V rapid replace-
meiit fluids in children with gastroenteritis.” Hypotonic
fluid (0.45% saline 2,5% dextrose) reduced [Na] at 4h
but NS increased [Na]. Among normonatremic children

12

((Na) > 134 mmnmolfL), hypotonic fluld reduced [Na) by 2.3
(SD 2.2) mmol/L, but NS increased [Na] by 0.8 (SD 2.4)
mmaol/L. Rate of administration made no difference, but was
not randomised.

The mechanism by which fluid tonicity had a greater effect
than administration rate is unclear because se did not measure
regulatory hormones, extracellular fluid volume or sveight,
Nevertheless, our results do not support the hypothesis that
high levels of non-osmotic ADH cause hyponatraemia regard-
Tess of fluid type. Potential future studies include comparing two
rates of isotonic flulds with a larger sample, studies of 0.45%
saline 5% dextrose and studies in difierent populations, for
example sicker children and cardiac surgical patients, Longer
follow-up, measurement of ADH and regulatory hormones,
stratification {o avold chance imbalances for size and surgery,
stricter protocols for non-study fluids and measurement of
anaesthetic fluids should be considered.

In practice, we would not recommend using DS, 4% dextrose
and 0.18% saline; NS, 0.9% saline at traditional maintenance
rates in sick or post-operative children.
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656 SECTION FOUR/NEUROLOGICAL

TABLE 21.5.
Indications for Airway Mangement in the Child

Abnormalities of respiratory rate and rhythm
Upper airway obstraction .
Loss of pharyngeal muscle activity and tone
Inability td clear secretions

Foreign body

Direct trauma

gézures

Loss of protective airway reflexes

Pulmonary disease

Failure of oxygenation

Fatlure of ventilation

Pulmonary hypertension

Respiratory muscle dysfunction

Fatigue

Shack states —
Secondary to nerve dysfunction
Chest wall dysfunction
Intracranial hypertension
Prophylactic

I3

TABLE 21.8.
Summary of Drugs and Doses

Thiopental—0.5 mg per kilogram Lv., 2.6-4.5 mg per kilo-
gram (per adequate blood pressure)

Atropine—0.01~0.08 mg per kilogram (minimum 0.16 mg)

Succinylcholine—1.0-1.5 mg per kilogram

Pancuronium—~0.01 mg per kilogram (defasciculating dose);
0.1 ml per kilogram (paralysis dose, 1-2 hr)

drug usage are discussed thoroughly in Chapter 3. In
general the following guldelines are used. Thippental
is administered intravenously for sedation and to
blunt the observed elevation in ICP in repsonse to tube
replacement. Thiopental should be used only if the
systemic blood pressure is adequate, The recom-
mended dosage is 0.5 mg per kilogram intravenously.
If no systemic hypotension oceurs, doses as high as
2.5 to 4.5 mg per kilogram may be used. Lidocaine
may be used as an alternative to thiopental. This is
primarily to blunt the ICP response to intubation and
may be given via the endotracheal tube or intrave-
nously. The recommended dosage 1s 1 mg per kilo-
gram. Atropine is used to control oral tracheal secre-
tions but more importantly to block vagal responses to
" succinyleholineand endotracheal tube placement, The
recommended dosage is 0.01 to 0.03 mg per kilogram,
with a minimum dose of 0.15 Mg, Muscle relaxation is
obtained by using suceinylcholine. Succinylcholine is
contraindicated in ocular injuries. It must be noted
that succinylcholine may cause muscle fasciculations
and it may affect the ICP adversely. This can be pre-
vented by administering pancuronium jnitially. Pan-
curonium may also be used for muscle relaxation. The
recommended dose of succinyleholine 15 1,0 to 1.5 mg

AS - INQ

per kilogram. The recommended dose of pancuronium
is 0.01 mg per kilogram for defasciculation as a pre-
treatment to succinylcholine use or 0.1 ml per kilo-
gram to be used for muscle relaxation in Heu of succi-
nylcholine. At this dosage however, paralysis may per-
sist for 1 to 2 hr.

During the intubation it must be assumed that the
patient has caten recently, so further gastric disten-
tlon must be avoided. This goal is achieved in two
ways, The first is the avoldance of prolonged mask
ventilation, which predisposes to further gastric dis-
tention and possible aspiration. The second is
achieved by performing Sellick’s mansuver, which is
esophageal compresston. This aids in the prevention
of reflux and subsequent aspiration. Thus if the pa-
tient is breathing spontaneousty, oxygenation is ob-
tained by holding a face mask with 100% O, on the
patient’s face for 2 min. This is followed by the admin-
istration of drugs, Sellick's maneuver, and endotra-
cheal intubation of the patient, If the patfent is not
breathing spontaneousty. Sellick’s maneuver is per-
formed, and the drugs are administered. Simultane-
ously, the patient is preoxygcnated with the adminis-
tration of 100% O» by face mask, with use of about
five artificial ventilations, This is immediately fol-
jowed by intubation. These guidelines are useful to
ensure a successful intubation with minimal trauma
and complications.

After successful intubation, the position of the tube
should be checked on chest X-ray. The ideal location
is 9 cm above the carina. The head should be in a
neutral position at the time of chest X-ray, as the
posttion of the tube will change with changing position
of the head.

Fiberoptic and/or nasotracheal intubation may need
tobeutilized in difficult or {mpossible oral intubations.
These should only be considered with appropriate per-
sonnel and equipment.

Ventilation

Once the airway has been established, the patient
must be ventilated. Even in relatively stable patients
who are closely monitored, intermittent episodes of
hypoventilation can oceur, Also tn small children, ex-
haustion of pulmonary musculature is frequently seen
(84). Both of these adverse events are minimized by
mechanical ventilation, In the head-injured patient,
hypercarbia must be avoided, Carhon dioxide is a very
potent cerebral vasadilator, and the resultant increaée
in cerebral blood volume may have deleterious effects
on ICP and overall neurological outcome. Thus in head-
injured patients requiring mechanical ventilation, hy-

perventilation is used with PCO, kept within a range

of 25 to 30 torr. Immediate improvement in the EEG
and overall improved outcome are seei (85. 86). The
immediate physiological response to hyperventilation
and relative hypocarbia include diminished cerebral
blood flow with diminished cerebral blood volume, &
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used in children with pulmonary edema, chronic lung
disease, or liver disease. Paraldehyde has been re-
ported to cause pulmonary hemorrhage, pulmonary
edema, acidosis, hepatitis, nephrosis, and bleeding
diatheses (49).

Several other anticonvulsants may be considered if
patients do not respond to previous agents. Valproic
acid is not avallable in parenteral form, but has been
used rectally for the treatment of status epilepticus
(50, 51). A major disadvantage is its relative slowness
in absorption compared to drugs that are administered
intravenously. Ltdocalne (80 to 100 mg bolus in
adults) may be effective in some persons when other
drugs have failed (49, 52), but higher doses of this drug
are epileptogenie, and its use is not advocated in chil-
dren, Clonazepam (53) and chlormethiazole (49) also
have been used in status epilepticus with some suc-
cess, but they have not gained widespread acceptance,
particularly for use in children.

In view of the potential morbidity and mortality as-
soctated with generalized tonic-clonic status epilepti-
cus, numerous authors have recommended the use of
general anesthesia or barbiturate coma to minimize
the metabolic sequelae of prolonged seizure activity or
to suppress the process permanently (54-857). Few
guidelines exist regarding the depth or duration of
anesthesia or the advantages of inhalation anesthesia
(66) versus intravenous agents (48), and use of anes-
thesia for this purpose is not universally accepted (58).
With general anesthesia, with or without neuromus-
cular blockade, the motor manifestations of status are
clearly masked. However, electrical activity may per-~
slst, and EEG monitoring is helpful during such ther-
apy (67). In addition, convulsion-like activity on the
EEG may be provoked with general anesthesia ufiliz-
Ing halothane, enflurane, or etomidate, The anesthetic
must be perlodically decreased to determine whether
continued therapy is required. Despite the controversy
about this modality of therapy, the experimental phys-
iologic data concerning status epilepticus support ag-
gressive therapy and suggest that the most severe,
refractory patients be considered for general anes-
thesia or barbiturate coma to stop the seizures.

FURTHER EVALUATION

Although the control of seizures is of utmost impor-
tance, evaluation of their etiology should be initiated
within the first few minutes after the patient is seen.
Laboratory tests should include determination of
serum electrolytes, glucose, calcium, hepatic enzymes,

" urea nitrogen, and when indicated, a toxicology screen
and serum magnesium. A Dextrostix test performed at
bedside can be an inmediate clue to ruling out hypo-

. glycemia, If the patient is known to have epilepsy,
serum anticonvulsant levels should be measured. If
meningitis is suspected, a lumbar puncture shouid be

. carrfed-out when the child is stabilized. Evidence of
increased intracranial pressure or a focal neurologic

Lo (255
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examination mandates consideration of computerized
axial tomography scanning or other neurologic studies

- as soon as possible.h"
)

" SUMMARY

Status epilepticus causes significant mortality and
morbidity and must be regarded as a medical emer-,
gency. The longer the selzures are permitted to con’
tinue, the more difficult they become to control, and
the worse the prognosis. It is not surprising that this
is true in view of the laboratory-evidence reviewed
earlier in this chapter, What {s surprising is that some
physicians continue to tolerate periods of status epi-
lepticus that are much longer than ought to be permit-
ted. Delayed treatment disregards an enormous
amount of pathologic evidence that status epilepticus,
per se, is harmful to the CNS, Immediate, rational, and
potentially aggressive therapy is essentlal to reduce
the mortaility and long-term morbidity of status epi-
lepticus,
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