Witness Statement Ref. No.| 038/1

NAME OF CHILD: Raychel Ferguson

Name: Peter Crean

Title: Doctor

Present position and institution: Consultant Paediatric Anaesthetist
Royal Belfast Hospital for Sick Children

Previous position and institution:
[As at the time of the child’s death]

Membership of Advisory Panels and Committees:
[Identify by date and title all of those between January 1995-December 2004]

Member of Hyponatraemia Working Group 2001-02

Previous Statements, Depositions and Reports:
[Identify by date and title all those made in relation to the child’s death]

Statement for Coroner’s Inquest, 05.02.03 (012-016-119)
Deposition at Inquest (012-032-159-160)
Statement to RVH regarding Raychel Ferguson 22.01.02 (064-041-129)

OFFICIAL USE:
List of previous statement, depositions and reports attached:

Ref: Date:

064-041-129 22.01.02 Statement

012-146-119 Undated Statement

012-032-159 05-02-03 Deposition at the Inquest into the death of Raychel Ferguson
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Particular areas of interest
[Please attach additional sheets if more space is required]

1. Describe in detail your role in the treatment and care of Raychel Ferguson when she arrived at the
Paediatric Intensive Care Unit at RBHSC on 9" June 2001, to include:
(i) your observations and concerns in respect of Raychel when you first examined her;
(ii) your thoughts at that time as to the probable cause of her condition;
(ili) your prognosis at that time for Raychel.

I was the consultant on duty in the Paediatric Intensive Care Unit (PICU), Royal Belfast Hospital for
Sick Children on the day Raychel was transferred from Altnagelvin Hospital. It was my role to care for
the children in the PICU and to liaise with other consultant colleagues in RBHSC regarding specialist
management issues, as appropriate.

1. On arrival Raychel could not breathe for herself and she was intubated and ventilated. She did
not move purposefully and her pupils were fixed and dilated and did not react to light. A CT
scan had shown brain swelling (cerebral oedema) and my initial concern was of a catastrophic
event leading to brain death.

2. The most likely cause of the cerebral oedema was a rapid fall in serum sodium.

3. At the time of her arrival at the PICU I felt that brain stem death had already taken place.

2. Describe in detail the further steps you took in relation to the treatment of Raychel both on the 9" and
10" June 2001, to include any discussions with colleagues that you had in relation to Raychel’s condition.

As Raychel was unable to breath, mechanical ventilation was maintained as were other supportive
measures. 1 asked my paediatric neurology colleague, Dr D Hanrahan, to assess Raychel on the
afternoon of the 9™ June. His initial finding was that of probable irreversible brain stem compromise.
We then formally assessed Raychel’s brain stem function on the 9™ of June and again on the morning of
the 10™ of June (063-010-024). On both occasions the findings were consistent with brain stem death.
Following a discussion with Raychel’s mother and father ventilation was discontinued and she died at
12.09 on 10" June, 2001.
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Particular areas of interest (Cont’d)

3. Describe in detail your communications with the parents of Raychel Ferguson both before and after her
death, to include:
(i) at whose request those communications took place;
(i) the dates and times of such communications;
(iii) the subject matter of those communications.

It would be normal practice to meet with the parents of children in PICU on a regular basis so that they are
continually updated on their child’s condition.

Dr Hanrahan and I met with Raychel’s parents following the completion of the first brain stem tests. This was on
the 9" June some time after 17.30. An explanation of the findings of the brain stem tests was given (063-022-
049).

After carrying out the second set of brain stem tests the following morning I again met with Raychel’s mum and
dad. Iinformed them that these second tests confirmed brain stem death (063-023-050).

I met with Mr and Mrs Ferguson on the 16" December 2001, al their request, to explain Raychel’s post mortem
results. Before this I had previously contacted Mr Leckey, the Coroner, regarding this request. He then wrote lo
Mr and Mrs Ferguson, confirming that I would speak to them. At the meeting [ discussed the findings of the post
mortem examination and answered their questions as best I could.

I may have met with Mr and Mrs Ferguson on other occasions when Raychel was in PICU but I am afraid that I
am unable to remember specific instances.

4. Describe in detail your knowledge in June 2001 of the condition known as hyponatraemia together with
the source(s) of your knowledge and any steps you took prior to or after June 2001 to alert colleagues
both at RBHSC and at other hospitals to the condition.

Hyponatraemia is defined as a serum sodium of less than 135 mmol/L. This would have been known to me
throughout my medical career. In 2001 I knew that a rapid fall in serum sodium could be associated with cerebral
oedema. If respiratory arrest occurred as a consequence of cerebral oedema the outlook was grave.

The anaesthetic textbook that I used between 1979-80 (A Practice of Anaesthesia, Churchill-Davidson 1978)
highlighted the fact that ‘hyponatraemia is the commonest biochemical change postoperatively and dilution of the
body sodium stores is the usual explanation’ (p681 - enclosed).

Soon after starting my anaesthetic career in 1977 I was aware of the TURP syndrome (Ref Anesthesiology, Jan
1979 — copy enclosed) which could occur during transurethral prostatectomy in adult males. During this
procedure irrigating fluid, containing water and glycine, could be absorbed into the circulation in large amounts
leading to dilutional hyponatraemia. If severe, this could give rise to cerebral oedema.

During my training in the Hospital for Sick Children, Toronto, from 1982-4, issues around fluid balance and
hyponatraemia in children were discussed. The article by Arief in 1992 in the BMJ (059-059-140 to 144) and his
editorial in Paediatric Anaesthesia in 1998 (Arief 1998 - copy enclosed) highlighted the potential problem of the
use of hyponatraemic intravenous fluids in surgical patients. I was also aware of the Adam Strain case in 1995
and endorsed the guidelines for the prevention and management of hyponatraemia, which were drawn up by my
anaesthetic colleagues. (060-018-036)

I set up a paediatric anaesthetic group in Northern Ireland in 1999 with the aim of sharing best practices relating to
paediatric anaesthesia with anaesthetic colleagues across the province. At the meeting in Musgrave Park Hospital
on Monday 26 November 2001 a case of hyponatraemic encephalopathy was discussed (minute of meeting

3
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enclosed). This lead to a wider discussion on intravenous {luid management in children

I was a member of the Department of Health ‘Hyponatraemia Working Group’ from September 2001 to March
2002. This group produced a guideline on fluid balance management in children (007-003-004). I have also been
involved in the review of this guideline in 2004 from which there has not yet been an outcome.
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Other points you wish to make including additions to any previous Statements, Depositions and or

Reports ‘
[Please attach additional sheets if more space is required]

THIS STATEMENT IS TRUE TO THE BEST OF MY KNOWLEDGE AND BELIEF
) -
Signed: TAN Dated: ' > 7 W'i =05
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PARENTERAL FLUID THERAPY 681

volume of the extracellular fluid; in practice this simply means that both water
and sodium will tend to be retained when they would normally be expected to
be excreted.

The anterior pituitary sceretes increased amounts of ACTH in response to
surgical trauma. The afferent pathways are the peripheral somatic nerves from
the site of injury and also autonomic afferents arising [rom intravascular pressor
receptors. The main effect of ACTH is to stimulate the ad renal cortex to secrete
cortisol (also called Compound F or hydrocortisone). but it is now also known
to produce an increase in the adrenal seeretion of aldosterone. Previously the
anterior pituitary had been thought not to be concerned with aldosterone
release. but two types of aldosterone activity are now recognised. The firstis
mediated by ACTH and results in proportionally similar increases in both
cortisol and aldosterone. The other is mediated by volume-sensitive receptors
thought 1o be in the renal juxtaglomerular bodies and results in increased levels
of aldosterone and has no effect on cortisol levels. Zimmermann believes that in
most surgical patients aldosterone release is predominantly due to the cortico-
trophin mechanism.

The Posterior Pituitary

Plasma levels of antidiuretic hormone (ADH) are consistently raised during
surgery and for the first few post-operative days. During this time the normal
smoreceptor control of the hormone is overridden by other mechanisms with
‘he result that the urine remains hypertonic whilst the plasma osmolarity
tends to Tall if excess water is given. Hyponatraemia is the commonest bio-
chemical change post-operatively and dilution of the body sodium stores is its
usual explunation (Singh and Flear. 1968). Zimmermann and his colleagues
4t West Virginia (Zimmermann. 1963: Moran and Zimmermann, 1967: Ukai
ot al.. 1968) showed that ADH levels fluctuated from minute 1o minute during
aperation in response to surgical manipulations: after operation the plasma

meentration of the hormone fulls but remains above the pre-operative level

s up to five days. This is due o pain impulses transmitted by somatic nerves
nd accounts for the inability of the surgical patient to excrete hypotonic fluids
at this time.

MAINTENANCE OF BODY OSMOLALITY

In health the body fluids. both celtular and extracellular, are maintained
Hta coneentration of approximately one seventh molur:* this is chiefly due to
< presence of potassium in the intracellular fuid (1CE) and sodium in the
cacellubar Nuid (ECE). cach milli-equivalent (mmol) of which will hold 7 ml
water in the cells or the extracellular Nuid respectively. This water “binding™

is shared equadly between the cations and the anions which necessarily accom-
pany them. but the cations are the vital constituents which determine the rela-
tive volume of the two major divisions of the body fud. it is known that
plasma urca and sugar concentrations are within normal limits the osmolarity
of the body fluids can be caleuliated by doubling the plasma sodium concentra-
Phis s true Tor dectrofytes which e completedy dissociied Sty speaking the body fuals

cout MOV E Thus sotonie sotutions o clectrobiies are M7 amd o nonselectrolytes M35
contn 286 mosimol 1
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Water Intoxication after 15 Minutes of Transurethral
Resection of the Prostate

Barwara [ Heresewr, MUDLE axn Davien W, Wincarn, MDD

Water intoxication from intravascular absorption
ob non-clectrolyie irvigating fluid is & well-known and
olien serious complication of tansurethral vesection
of the prostate (UURP). The amount of fluid absorbed
is related 1o the time clapsed and number of venous
sinuses open during resection.! It is commonly ac-
cepted that a resection time of an hour is relatively
sale for the prevention of this syndrome. T'o our
knowledge, acute water intoxication with grand mal
sersires secondiryta severe iatrogenic hvponatremia
following only 15 minutes of resection has not heen
reported. Because of this, we feel the following case
is of interest.

RErort or a Case

Avelanvels healthe, 77vear-obd, 39-ky white nan, ASA L had
Wl ol chironie acoholisne, Past medhcai Tustony, veview ol
wabe e and Binily history were essentally vanenman kable [ wo
weeks prior o adnssion, the panent had complinned ol tnman
tetemon and occastonad utioy ancontnence Resulis ol routne
Preaperative llll\'\l(.ll exdammion were narmal except for an en-
larged prostate with X220 ml residual volume e vording FURP
wits schedaled Liver funcoon studies, dotimg stadies, complete
blood count, and renal screenme studies disclosed no abuormahin
Rontne determinatim of setum elecrolvies the might helare the
oper revealed COy content Sk g LpHE 7 480 CE T,
Nt mlgh KOS mb gl a0t gt

Phe panent was bronght o the aperating tonm anmedicared
An epdural catheter was placed at the T30 imerspace and

advang ¢d approxnnatel 2 anomta the eprcdinal space. A3 ] e

dose of per cent chloropocmne was given boaan Fie
minutes Laer 16l 3 percent chlovoprocune were injected. followed
10 min Lier by an addinona 10 mil, fo atotal dose of 2% i
Sarstonay analgest v estihbshed oo evel of 18 Castimcopn
(S HI s progressed unevem il NS vy Tl 3 et cent
thtor corne wereanpectedsowithout change movial agns FURP
began s 4 with contmmans irrgaton ol the bladder wirh
15 Per cent ghvame, AT 816 s 1l prtient hegan complammyg
o “dizrmess.” “neht fechng e bes throat, and imaluhng o
breah e

He
lears e temaned S/ onn and blood pressute swas F20080 1on

Wi .
thin 2 ng ihe panent lost consaousaness and had . tome o

st anan ol 1od pet cent Oy bymask was begun

— -
.
As At P ofesion
LI EIYO N
e G and « Harman

Recen tronr the Anestheaiology Depattment. Universing of

Net

.L sk Medical Cenrer. Omadir, Nebinaska Vecepred tar publ
Gon July o jays

A .
" ‘.M“ Wrepnntrequests o B thadbens Depaatment ol Anes
lcw,ll.m‘

) the Universiny ol Nebraskha Medieal Cenrer, 19nd Lo
ey gy

Chnadie Neln s hs1on

serzure above the black, The seizure abated m 2 nan leavig 1l
pinent mottled and somnolent. Seram elecrrolvtes were detenmine
ancl a3 per centsaline drip was institued . A second setzure acounne
3o later, and 300 mil 50 per cent glucose were gnven ol
out hypoglveemia as the cause of the serzures. Vit sigos reman
unchanged. A total of 1,200 ml of 5 per cent dextrose e
Ringer’s solwtion had heen given by this 1ime. A svstemic tox
reaction (o chloroprocaine was discounted when the results o
serum clecirolvie determinations became avalable: CO, conten
21 bl pH 7200 €1 81 b/ N 101 mbg/l K102 kg
Cat 6.3 mg/dh Over the next 15200 min, 300 ml 3% per cen
saline solution were given, and the procedure was completed On
unit af packed erythrocytes win given o veplace an estimated 606
ml blood loss I the recovery room 45 min later, repeated electro
Ivie determinations and vevealed GO, 28 kg plt 728, ¢1 o
mbEg/loNa TH mEg/l K* 5.0 mbg/l Car 66 mgidl hemaogiohin
was 104 mg/dl Prinsfusion ol sccond ume of packed crvahin
avtes wins hegunsand 200 mi 3 per cem saline salunor were gives
i heaiise the patient wis soll restless, nauseared ol vomimng
Duning this periad values obtaned for certrad cenous pressun
vanged Trom Yo T am TLOD A2 00 poa tepeated clecalvn
determmanons tevealed Nat 120 bl and K05 kg ) Lhe
patient Lelt bhewer A total of 256 by Na® huad heen givea i
tollosvmg das the serum electrolvies b vetarned o nocmal vanges
with COL 2 mbg/l pH 787, Nat B b/l 8 FH gl Re
YO mbgl The vemander of the POMOPELIINE Catse s i

eventiul

Discussion

Avteriab Inpertension, slowme o the pulse rare
widened pulse pressures, mental agitanon, headache
confusion, nausca, dvspnea, cvamosis, progressive
obtundation, convulsions, pulmonary edenma, and car-
diovascular collapse are seen in the classic prcte of
watter mtonication following the use of disnlbed warer
for mnganon i FURP The panent's reaction de
pends upon the osmaolanin of the flud ased. the
amount of Huid absorbed, and the anesthesia adimine-
istered ® Theamaunt ol absorption is governed mamh
by three Taaors: 1) the hivdrostatic pressie ol the
irigating solution, 2) the namber and sizes of the
venous sinuses opened, and 3 the duration of expo-
sure. ™ Phe osmolarity of the vigating Huid is gener
aly dependenton the surgeon’s preference.although
the solution must be transparent, non-clestrols tic and
nontoxic Isotonic solutions e considered sater than
hyvpotonic solutions

Enooun case an satonic solution wis utilized. AMthough
1was not measured, the hivdrosanic pressune probabh
excecded the 70 cm HLO Tavlor advocates? Tavlon

QOS2 700008 SO0 00 C T he \jneoecan Socnets ol Anesthesialogises T
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points out that often the resectionist is not « good
judge of fhuid accumulation, and the amount of 1is-

sue removed does not correlate with the extent of

Hoid uptake.™ As would he expected, fluid absorption
is more closely correlated 10 the progress and extent
ol the operative procedure than 1o time perse. Our
case points out there are exceptions to the classically
tnght “safe one howr™ resection time advocated by
Fillman et al® Time is only a relative guide for cach
specific surgeon. Some surgeons reach the capsule
and venous sinus plexus very carly, while others never
reach the capsule after 2= hours of resection e,
Numerous reports cite one hour as a relative safe
time with use of distilled water as the irrigating solu-
ton. Still and Modell* point out many feel a much
longer time is safe when isotonic solutions are used.
I'hey were surprised that their patient developed this
svidrome after only 75 min of resection time. Our
case points out the need for constant vigilance during
the entire procedure. as witer intoxication mav occur
atany time.

In this case serum Nu* fell precipitously in 15 min

o 104 mEQ/, resulting i grand mal seizures. Seizu res
are most likely to occunr when serum Na* drops below
P20 mEqg/l. However, Maluf found that the more rapid
the decrease in serum Na*, the more likely were
seizures to develop: a 2030 mEqg/lveduction in serum
Nt owas an ominous sign. and indicated thi large
smounts of fluid had been absorbed.® Fluid may enter
the intracellular space rapidly, and serum Na* may
totaccarately reflect the vrue dilution that has oc-
nrred. One cannot necessarily correlate seruin Na*
cvel with the wotal amount absorbed 457 In our cuse
he volume absorbed appeared (o be greater than the
D ml/min that Hagstrom suggests as an average.!

Olten the anesthetist relies on changes in vital signs
o diagnose water intoxication prior to the outset of
cizures, pulmonary edema and cardiovascular collapse.
n this case, there was no significant change in vital

nesthesiology
1.356-359, 1979

by,
A gy

signs prior 1o the grand mal seizures, Had generg)
! :

anesthesia been used, we probably would not hyye
: :

determined serum electrolvies so carly. 1 and

blood pressure often do not reflect the 1. Hdiniey)

‘

picture®; for this reason, conduction anesthesiy iy pre.
ferred for the early detection of the svindrome
Grand mal seizures as a result of warer HHOXICtion
following short transurethral resection times ¢an oceur,
The classic signs of water intoxication, widened pulse
pressures, slowing heart rae, and hypertension, My
not occur prior-o central nervous svstem al: lNif)ll.\:_
Analen anesthetist, ever aware of the pos- ity of
carly occurrence along with conduction nncsthcsi;i‘ al-
lows for early detection and treatment of this syndrome,
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An Anesthesia Circuit Monitor

Rosert FOREST, M.D. * AxD YVES Lamarcrie, M.D.T

Most new ventilators incorporate a low-pressure
arm as standard equipment. There are also available

* Chiel resident.

i Professor and Chairman.

Received from the Department of Anesthesiology, Sherbrooke
nversity Medical Genter, Sherhrooke, Quebec, Canada J1H 5N4.
cepted for publication August 17, 1978,

vddress reprin requests 1o Dr. Forest at his new address: VA
spital, Long Beach, Cal. 9080) .

several commercial versions of high- and low-pressure
alarms as separate units."2 There is no question that
some sort of disconnection-warning device is dvsir;lh.lf-
We describe below a multiple-function anesthe +ia cir-
cuit monitor. The model described adds three useful
features 1o the basic concept of a high- and low-pres-
sure alarm.

There is general agreement that exhaust gases
should be removed ®5 Two problems are associated

0003-3022/7%0400/0356 $00.70 © T'he American Society of Anesthesiologists, Jne.
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Editorial

Postoperative hyponatraemic encephalopathy
following elective surgery in children

ALLEN I. ARIEFF wmp

Department of Medicine, University of California School of Medicine,

San Francisco, CA, USA

Introduction

In the United States, there are an estimated 15000
deaths per year as a consequence of postoperative
hyponatraemia (1) (Figure 1). There have been a
number of recent studies which have described
postoperative hyponatracmic encephalopathy with
death or permanent brain damage (2-6). From these
studies, it appears that brain damage associated with
postoperative hyponatraemic  encephalopathy
primarily affects menstruant women (1) and
prepubertal children (6).

Postoperative hyponatracniic encephalopathy
i prepubertal clildren

There are multiple reports of prepubertal children
suffering - brain - damage  from  posloperative
hyponatraemic encephalopathy (6-9). The actiology
of the hyponatraemia usually involvesa combination
of: a) intravenous hyponatracmic fluids; b) clevated
plasma antidiuretic hormone (ADH); c) respiratory
insufficiency secondary to hyponatracmic
vncoplmlopnthy. It has been demonstrated in several
series that plasma levels of ADH  (vasopressin,
antidiurctic hormone) are clevated in virtually every
postoperative child (7,10-13). If such patients are
Biven intravenous free water (any solution with a
sodium concentration below 140 mmol-1- ", there will
always be a tendency towards postoperative
hyponatraemia (14). When compared with other
groups, prepubertal children are far more susceptible
to brain damage from hyponatracmia than are adulls
(6), and recent experimental evidence demonstrates
why this may be the casc.

( "W'Ir-.;lnm!vuu' tor Allen 1 Arnetl, 299 South Street, Sausalilo, CA
TG, USA.

1998 Blackwell Science Lid
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Effects of hyponatracmia on the paediatric
central nervous system

Nattic & Edwards (15) studied the effects of acute
hyponatracmia on the brain of puppies. They found
that acute lowering of plasma sodium from 140 to
120 mmol-1"! resulted in severe hypoxaemia (arterial
PO, fell from 11.4-6.9kPa (88 to 53 mmHg)) and
cerebral ocdema. In contrast to adults, the brains
of pacdiatric animals (three day old puppics and
neonatal rats) were unable to adapt to hypo-osmotic
stress by extrusion of cation (15,16).

Adaptation of the brain to hyponatraemia occurs
as a consequence of the following sequence of events.
First, hyponatracmia leads to a movement of water
into brain cells as a result of osmotic forces. In
addilion, vasopressin which is usually clevated in
the phsmn of hyponatracmic patients (17) may lead
to a dircet movement of water into brain cells
independent of the effects of hyponatraemia (18).
The carly response of the brain to this hyponatracmia-
mediated  oedema  is  the loss of blood and
cerebrospinal fluid, followed by extrusion of sodium
from brain cells by sceveral pathways (19). Loss ol
potassium and possibly organic osmolytes follows
later, in an attempt to decrease brain cell osmolality
without a gain of water (20).

Lffects of hormones and physical factors on
brain adaplation to hyponatraenia

There is a significantly higher intracellular brain
water content in prepubertal rats in comparison with
adult rats, suggesting that the brain occupies a greater
percent of the available intracranial volume in young,
rats (16). Such physical factors may be important
determinants of outcome in hyponatraemic rats. As
individuals age, there is a progressive decline in the
voltime of brain, while skull size remains constant
inadult fife (21). Thus, elderly individuals of both
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In nine published series from our laboratory comprising 847
hospitalized patients with postoperative hyponatraemia, 19%
(158/847) developed hyponatraemic encephalopathy and 117
developed permanent brain damage or died. The major risk factors
associated with permanent brain damage in these 117 patients
with hyponatraemic encephalopathy are shown. Most patients
(96%) sulfered an hypoxic episode because of failure to initiate
active therapy in a timely manner. In 4% of patients suffering
permanent brain damage, improper therapy for hyponatracmia
swas implicated in the outcome.

genders have more room in the rigid skull for the
brain to expand than do vounger ones. This finding
is more marked in males (21).

If adaptation of the brain is not adequale, pressure
of the swollen brain on the rigid skull leads to a
decrease incercbral blood flow (22) and cerebrospinal
fluid production (23). If the ability of the brain to
adapt is impaired, there will be increasing oedema,
with eventual tentorial herniation and sccondary
cerebral ischaemia (24). This often leads to respiratory
insufficiency (4), with reduced delivery of oxygen to
brain because of the further decrease of cerebral
blood flow, thereby exacerbaling the existing cercbral
ischacmia (22).

Sexsteroid and certain neuropeptide hormoenes may
influence brain adaptation to hyponatracmia. Male
rabbits and cats are more efficient than females in
extruding sodium o decrease brain cell osmolality
during hyponatracmia, resulling in significantly less
brain swelling in male than in female hyponatracmic
animals (16,25). Oestrogens have also been reported
to stimulate, and androgens to suppress, vasopressin
release (26,27). Virtually all hyponatraemic patients
have increased plasma levels of vasopressin (17,28), a
neuropeptide which may exert multiple potentially
cffects. In normonatracmic

deleterious cerebral

animals vasopressin resulls inwater accumulation in
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thebrain (18), a significant declineinbrain synthesis of
ATP(29), and a decline ol brainpH1(29,30)). V“*“P"“Sin
alsoimpairs the function of  several imporiang
adaplive pathways to hyponatraemia (31,32),

Recent studies have demonstrated that the brains of
prepubertal rats are unable to adapt 1o hyponatracmi
(16). The greater mortality with hyponatracmia i
prepubertal - ratsisassociated  with a preater
accumulation of water in the intracellular space of the
brain than in rats belonging to other age groups, as wel]
asaninability of the prepubertal brain o extrude sodium
from brain cells. The baseline intracellular sodium
content in the propubcrtal rats was greater by almost
S0% than in control adult rats, a linding consistent with
previous studies in newborn dogs (15,33).

Biochemical differences in pacdialric vs adult
brain with hyponatracmia

There are several possible reasons for the increased
brain intracelular sodium in prepubertal rats. The
Na*-K" ATPase system appears to be the major carly
adaptive pathway for extrusion of sodium from brain
during (19,3)  and  Hs
impairment results in decreased ability o pump
sodium out of the brain. In prepubertal rats, the brain
Na'-K - AlPase activity is signiticantly lower than
that observed in adults, both i 2itro (35) and o cie
(36). Coupled with the higher brain sodium, these
differences may reflect o limited ability to pump
sodium out of the prepubertal brain. The increased
mtracellular sodium content may be a consequence
of limited corebral Na'-K ' Al Pase function inyoung
rats compared to adults. The decreased cerebral Na--
K= ATPase activilty: may be responsible for the
impaired adaptation to hyvponatracmia in }»rcpnlwr.ldl
rats. Testosterone stimulates Na*-K ' ATlase activity

. . ¢ - vy ¥ 5
in rat brain (37,38). P'retreatment of prepube rlal ral
eorease

cells hyponatracmia

with testosterone resulted in a significant d

. o T vd
in the brain intraceltular content of both .\udmm al
55()L'I.1|L‘d

water while also reducing the mortality a
(o)

with acute hyponatraemia from 84% ta zcro

Clinical effects of hyponalracnia in

children vs adults

c\l‘vrimv!ﬂﬂl
}slig‘.ui&‘n-*
0 [\min

Il one can extrapolate the above
findings to pacdiatric patients, then the im
would be that children are more .\'u\\‘t‘l’lll"" !

R . i anare
damage from postoperative hyponatrac mia th bk
T . ’ . W availd
adults, The reasons include: a) decreased @
fsnd. 8 -
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room for swelling of the pacdiatric brain in the rigid
skull, leading to a propensity for brain herniation
with what might appear to be a small decrement
of plasma sodium (39); b) impaired ability of the
paodintric brain to adapl to hyponatracmia when
compared with adults (15,37); ¢) severe systemic
hypoxacmia sccondary to respiratory insufficiency
frequently occurs in children with only modest
hyponatracmia (6,15,39). The
insufficiency is  a consequence  of
intracranial pressure (3).

Gomola ¢t al. have described a prepubertal (10
years old) female child with middle face hypoplasia
who underwent elective manxillary reconstruction
(40). The surgery went well and postoperatively,
she was given primarily free water intrm'onously
(280mM glucose in 51 mM NaCl) at a rate of 2 per
day. The child weighed 30 kg with estimated total
body water of 18.51. On the first postoperative day,
the child became confused and developed headache
and vomiting. Renal function was apparently normal
on the basis of normal plasma urca and creatinine.
The plasma sodium was found to be 117 mmoll '
She  was initially  treated  with  sodium
suppiementation, but on the second post-operative
day, the plasma sodium was still low at 120 mmol-| '

respiratory
increased

The urine and plasma osmolalities were 342 and
255mOsmi-kg L An MRI of the brain was normal,
The authors proposed three possible explanations
for the hyponatracmia: a) dilutional hyponatracmia
secondary to IV hypotonic  fluid; b) pituitary
insuf’t’icicmy; ¢} inappropriate secretion of ADI.
Pituitary insulficiency was ruled out by normal
values for ACTH, cortisol, thyroid hormone and
growth hormone. The ADH was 4 (o S5pg-ml ', which
IS normal’  bul innppmprinlcly high for  the
extracellular hypnosmoln!ily (41) and is essentially a
universal f'inding in both pacediatric and adult
Postoperative patients (7-13). The child received 21
per day of hypotonic IV fluid in the presence of
elevated plasma ADH. Although neither initial
plasma sodium, urine output or total volume of 1V
fluids are provided, given the child's weight and
fate of infusion, the plasma sodium of 117 mmol] !
IPpears very likely to have been the consequence of
relention of about 31 of 1V hypotonic fluid over two
‘[35’5 (6). The vxpr'ossi(m inappropriale secretion of
ADS (STADH) was originally used for elevated
plasmg ADH related to lung cancer (42) and has
Ceome a cateh all term for virtually any patient with
"](‘\"im'd plasma ADIL In particular, postoperative
Patients as well as those with heart failure or hepatic

RO Blackwell Science Lud, Pacdatry: Anacsthesu, 8, 1-4
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cirrhosis have clevated plasma ADH levels but are
functionally hypovolaemic as well (41). Postoperatjve
subjects are functionally hypovolaemic, so that the
term SIADIH may not be appropriate in this patient
(11). There is also a perception that ADIH, and by
association SIADH, can somehow lower the plasma
sodium. Although ADH leads to increased retention
of ingested or infused water, in the absence of
increased water intake, ADH by itself will have no
effect upon the plasma sodium. Thus, the most likely
explanation for the hyponatracmia in this patient is
infusion of hypotonic fluid (51 mM NaCl/280 mM
glucose) in the presence of the expected postoperative
increase in plasma ADH. Adrenal insufficiency is
ruled out by the normal plasma cortisol and the fact
that she remained normal for six months without
any steroid replacement therapy. Exactly why the
plasma sodium rose following IV hydrocortisone is
uncertain, but may have been related to the expected
decline of ADH values to normal after four to five
postoperative days. Pituitary insufficiency is ruled
out by normal values for ACTH, IGF] and growth
hormone.

Symplomalic postoperative hyporalracmia carries
amortality of at least 15% (43), particularly in children
and respiratory arrest is a frequent occurrence, but
once this complication occurs, (he morbidity s
substantial (6,7). There is no obvious rationale for the
administration of hypotonic fluid to a postoperative
patieht, unless the individual is hypernatraemic (14).
If the patient becomes symptomatic, therapy with
hypertonic NaCl is indicated (39). The syndrome can
be prevented by administration of primarily isotonic
fuids to postoperative patients.,

Acknowledgements

Supported by a grant RO AG 08575 from the
National Institute on Aging, Department of Health
and Human Services, Bethesda, MDD, USA.

References

I Ayus JC o Ariefl AL Brain damage  and postoperative
hyponatremia: Role of gender, Neurology 1990; 46: 323-328.
Avuos JC, Wheeler NS Aricll Al Postoperative hvponatremic
encephalopathy i menstruant women. Ami Intern Med 1992;
117: 891-897.

Avus JC, Ariell Al Pulmonary complications of hyponatremic
encephalopathy: - Noncardiogenic pulmonary edemaand
hvpercapnic respivatony failure, Chest 1995; 107 517 521
Ariell AL Thyponatrenua, convulsions, respiratory arrest, and
prermanent bromn damage alter elecive surgery ine healthy

women Newe fagd [ Aled 1986, 314 15291535

)

WS-038/1 Page 12




= N

~

w

5

A.]. ARIEFF

Steele A, Gowrishankar M, Abrahamson S ef al. Posloperative
hyponatremia  despite  near-isotonic  saline  infusion: A
phenomenon of desalination. Ann Intern Med 1997; 126: 20-25.
Aricfl Al, Ayus JC, Fraser CL. Hyponatraemia and death or
permanent brain damage in healthy children. Brit Med | 1992;
304: 1218-1222.

Cowley DM, Pabari M, Sinton TJ ef al. Pathogenesis of
postoperative hyponatracmia following correction of scoliosis
in children. Aust NZ | Surg 1988; 58: 485-489.

Varavithya W, Hellerstein S. Acute symptomatic hyponatremia.
} Pediatrics 1967; 71: 269-283.

Grushkin AB, Sarnaik A. Hyponatremia: Pathophysiology and
treatment, a pediatric perspective. Pediatr Nephrol 1992; 6:
280-286.

Burrows FA, Shatack JG, Crone RK. Inappropriate secretion of
antidiuretic hormone in a postsurgical pediatric population.
Crit Care Med 1983; 11: 527-531.

Judd BA, Haycock GB, Dalton N ef al. Hyponatracmia in
premature babies and following surgery in older children. Acta
Pacdiatr Scand 1987; 76: 385-393.

Judd BA, Haycock GB, Dalton N et al. Antidiuretic hormone
following surgery in children. Acta Paediatr Scand 1990; 79:
461-466.

Brazel W, McPhee IB. Inappropriate secrelion of antidiuretic
hormone in postoperative scoliosis patients: The role of fluid
management. Spine 1996; 21: 724-727.

Rosenthal MH, Arieff AL Fluid and clectrolyte therapy in
surgical and postoperative patients. Curr Opinion Crit Care
1995; 1: 469477

Nattie EE, Edwards WH. Brain and CSF water in newborn
puppies during acute hypo- and hypernatremia. | Appl Physiol
1981; 51: 1086-1091.

Arielf Al Kozniewsha E, Roberts T et ol Age, gender and
vasapressin affect survival and brain adaptation in rats with
metabolic encephalopathy. A | Physiol 1995; 268 (Reg Integr
Comyp Physiol 37) (5): R1143-R1152.

S Anderson R], Chung HM, Kluge R of al. Hyponatremia: A
prospective analysis of its epidemiology and the pathogenetic
role of vasopressin. Ann Intern Med 1985; 102 164-168.

Y Rosenberg GA, Bstrada E, Kyner WT. Vasopressin-induced
brain edema is mediated by the VI receptor. Advan Newrol
1990; 52: 149-154.

Vexler 7S, Ayus JC, Roberts TPL el al. Ischemic or hyposie
hypoxia exacerbates brain injury associated with metabolic
encephalopathy in laboratory animals. | Clin Invest 1994; 93:
250-264.

Melton JE, Patlak CS, Pettigrew KD el al. Volume regulatory
loss of Na, Cl, and K from rat brain during acute hyponatremia.
Am | Physiol 1987; 252 (Renal Thad  Electrolyte Physiol 21):
FOO1-F669.

Gur RC, Mozley PD, Resnick SSM el al. Gender differences in
age effect on brain atrophy measured by magnetic resonance
imaging. I'roc Natl Acad Sci LISA 1991; 88: 2845-2849.
Kozniewska FE, Roberts TPL, Vexler 7S ef ol Hormonal
dependence of the effects of metabolic encephalopathy on
cerebral perfusion and oxygen utilization in the rat. Cire Res
1995; 76: 551-558.

Faraci FN, Mayhan WG, Heistad DD Effect of vasopressin on
production of cercbrospinal fluid: Possible role of vasopressin
(VD)-receptors. Amer | Physiol 1990; 258 (Reg Integr Comp Physiol
27): ROM4-R98.

Frasee Cl, Ariell AT Fatal central diabetes mellitus and
msipidus resulting from untreated hvponatremias A new
syndrame. A bidern Med 1990; 112 113 119,

INQ-RF

(15}

S

z

~

Venter 785, Roberts 1, Derugin Noetals Adaptation of (he brain
to hyponatracmia in two diflerent species Flects o) sender
\ ;

Abstracts Soc Newroser T994, 240 (in press),

Akaishi 1. Sakuma Y. Estrogen-induced - modulagon of
hypothalamic osmaoregulation i female rats. Apger ) Physuof
F9U0; 258 (Reg Integr Comp Physiol 273 RY21-R92y,

Stone [, Crofton T, Share 1. Sex differences 1y central
adrenergic control of vasopressin release: Amer | Plysgol 1984:
257, RI040- R1045. ’
Crass PA, Pehrisch H, Rascher Wet al Pathogenesis of clinical
hyponatrenuiar Observations of vasopressin and fund intake iy,
100 hyponatremic medical patients. Eur [ Clin Incest 1987: 17.
123129,

Fraser CL, Kucharczyh J, Ariefl Al et al Sex dilterences resuly
in mereased morbidity from hyponatremia in female rats, Am
[ Physiol 1989, 256 (Rew Integr Conp Physiol 251 KRS0 RKSS
Adler 5 Simplaceanu V. Effect of acute hyponatremia on rat
bram pt and rat brain bullering. Amer | Phusiol 1984, 256
(Renal Electrol Physiol 25y FIT3-F119.

Kanda F, Ariett AL Vasopressin inhibits caloum-coupled
sodium efflun system in rat brain synaptosemes, Aoner | Phusol
199.4; 266 (Reg Ditegr Comp Physiol 35) RTI69-R117S

Kanda E Sarmacki P, Arieff AL Atrial natriuretic pephide inhubats
the amehonde-sensitive: sodinm-hvdrogen exchanger merat
bram. Amer | Physiol 1992, 263 (Keg Ditegr Comp Misiol 32)
R279-R283 .
Widdowson BN, Dickerson [WT The effect of groweth and
funvtion on the chemical composition of soft tissues Frochen
| 1960, 77 30 <13

Fraser CL, Sarnacks IDNa Ko ATPase pump tuncton m male
rol bramn Sy NAPLOsOmes s ditferont trom that ot temabos
Phy<iol 1989 257 (Endocr Metab 200 E251-F289

Matsuda T, Shimizu 1 Baba . Postnatal change moa tal -
mediated decrease in (N RCUATT e actaiy i at bram
shices, Brapn Res FOa2, 5720 319351

hinna RR, Uzodimma TE, Desaiah 10 Agearelated changes it
bram AlPases durg treatient with Chlordecone fova
Focpon Health 1989, 27 190208

7 Guerra M, del Castillo AR, Battanes Feral ~\mh‘n;:«'n-~\(unu\‘lh'

preoptic area Na +, K+ ATPase activity i male rats Neroset
Let! 1987, 78 97-100

Fraser CL, Swanson RA - Female sex hormones minbit volume
regulation inrat brain astrocvte enfture. Am Pl el
PMhisiol 36) 1994, 267 C909 Culd

Sarnaik AL Meert K, Uackbarth R et ol Management ol
hyponatrenie seizures i dukdien with hypertonie saline A
safe and effective strategy Crit Care Med 1991, 19 738 702
Gomola A, Cabrol S, Murat 1T Severe hyponatioenia atter
plastic surgeryina gl avith cleft palate, mediat tacul
hyepoplasia and growth retardation (case reporly et
Viesth 19988 6U-71

Schrier RW Pathogenesis ol sodium and water retention mn
pephratic
syidrome, corhosis, and pregnancy Parts | and 2 Nt il
Ao TUSS: 319010): 1005 1072 and 1127 11

Bartter FLE, schavartz WBD The syndrome ol mapy

lugh output and  ow output cardiac fnfure.

w|U"l\J[\‘
- “uy) S
<ocrelion of antdiaretie hormene o [ Med Pnl 420

1o
Praser CEo Voett AL Epadennology pathaphy st ot
ap | e e

and

management of hvponatremic encephalopathy 1
102 67 77

Aceepled e 1907

s
TUUN 10 Lacadh e L) et Vool 81

WS-038/1 Page 13

e




A meeting of the Pacdiatric Anacsthetic Group in Northern Ireland was held in Musgrave
Park Hospital on Monday 26 November 2001

IN ATTENDANCE

Dr Dimascio Altnagelvin Arca Hospital

Dr Lowry Craigavon Arca Hospital

Dr McKaigue Royal Belfast Hospital for Sick Children
Dr Renfrew Ulster Hospital

Dr Crean Royal Belfast Hospital for Sick Children
Dr Wilson Musgrave Park Hospital

Dr Allen Musgrave Park Hospital

Dr Hurwitz Belfast City Hospital

Dr Turner Musgrave Park Hospital

APOLOGIES

Dr Carlise Daisy Hill Hospital -

Dr Kelly Tyrone County Hospital

Dr Ferguson Antrim Area Hospital

Dr Prasad Antrim Arca Hospital

ITEMS DISCUSSED AT MEETING

A case of hyponatraemic cncephalopathy in a child following surgery was discussed.
This led on (o a wider discussion of preventing hyponatracmia in children receiving
intravenous {luids.

The final draft document being prepared by the Department of Health in Northern Ireland
'Prevention of Hyponatracmia in Children Receiving Intravenous Fluids', was presented
and discussed.

Thanks were given to Dr Callum Wilson for hosting the meeting at Musgrave Park

Hospital. The next meeting will take place in Spring 2002 at the Royal Belfast Hospital
for Sick Children.
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