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My name 1s Edward Sumner and I am a cc}nsultant n Paedlatﬂc Anaesthesia with an

interest in Intensive Care. ~
I was consultant at the Great Ormond Street Hospltal for-Children, London, from—- - —

1973 until June this year. I am the author of several textbooks on the subject and am

the Editor-in-Chief of the Journal, Paediatric Anaesthesia.
Currently, I am the President of the Association of Paedlamc Anaesthetists of Great

Britamn and Ireland.

In the preparation of this report I have carefully perused all the medical and nui'sing
notes and statements presented to me, together with the reports of Dr Herron and Dr

Loughrey,

1 understand that my overriding duty 1s to the Court on matters which are within my
expertise. I also believe that the facts I have stated in this report are true and that the

Opinions I have expressed are correct,

Rachel was born on 4™ February 1992 and was a prevmusl}f fit and well little girl Wlth

normal development.

-

On 7" June 2001 she was admitted to Altnagelvin Area Hospital via the Accident and

Emergency Department complaining of sudden onset, acute abdominal pain with
icreasing severity at around 8 pm. She had eaten dinner at S5pm but after that had no

appetite.

She was nauseated but was not vomiting. Her temperature was normal. The physical
signs were of acute appendicitis with tehderness over Mcburney’s point. Her weight

was approximately 26kg.

Preoperative haematology and bm{:hemzstry was normal, notably the serum sodium

was normal atl37mmol. ]~

The urine analysis showed proteinuria++
Consent for surgery and for rectal analgesia was taken from Mrs Ferguson in tha

theatre area. No premedication was administered and anaesthesia was induced at
approximately 1130 pm. The anaesthetists were Drs Gund and Jamison and the

surgeon Mr Makar,

The anaesthesia was routine and involved analgesia administered by the intravenous,
rectal and local routes and a relaxant technique with intubation. She was also given an

antiemetic. The anaesthetic form shows that she was given one litre of Hartmann’s
solution, but a witnessed, refrospective note states that only 200ml of this was actua]ly

infused.
Surgery finished after m.ldmght on 8" June and pastoperatwely there seemed to be

prolonged sedation from opioids, though she was awake in recovery by 0115. The IV
infusion was to be recommericed in the ward,
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The appendicectomy was routine. The peritoneum was clear and the appendix itself
was mildly congested with an intramural faecohth There was no Meckel's

dwerﬁculum

Later on that day Rachel was noted to be apyrexial and free of pain, but she had
vomited at 0800 and at 1015 she had a large vomit and again at 1300 and 1500. At
2115 the nurses noted “vomiting ++ (coffee grounds), colour flushed to pale, |
complaining of headache” and at 2300 there were three more small vomits: In spite of

the vomiting Rachel had been able to walk during the day.

During this time she was receiving an intravenous infusion of solution 18 (0.18%

saline with 4% dextrose) at a rate of 80ml per hour with a total of 540ml between
leaving recovery and 0800 and a further1680ml between 8am and 4am the following

morning (9" June) giving a total of 2220ml in 24hours. The fluid balance chart is
confusing as the IV input is in the wrong column and I am nof sure what 1s the

significance of the AMT (150ml every hour). There is no note of any urine output or
oral fluid intake, though it does say she was fasting duﬂng the night of surgery. There

was no nasogastric tube at that stage.

On 9™ June 2001 at 0315 Dr Johnson was called because Rachel had had a fit and
had been incontinent. The seizure activity eventually responded to rectal and 1V
d1azepam after 15 minutes. Oxygen was given. Although she was unresponsive, the
vital signs were normal and the blood sugar normal at 9.7mmol.1 1 An electrolyte
disorder was suspected and this was urgently checked. The electrolyte results from
0330 were: sodium 119, potassium 3, chloride 90, CO; 16 and magnesium 0.5%mmol.1

—1 These were repeated at 0430 when the serum sodium was found to be 118,
potassium 3 and CO, 15mmol.l” !

At 0630, the paediatric SHO noted that Rachel looked very unwell with pupils that
were fixed and dilated. Her face was flushed with a rash and petechiae on the neck,
probably from the vomiting. The chest was “rattly” and they wondered whether there
had been aspiration into the lungs. The differential diagnosis at that stage was
between the biochermnical disorder and a cercbral Iesion such as meningitis,

There is also an untimed note from the surgical registrar mentioning that Rachel was
unresponsive with fixed, dilated pupils that she was infubated and that an emergency

CT scan was organised.

At 0830 the anaesthetist was urgently summoned as Rachel had stopped breathing. He
found her to be cyanosed and still vomiting, She was intubated without the need for
any drugs, given antibiotics, intravenous 0.9% saline with magnesium and |
catheterized. Suctioning down the tracheal tube produced copious dirty secretions,

Later, the CT scan showed evidence of subarachnoid haemorrhage with raised

J
intracranial pressure and at the request of the neurosurgeons a second, enhanced scan
showed no evidence of a subdural collection of pus. _

She was transferred to the intensive care unit and then to Belfast at 1110 at a time
when she was hypothermic and with a negative fluid balance of one litre.
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Rachel event{lally died the following day at 1209.

The postmortem examination was carried out on 11" June by Drs Al-Husaini and
Herron. They found diffuse swelling of the brain with flattening of the gyri and
effacement of the sulci. There was bilateral uncal swelling and uncal necrosis, plus

evidence of diffuse hypoxic ischaemic necrosis due to perfusion failure. Therr

conclusion was that Rachel died from cerebral oedema due to hyponatraemia.

I would Iike to make the following comments:

1. Rachel was a previously fit and healthy little girl suffering from mild
appendicitis, -

2. Postoperative vomiting is very common indeed and has a variety of causes
notably as a reaction to anaesthetic agents particularly the opioids such as
fentanyl and morphine, but also after interference with the peritoneum.
Vomiting is also a sign of rising intracranial pressure. Rachel was given
antiemetic drugs, but suffered very severe and prolonged vomiting. We know
this because of the presence of “coffee grounds” which is a sign of gastric
bleeding and also the petechiae seen on her neck from straining.

3. It has been known for many years that after surgery there an accumulation of
fluid in the extravascular space and that some degree of fluid restriction 1s
necessary postoperatively for 24 to 48 hours, This known to be caused by the
inappropriate secretion of Antidinretic Hormone (ADH). The commonest
regime to cope with this and prevent the deleterious effect of the excess water
is to give 2ml per kilo body weight per hour for the first 24 hours of a solution
such as 0.18% saline with 4 or 5% dextrose and then alittle more the
following day. During this time it is essential to replace gastrointestinal losses
with an equal volume of 0.9% saline (normal saline) together with a potassium
supplement until the patient is back to a normal feeding regime. Rachel was

" given approx 4ml per kilo per hour of the no 18 solution and no saline

replacement for the vomiting losses.
Vomiting causes a severe loss of both water and electrolytes. Sodium and acid

are lost from the stomach in the vomiting and as a compensatory mechanism

the kidneys in trying to conserve sodium allow a net loss of potassium. If these

dual electrolyte losses are not replaced with normal saline, but only a fluid
containing 30mmol.l  then a state of hyponatraeﬂua will develop acutely.,

The extent of the severe electrolyte losses seen in-this case is reflected 1 the

very low level of serum magnestum,

5. There is no doubt that Rachel suffered severe and prolonged vomiting. In my
opinion there should have been fluid supplements administered, probably as
early as 1030 on 8th June after the large vomit. It would also have been very
prudent to check the electrolytes in the evening of that day, as the vomiting

. had not settled down by that stage. It is very uncomfortable, but with -
prolonged and severe vomiting after an abdominal operation, a nasogastric
tube to drain the stomach and allow the gastric losses to be accurately
quantified should have been passed. There is no evidence of any attempt to
measure the gastrointestinal losses or the urine output — both essential for

correct fluid therapy.
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6. By the late evening of the 8" Fune, Rachel had become extremely
hyponatraemic, hypokalaemic and hypomagnesaemic. Hypnﬂatraeﬂua 18
usually defined as a serum sodium of less than 128mmol.] ~ so the levels
found in Rachel were very low indeed and the changes from the normal values
found preoperatively had occurred very quickly. ' :

7. The brain is very sensitive indeed to acute changes in serum sodium levels and
cerebral oedema from hyponatraemia with catastrophic consequences is very
well documented in the medical literature. Although the skull is arigid -
structure,as the brain swells, the intracranial pressure does not rise at once
becanse CSF and blood are displaced from-the cranium, but when this
mechanism cannot cope, then the pressure rises rapidly and the brain is forced
down into the foramen magnum — a situation known as “coning”. At this stage
there would be seizures and vomiting with the rise in intracranial pressure
followed by changes to the pupils and loss of consciousness. Brdin death

" follows if steps to reduce the ceregbral swelling are not taken immediately as
the intracranial pressure exceeds that of the blood supply. Rachel’s clinical

course vividly illustrates this.

To conclude and summarize, I believe that Rachel died from acute cerebral oedema

leading to coning as a result of hyponatraemia. I believe that the state of
hyponatraemia was caused by a combination of inadequate electrolyte replacement in

the face of severe postoperative vomiting and the water retention always seen
postoperatively from inappropriate secretion of ADH.,

-t
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pdiuid... . Body water &5 convenuonally divided into
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This chapier My o cover the busicgegf:

1

-

The first outlines fuid phtaminnx Therdge o and transcelludur, 1o adults 6% of water i3
Are e lh, L ) * : "
eristiiteid mantenance urds s Jdedltwith in mitraceliolar, 10%0 transcellular und 30%w extra-

—)

e seeond. The turd sectton Jdeals mthu&]tﬂtda cetfudar.  of ~uwnich 5% is muravascudur.
tid touches on the ervstaditodieollond debiie Tor - Although It I well recosnized that disease

ry =
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dnatestheani, WY : nnlua.nuewr straceflular water Jdecreases from
wifs. - 6aina "'!}-u ek ferus to 5%, at erm and fails

R a4 Further 3%, in the first 5 duvs of life.! Adult

: : T levels are reached by the end of the second yeur

' ol dife.
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( 'fL LD PHYSIOLOGY -
-.( . ¥ .
THE STARLING EQUATION

The exvacelular comparunent s further sub-

.TOT*J‘L BODY WATER AND FLUID divided into the intersutmd and intravascular

5 ¢ ” ) A o . .
BALANCE spaces. with the interstitial spuce being threg
and o hall omas Tureer than the mmoravaseudur. +
Fluid Hux between the two was first deseribed

Tow! body water varies with degree of adiposity
(9, of muscle wetsht 15 water vs 107, of Fat. ) ‘
Jiseuse state and age, Ninetyv-four per cent of hy Sturling. who noted that the rare of fuig
the hody weivht of a I2-week letus is water and  Hovementinto or out of a capiilary was refates
this I‘un'}; L0 :g‘;{)n s bv 32 weeky ﬂ&a{..umﬂ and to the net h\’d!ﬂ%hl[lL pressure minus the net
“$a by term. There is u I'ur{her reduction of  Usmotic pressure.” The Starling equation:”

about 3, in the first week of fife. followed by i _
sradual fall o adult levels of 50-60% bv 18 Jo = Kl Pe = £1) = delme = ml).
months of age.’ : where /. = rate ol fuid movement mig:out of -
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e L 234 Fluid balance: all aspects

o

& .

v capillary: Ay = capillary filtration coefficient:  ‘smullincrease in Josses will therefore have o

£, = cupillary hydrostatic pressure: P, = thsue  much sreater effect an a small child and this

1 ~ fluid hydrostatic pressure: &, =  reflection explatns why disrrhoea remuains such an im-

> | * coefficient: capillury colloid osmatic  portant cause of infunt mortabty world-wide.

S pressure: i = tissue colloid osmotic pressure,

has been further modified 1o Meorpodle
coefficients which represent the permeubilty of
the- capillury membrane 1o small solutes | Ayl

' - and the reflection coefficient which describes the MA/NTENANCE
“membrane’s abiliiy 1o prevent laree malecules CRYSTALLOID -
such as plasma proteins from crossine it the
acffiient (ser® e REQUIREMENTS

Starling caefficient {sch” If sc is 1. then a Buid
can realize ity full osmotic pressure=if sc for a

h membrune is O then Quids will puss freely across

f- itoand no pressure will be exerted. The . A FAINTENANCE WATER REQUIREMENTS

: ' coelncients vary between differemt oreins of ' : ~

E . _ - . Although there are numerous formulae for

; the body and are altered by divease. Burns. e dintenance Buid rearteamente

3 sepsis and cardiopulmonary bvpass, in partien. SHeURNG maintenance fluid requiremenmts, it

: ' itirijac;uc** ] \ t:llinu i;;n'if;:rlflei ulf‘lf . ommporiant 10 siress that these are all
SC. res v in canillaries which are .

3 i;‘tL!EI - ; 3 ‘['h. Thi 1';} 1“ : e!’!‘! 1’ ) il; “purdeiimes oniy. They may be used as o starting

reasingiv Ckuky s has el o’ T

: fili'rw:u:u;fr t‘:hle:k - y i {t :Ld pomnd bt the individwd child's response 10 the

- ) ;I “{ 1‘”ﬂ v _}ffl l;“‘“"’mF asUc f"i emt:.- fuid given must e monitared and APpropriate

A ’ allows .os allv active puinticle; T :

Pl . +‘”1 o ;] ?h (e _lcl‘.l '}I 1}.&11& LI‘;‘}”L “‘! e ddpusiments made 1o the repimen.

b Shcdpe miQ eh””'ﬂs I”,“} ‘“‘p‘!;e' ] s }f” The formulkie availuble for calculating Auid
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Hcredses ;‘-: Hi. ese particles will remainin the o eemon huve s their basis hady  surfice

L JIICTSULI] Space. Increasing its 03motic pressure o By ealoric regirement and the weishi

; ) and altering the bakunce of the Starling equation of the child

./ until they ¢un be removed by the Ivmphatic

systent,

Most of the components of the Swurling BOQY surface area

L N

equation can be measured only with difficulty
in the luboratory but the intravasculur osmotic
pressure and the capillary hydrostatic pressure
can be meusured clinically.™ Guvion o1 of.
describe certain ‘oedema protection factors'.
such as increased Ivmphatic Aow. which DFEVENH
the accumulution of oadema until the capilary
hvdrostatic pressure has increased by more than
15 mmHg." This is supported clinically by the
observation that in the absence of pulmonary

Various nopograms are published which culeu-
late BSA from height and weight, In older
children the caleulation of BSA is rehinvely eusy
and accufiate because iis possible to obtain un
accurate height. Measurements of the lenath of
& neondie or small mfant are not us reliable and
errors of up 10 20" in BSA are well recognized
in babies less than 3 ke.” Because the height
length measurement is indccurate. most centres
now use a formula based on weight alone 1o
caleulate fluid requirement and the use of BSA

. = capillary damage. the left atrial pressure (equiv-

i 2 alent to hydrostatic pressure) must be increased has fallen from favour. '

4, E;. to 15-20 mmHg before pulmonary oedema is

i, seen. : : S@
;: : & One of the main differences between the fiuid Calorie requirements ____
i balance of adults and i“fﬂ_mf is the relatively  The metabolism of } calorie requires | m} of ;%ﬁg_;,i
8 ) large water turnover in the infant. The water  warer because. although 0.2 mi of water iS&F7
;';:?;:ﬂ contained ‘j‘-’iihi'ﬂ the extracellular space of a produced. a further 1.2 m! is consumed. There-

;%f- 10 kg man s about 14 ). Just under 3 | dav'is  fore. 100 calories will require 100 ml of water

5 lost in urine. faeces. sweat and during respir-  for metabolism and Kknowing the calorie require-

3 ation (20%). Ina 7 kg mnfant. the extracellular  ment of a child will also reveal the water

it |
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requiremnent,’! In 1911 Howland caleulated the

space contamns about 1.6 ] and obligatory Josses
calorie reguirement of an infantr from 120 La

are around 0.7 I dav™' (44%).2 Any relatively
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metabolized b¥ the vourger child
uted 1o PEOPO ationally. larger Sy rfdce ifen and
growth.'”. In.infuants of less than. [0X% body
weight, 50 cal ke™" will be needed 3 basual
metibolic requirements and the rest for growth..
Children of less than 20 kg bodv weight need
HIO0 cadories for the frst 10 kg but onlv
30 cal k™' for the next 0 kg becuause of
sfower growth rute. and larger children and
adults need oniv three times the culories of a
neonate {1300 calories For the hrst 20 Fv and
20 cal kg™ thereafter). ! :
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Dextrose requirements

[n the UK. intravenous dextrose infusions are
usually supplied as 4%4. 3%. 10% and 20%
strengths. In additioh. 30% dexirose is avuiluble
for munagement  of hypoglveaemin,  Vlost
mfants and children require 4°% or 3%, dextrose.
A recent study  from  Germany., however.
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) requirements calculated by weighit omerd | R . s
_ suggests that when these infusions are given B
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Whatever mechanism is used to caleufate fuid  peroperatively. children mity become hypergly- B
thl;[EiiI’f!]}ﬂi'ﬂﬂ. it miist he Siﬂ}p!ﬁ and I‘DG;F*!*GL'}[" Cuaeinige W’Hh dextrose CONCENIrIons 18 {ow us RS
. : : . 2T P <3 txmare oty am . A
because small miscaleulutions cun vesult in =27 o dithough these were administered a1 harge s
. - g . 4 . . ] . . ¥ .~ . _I ""'I -1. T o
signifcant errors in Quids administered. ™[t has  Yolumes equivalent to 200 md kg™ day™ " ks
afready been suid that 100 calories requires  Pyeonates have poor ghveogen stores and require ZRORY
100 mI of water. & 23 kg child. thererore,  Ngher glucose intusions o mainwin their blood s
reguires 0 ml ket tor the frse. v wlucose levels. The mujority of neonates. there- S
o . — » - + S
(000 mb, 30 ml ket for the aeat. 10 ke fore. are raditionally managed using infusions ‘s"""
- . = LR Cpgo dyialy e ;. . T
(GO0 mb asd 20 mb kg b otherealter (10l o B dextrose which can be given through o R
+ » h e . - ¥ iy a e . ~* 1. . - _-!_"IEE '-::i: 'T
This cun be simplified by assuming that there S5 care umt particalardy m the presence of e del
are 23 h in ow duv. The child then needs  Sepsiso may require Figher infustons than this, e
doml ke PRV for the Hrst 0 ke o3 mis Such puatients nuy also peed Huid restriction S
> . 5  and it b s < et ; SEEh
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a1t the bedside without o calealator, 5 o vouple of duys will require purenterul hyper- SR
Neonmttes have greater fluid  reguifementsy  dHmentation rather than stimple dextrose suline St
. - "l."E": i::; : i iy - b 3 Al 'i L 1] - " - - "1*3‘ -.'::f'
thun infunts. As o general rule, mostfigonaal  selutions. Hyperglyeuemia cun develop in re-
. _ . . . . ek raimom x . .y . ol g e
| LBVES u“t‘n\' ﬁﬂ nﬂ kg I’ h.”. the hl“.t! L{Lt v | h}}ﬂﬂbi‘ [ SiFess, Bﬂ'[h h} ]J{Jgf}l;.dﬁl‘nld {Eﬂd : e
( increasing by 30 ml kp7Uday™! o 150 mf ke~ hyperglyciemin can ocewr and blood  suguwr R
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tor o term neonute and 18O mi™" kg~ Pday = ror fevels should be regulirly monitored. s
a preterm. This requirement will be affected by :g
- et
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_ o Electrolyte requirements
Table 8.1 ~Normal maintenance tluid requirements : friiiss
e Electrolyte requiirements vary with prematuriny, Sl
(o i1y : - 1 e s _— i s . - 3 '::. ":'..1?-?::-2
Weight {kg) Maintenance fuid fosses and disease states. There is some debute Sk
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236 Huid balance: all aspects

¢ weeks of lactation. and meety the preterm
Smfant’s increased requiremenis for these el-

=ments. Preterm formulie with similar electro-

Ivte composition ure also

for preseribing. mosi children

Smmaol ke of sodium and 2 mmol ke™! of
potassium. This meuns that 4 10 ke infum whe
needs FO00 ml of Auid per day will also need
dround 30 mmeal of sodipm, fn the UK. Auids
itre availabie us dexirose (+"¢ or 1¥,) und
L18%y saline (L.e. comaining 30 mmol =), For
MOost patients, a readv-mude bag of fAuid will
provide their electrolvte  needs, In  some
mistances. additional sodium will be requived.
This can be added 10 4 stiandird bug using o
strang sadium (30%0: 000 mmol 174 solution,
ar Normal saline 10.9%,: 150 mmol Iy o hadr
Nomal saline (0459 75 mmal 1, cun  he
tsed i its place.

The amount of sodium adminisiered 1o
BORcies  m the  immediyie nostopergtive
period nzeds to be monitoared, Nrummel o of.
studied 20 surgical newborps and found tha
hypernatraemia occurred in 64% of term babies
and 67% of preterms. In alf cases this appears
W be due predominantly (o gn ddnunisiered

sadm foad of more  thyn HI0%  of the

estmated nutinienance requirements. This wuy
compounded by g shghtlyv reduced abiliny 10
excrete sodium and a shop period of posi-
operative sodium retention. '

require -

-

SPECIAL REQUIREMENTS

Gastrointestinal lossec

Gastrointestinal SUTrgery' 1= relutively comnion in
small infunts, Heus muay also oceur in 4 sick
child: therefore. gastromtestinal Josses are of -
Importance, Nuasogastric aspirates should be
replacad  volume for volume with normal

saline containing 10 mmal potassiim chloride

per 500 ml. This sodium load allows the

patient’s kidneys to correct the hydrogen defieit

mcurred by the loss of 2astric secrerions, Stoma

losses may also need to be replaced. High

stomas m particular may be associated with

significant sodium josses leading to as much 4 6-

fold increase in sodium requirements. Losses of

more than 40 mj kg"lda}-‘” are likely to
require purentergl replacement using the same
solution of normal saline with 10 mmol potass-

availuble. As a guide

i per 30U ml, Lrsualiv, 0.5 m iy repluced for
every I mijosi hut. depending on the volume of
losses and the site of the sioma. anvthing from
onie-third 1o three-quarier replacenten muy be
required. Children who have ilews. either from
gastrointesting strgery and puthology or sec-
ondary to another cause. cin secrele Jarue
dmownts of fluid within the sl and peritoneul”
cavity, Bubies with ahdominu distension due 1o
Hirschsprung's disease {colonje aemghonosis)

may be intravascularh ‘depleted in the presence

of sieady weisht or even welght gain and such
patenis may need intravascular volume repla-

cement despite rormal indicess

Pyloric stenosis

Hypertrophie pyvloric SWHOSIS by o common
cond:ion with an incidence of about | 2o,
All bahies with this conditon VoMU ind Wit
FOYUBS Preaperative iRt enoys finds, About "
M of pantients will hanve o significant deringe-
ment of their electrolvies und aoid: base status
5 resuit of vomitine, The most tiselul
electiohvie 1o rouge the seriousness of the
metabolic upset is chloride. which cun he used
e caleulate the chlorde defich and Ehis must
often be specificiily requested as it is no longer
performed routinely in mosi haspitals, While
the serum chioride remuins Jow. the mfant will
be alkalotic.' The vomitine of HCL. together
with the kidnev'y atlempts 1o conserve sodium,|
Fesults in a metabolic alkalosis and 1 depletion |
ol total hody potassinm. Be HUSE POLASSIM 5 |
an miracellular jon. (he sefum potassium is g |
poar guide 10 potassium requirements and will |
usuahly be within the normul runge, |
To correct the metubolic alkalosis. the infant |
must be given sufficient sodium and potassium
5o that the kidnavs can conserve hvdrogen ions
and. correct the acid: buse sirus Chloride iy
4lso given as the amon ta both sodium and
potassium. Most bubies with mild derangement
(sodwm  bicarbonate < 33 mmol} will be
Corrected within 24 h using
dextrose plus 0.43% saline with 15 mmol of
potassium chloride per 500 m] bag at 150--
180 ml ko™ dav™'. In extreme cases. normal
saline (or 4.53% albumin which contains
130 mmol N 7') may be required and 2—
Y days of parenterul fluids mayv be needed
preoperatively, It is also important to remember

098-043e-153
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)

that any gastric distension results in more
gastric juices being secreted and lost. A wide-
bore. nusogastric tube should be. left *on - free
drainnge with regular aspirations sand. any
misogastric losses should be repluced millihire

1,

for mulilitre with normal :;;tliilé**tﬂ"ifﬁ*‘“‘%fd@éd_

.Fi

potassitm (10 mmol in 300 mi).

Posterior urethral valves

Posterior urethral valves cuuse a congemitul
obstruction of the male posterior urethra aad
affected infants may also have d dearee of renal
dysplasin, Nowadays. the condition 18 tnereas-
moly diignosed antenatally and most other
children present within the Rrst month ol life.
The injtial manazement of a neonate with valves
is to catheterize the patient and then confirm.the

jaenosis by cvstogram  and or  cvstoscopy,
“orgery consists of vahe abliton via - the
cystoscope. - A sivnificunt number  of these
children will have renal imparrment whiglj ay

be long-term. and almost afl have o diggesis in

response o catheterization and relief"?ﬁ*ﬁ: The
obstruction,  Urine output must be ~glosely
monitored in these patients and  theirs fuid
intuke will be bused on their crautiniiig™ wid
their output. Maost of these bubtes ure well
enough to receive oral Jeeds but will also yeguire
purentera! supplementary Tuids w0 kewp up with
arinary fosses. This divrede phase cun {ast tor
between 24 b and o couple ol weeks, tuguin
emphasizing that strict criteria cunnet “he laid
down for neonatal fluid infusions,

»

Congenital diaphragmatic hernia_

The fuid handling of a neonute with congenitil
“sphragmitic hernia merits speciad hention.
Are appeurs to be only u narrow path between
Svolaemin and Auid overload. either of
which may have catastrophie etfects resuliing
in a worsening spirad of acidosts and hypoxia.
Rowe ¢r of stadied the urine output und
osmolurity of both unne and serum m 22
infants with diaphragmatc hernia vs 12 control
infants undergoing fapurotomy lor some other
reason. They found that alihoush all controls
responded appropriately. 4d%o of the diaphrig-
matic herpia group mmappropriately  retuined
Huid in the frst 16 h afier surverv and one-
third still had un inappropriitfe wrine output

e e
LR L2
S RE S

e e o R T

24 h after surgery.'® Fluid inanagement of these
children involves strict ¢rvstalloid restrictions

1
1 -

,...,E"'_..-.— .+
e .r

(30 m ke™! day”' for the first 24 hyadd:dolleid i is:
boluses to maintain normovolaemiai- Close~

monitoring of urine output and serum and
urine osmolarity will help in the management.

Phototherapy

Neonatal “physiological” juundice is relatively
commuon and 18 worsened by dehydration. Some
neciuites with a rising unconjugated hvperbih-
ritbinuemnt can be managed simply by liberal-
izing thew Huwids. This muy need to be via a
nasogasiric tube or parenterally as the jaundice
tends to make the babyv sleepy and therefore less
able to feed. which compounds the problem. i
phototherapy is required. environmental water

-
L |

toss s increused stznideanidy und an exira 23
ml kg~! duy™! should be udded to the Auids to

compensate,

Effects of surgery | .

fn 1968 Retd showed in adult patients that duid
accimulation occurred in the eurly postoperu-
tive phase and that this oceurred entirely within
the extravascukir spice, There wis no change
the intravascular volume even when laree tuid

=1 R |

erenses . wers sesn evirnvasculariv.t Sever
veurs earhier, Shires o of. had studied Huid
shifts peroperatively amd noted an aeute con-
pgaction of the funcuomd extracellulur Huid
which., in the absence of blood loss. they
prosumed o be due to mternal redistribution.
Thev noted chat the magnitude of the nternal
redistribution was reluted 1o the degree of
surgical trauma and particularky o the duration
and degree of retracuon. They concluded that
this was a major stmulus 1o the fBund and

, . . N
soditm retention seen postoperatively, '™ Cer-

paindy, after mujor abdommal surgery there 1s a

fall in the serum sodium and evidence of fAuid
retention  with  periovbital and  dependent
oedennt. which can be reduced by restricting
fhads for the Arst 24-43 h following surgery,
Followimg  minor procedures  patients  are
dhowed their Ffull mainenance Auids. but alter
any nigjor surgery their inake s reduced o
Py of requirements for the Hrst postoperutive
duy. and if additional duid is required it may be
better to be given as collod, :
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Deep burns result in red cell destruction and the
usual blood requirement jc of 1% of narmal
blood volume per 1%
more than
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238 Fluid balance: alf aspects -

Sepsis

Hyponatraemiy iy Sepsis is well
18 associuted with g WOrse prognosis. Huannon
itnd Boston fooked a1 fluid und ion redislyibu-
on I an animal madel of sepsis and found
significant shifis of sodium. chloride and water
- 1o cells compured with sham contraly. ' They
found this trend 1o he exacerbated by infusing
Mo dextrose compured with normal saline with
fiuid shifts occurring when the volume infused
was Jess than the estimated Buid reyuirenient.
Thev suggested that (he hyponatraemia and
plasma h}-‘pO-DSﬂmktﬁI}' were caused by g

combination of intraceljuluyr shift of sodium

And witter, and g dilution of he extraceliuiar

Space. probabh caused by physiolosieat unii-

diureiic hormone LADH) secretion. Their can-

clusion was that. in the presence of sepsis, 4%,

dextrose + 1.18%. sodium chioride is inap-

pronriale, potenUa’y dangerous and should be

dvorded,

Burns (see also Chapter 15)

Significunt burns eause lirge fluid osses und
burns patients reguire lurge volumes of Auid
resuscitation. In addivion ia normal mainien-
i#nce  fuids, such patienis need resuscitiuiion
fluid administered 3¢ Normal suline. Ringer's
solution or Gelofusine® given over u1 least the
first 36 h afier injury. The 36 h are divided inio
of 6 h and ane of
12 h. The Lming starts from the moment of
the first infusion is mevitabiy
aved. During each ’periad the child needs an

per %e burn. The precise

plasmy osmolality, perfusion
plasma deficit. This cun he
from the formuly:

plasma deficit = blood volume

- ( blood volume

y normal haematocrit
observed haesmatoerss

burn for deep burns of
10% surface area Because the

recogmzed and

haematoerit is a4 uselyl guide 1o the phismy
deiieit, blood ix usually best ad ministered during

. . 2 . | e
the fast 12 b of Auid resuscitation. &

Clinical assessment of dehyé‘ratfon

Although thirt appears  with the Joss of
dpproximately 2%, of ol body wuter. ‘the
stte of the peripheral cireulation 15 the most
sensitive guidd (o mare serious levels of clinicul
devdration in children, C are-perimpheral tem-
perture difference becomes elinieall v detecible
Und mcous membrunes diy at around 5%, Joss
ol tord boady wirter. With 100, dehydrittion the
peripheries are cold iand cuptlary refil, nop-
mahy complete within 2 s, is dely ved. Pulse and
FESPISHOTY TUes inereuse, COnsclousness man be
clouded. and in the neonare the fontanelie ix
sunken. Bloud  pressure may fall. although
Docittise of Hhy fnereued Cardiie oupat ciused
by the Wwcincardin this is noy i ey or refisthle
sign Urine ouipat s decreased, Ay 3o,
dehydration captifury refill may he incomplete
even after Hbs. the mouth iy parched and the
cYes are sunken. The pulse is rapid and thready
it blood pressure low, The chiid Is Stuporose
and eliguric. ind may show siens of Fesphitiony
distrass, Losses in excess oF 20" may be [l

COLLOIDS

THE CRYSTALLOID VERSLS COLLOID
DEBATE

The superiarity of colloid over crvstalioid for
volume replacement Femunns controversial,
Whilst crvstalloids
in the USA. colloid, are preferred in Europe.™
The debate centres an
replenishing and the Iportnce or otherwise of
collaid osmotic pressure.,

intravascular space.
mtravasculur volume
cing the sume ncrease
smalter volume of fluid. The proponents of
crystalioid argue that the whole extracelular
fluid space is reduced i hvpovolaemia because
of fluid movement from the interstitia} compurt-

""I! 1™

are generally mare popular

which fluid spuce needs

Colloids theoretically remain  within the

therefore expunding the
more efficiently. produ-
in cardiac output for «
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undergone a circ_ulzt[ing volume transfusion of  children under 13 vears of age who require or
red cells. In b:ti?ae:s and infants. o transfusion  may require a transfusion but whose e o
of 210 ml ke™ is uwsually sufficient. whilst  reéfuse to sive consent, legal advice sh{}pufd be
unit trapsfusions are appropriate in  older sought. Such children winm}rmaH}' be made a
temporary ward of court, This subject is
covered more fully in Chapter 2. e
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- FRESH-FROZEN PLASMA AND
CRYOPRECIPITATE

FFP contains | unit of [factor activitv  per
H QCUVHY  pei ' ,
mlihitre of plasma. A decision 1o use FEP or Sickle cell disease *
cryoprecipitate should be bused on @ combi-  Truditionally, patients with sickle cell disease
;]:j“””‘mt chinicul and keboratory Hindings. A chave been routinely, ransfused before elective
[ T of }:f_bS thuan 1.4 ora partiu} thromboplustin surgery. There has. however. been little con-
f’.f’e’.fif Ie;h than 60 s 15 unlikely 1o Lise - sensus as (o whether simple corvection of the
hi:”!f}{“‘m.i_ leeding problems and corvection s gnuemia is sufficient or whether the level of HbS
+ Dot required. Lftb“?““m'}' values greater thun  should be reduced to less thun 30%. Vichinsky
) these {‘}'"'3{5 or significant bleeding will require o 4/ compured a conservative regimen |lrans.
vorrection, An empirte dose of -1 mf ke ix Pusi N & LT
' - g K tushtg  to o haemoglobin  leve Coar
usuaiy adequate or the dose can be caleulated 41 with - ores] | of around
he bodv vee _ _ . H) g dl7') with an ageressive revimen thaemu- -
by body weight, plusmn volume and desired  sjobin of around 10 2 dl™! and an HbS level ar
increment of clotting factor - 5 *' A Pl
Crvanrecini f.n_*—_ Ituu‘m‘. s tess thun 30%.). They tound the conservative -
y ;E{ﬂp;eupmtu 15 i pour sotree of fuctars [ revimen to be as effective in prevenlin'w Derin '
ENG XOOXT and XA hur contuins Tuctors = R | ¢ perTin-
VIH - C. VIIVWE. NUL fibrinosen nd :—;‘31“ perative comphieitions and this group had half
nectin, Indicutions for i e hi!“d‘e o P axmany transfusion-associnted complications.™
. ., . - " : :. ﬂrt]{.t"' g‘ . |. - . * . . = 7
- . . _ - Stmilirby. mmediately preoverative transfusio
!_“lhtlff:i A.ovon lfviilebruml thsease, fibrinoyen 0 i huenuiocrt ﬁfbn’?ﬂr‘p{h'm -;;;_mi“?lﬁ I?
defiviency, massive  transiusion and uraemic FHeacious 48 1wo-t ol o e TN
, L el i . ] - . LILls Lis AL LIS SXNCHIINT2S DO
phltr:!xz_*i d}nfum.:mn. s advinrage over FFP s > weeks prior (o \ﬁ_]‘t.”c;? ‘:ﬁ;:d?;‘“ _H ;E':.'tﬂﬂ.mg
that 1t s concentriied and one bag (of Lo fhe‘h 1 N0 P o ith s Shtiption S
1520 mb is the dose per 10 ke hody weight, _ tmily.” Patients with HbSS  disease T
= CE should, réceive  transtusions 10 correct  their R
o aniemit. They should be given adeguate
L perioperatne hydratios with crvstdloid. Post-
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SPECIAL SITUATION - '
ONS aperatively,  they  should™ receive adequute
Jehovah’s witnesses _ T.H't‘..ffgtfﬂiit In addition Lo OxXygen iand physiother-
apy o prevent alelectusts. For muore infor-
mation. see Chapter 1. :
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~ JIhe Royval College of Surgeons of Enghind hayve
produced a code of practice for the sureicu

l aanagement of  Jehovah's  Witnesses. This
'Hf:_?(nowiedges that the children of Jehovih's ’ | e S
Witnesses requiring blood transtusion present « | Bt
most difficult manugement problem.™ There are | Seedds
some mitigating fucrors. however, Either parent CONCLUST ON Rt
may sign & consent form permi twing a wansty- ' T%‘fl;
Mon. Must operations on children do  not * E;Z""f
equne or invelve blood transtusion, but i1 s Fluid management in pasdiatrics is an art us "f';
“Hﬂh!t_‘u.l to let a child die for want of a hlood  well as a science: cliniciuns nesd to monitor the ﬂj‘-‘*ﬁﬂ?:
;THHSFTJ:mm. The surgeon ‘;H"td andesthetst inust,  response 1o therapy and chunge the resimen ,1;?_;‘:
; ;;E;e;;iptz;ti}eﬁl‘}ztfi::ﬂu;f :hz !Eliénii}- ;ind Llp]:ll"t}pi-iil{t‘g}-'. T}]Es chapter cum:.f.iz?s guidelines '-;"1
Perative use of blood or b!amﬁi l;};rodustsl.jegj; ;l'iz;::}utg?:;;i:b{;i;};;jﬁi?uId-ild{mms{m“oﬂ out ‘=:
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Chyponatraemia

Pacdiatric Anacsthesin 1998 8: 14
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Postoperative hyponatraemic encephalopathy
following elective surgery in children '

ALLEN 1. ARIEFF un

Department of Medicine, Uniersity of Cdifornin school of Medivine.
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n the United States, there are an estimated: 15 000
deaths por vear as o consequende of postoperative
hyvponatracmia (T} (Figure 1) There have been o
of recent studies which have duescribed
postoperati o hvponatraemic encephalopathy with

death or permanent brain damage (2-6). From these

stucties, it appuars that brain damayge associated with
hvponatraemic encephalopathy
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Nathie & FEdwards {13) studied the effects of acute
hvpenatracmia ‘on the brain of puppivs. They found
that acute towering of plasma sodium from BRIV
P20 mmold  resulted in severe hy pumx:mm (arterial
POL el rom 11469 KPa (88 to 23 mmHgh and
cerebeal vedema. ne contrast to adults, the brains
of pacdiatric animals (three, dav old puppies and
neunatal rats) were unable to adapt to hvpo-osmotic
~tress by ostrusion of cation (13,16,

Adaptation ot the brain to hvpanatraomia occwrs
J 0 conseguience of the following sequence of evenes,
First, by ponatraemia Jeads 10 a moyvement of water
e brain ceils as @ result of asmetic forces. In
addition. vasopressin which s usually clevated |
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rats «led Such physical factors mav he important
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individoals age, there is o progressive dectine in the

vidume of brain, while skull size remains constant
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In nine published serics Jron oure laboratory compriang 847

mspitalized pativnts with pestoperative hvponateaemia, 9

(PS84 developed bvponasiemic eacepbalopathy and 17

developed permanent brain dastice ordaed Dhe manr pisk actors
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aenders have more room in the rigid skull for the
brain to expand than do vounger ones, This finding

is more marked in males (211
If adaptation of the brain i not adequate, pressure

-af the swolen brain on the. ricid skull leads to a

decrease in cerchratblood fion (22)and cercbrospinal
Huid production (23}, If the abilibe of the brain to
adapt is impaired, there will be mcrensing oedema,
with eventual tentorial herniation and secondary
cevebral ischaemia (24). Thiz often leads torespiratory
mauffu:mncx (4}, with reduced delivery of onveen to
brain because of the further decrease of cerebral
blood flow, thereby exacerbating the existing cercbral
ischaemia (22).

Sexsteroid and certain neuropeptide hormones may
influerice brain adaptation to hyponatraemia. Male
rabbits and cats are more efficient than females in
extruding sodium to decrease brain cell osmolality
during hvpnna traemja, resulting in significantly Jess
brain swelhng m male than in female hvpnnatraemlc

animals (16,25). Oestrogens have also been reported

to stimulate, and anquem to suppress, vasopressin

- —jelease (26,27). Virtually all hyponatraemic patients

l)

nave increased plasma levels of v asopressin (17,28), a

neuropeptide which may exert multiple potentially
deleterious cerebral effects. In normonatracmic

animals vasopressin results in water accumulation in

the brain (18], a siynificant decline in brain synthesis of

ATI'29), and a decline of brain pk(29,30), Vasopressin
abse impairs the function of several  importand
Aud s e pathways to hyppnatraenia (34,32

Recent studies have demonstrated that the brains of
prepubertal rals are unabke to adapl to hyponatracmio
The greater mortaliny "with hyponatracmia in

BN
v assovkded with o sreater

propubortal rats
Jociintibabion of water in the intracellufar < space uf the

brain than inrat< belonging o other age groups, as well

J-00 il Im of the a vpuhv: b brain loevbrode sodium

Fromy brain colls
contend in the prepubertd rats was greater by atmosi
AF than in control adult rats, o finding consistent with

Proviows studies in newborn dogs (15,330, _

Liscbemion ditorences i pacdiafric v adull

Bt terhi l:wr-';nmmw.”

There are several }-‘*ﬂ*ﬂiiﬁh' Feasons for the imcreased
i miracelluhar sodiun: in prepuherial rats, The
Na oK ATPase svxtem appears {o be the major carly

- adartive pathway for extrusivn of sodium from brain

1 L-I 1{‘:

cetl  during  hyponategemia (14.34)
pump

impairment residts i decreased  ability
sadium vut of the brain. In prepubertal rats, the brain
Na -K o ATPase activity s significantly fower than
that onserved in adults, both i oo (351 and i vige
(36). Coupled with the higher brain sodium, these
differences mav reflect a limited abilitv o pump
sodium out of the prepubertal brain. The increased
intracethular sodium content mayv be a consefjuence
of hmited corebral Na *-K+ ATPase function in voung
rats compared by adults, The decreased corebral Na -
K™ AfPase activity mav be responsible for  the
impatred adaptation to hyponatraemia in prepubertal
rats. Testosterone stimulates Na *-K - ATPase activity
in rat brain (3,,38). Pretreatment of prepubertal rats
with testosterone resulted in a significant decrease
in the brain intracelular content of both sodium and
water while also reducing the mortality associated

with acute hyponatraemia from 84" to zerp (16).

Clinical effects of hyponatracmia in
children vs adults

I one can extrapolate the above experimental
findings to paediatric patients, then the implications
waouid be that children are more susceptible to brain
damage from postoperative hyponatraemia than are
adults. The reasons include: a) decreased available

The baselme mtracelular sodium

©
©
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per dav-ot hyvpotonic 1V fluid in the presence of

POSTOPERATIVE HYPONATRAEMIC ENCEPHA LOPATHY

;
room for swelling of the paediatric brain in the rigid
skull, leading to a propensity for brain herniation
with, what miﬂht appear to be a small decrement
of plasma delLIm (39); b) impaired ability of the

paediatric brain to adapt to hvpamtraerma when .

—

compared with adults (15.37); ¢} severe svstemic
hynoxaemia secondary to respiratory Inburﬁciency
frequently occurs in children with only modest
(6,12,39}.  The  respiratory

hyponatraemia
consequence  of  increased

insufficiency is @
intracranial pressure (3).

Gomola ¢f af. have described a prepubértal (10
vears old) female child with middle face hyvpoplasia
who underwent elective maxillary reconstruction
(0). The surgerv went well and postoperatively,
she was given pnmmaiv free water intravenously

{280 mivl luwbe i 21 movl NaCl) at a rate of 21 per

) Th{i‘ child we:ﬂlmd kg with estimated total -

¢ water of 18 :Jl On the tirst postoperative day,
the child became confused and developed headache
and vomiting. Renal function was apparently normal
on the basis of normal plasma urea and crea hi‘llﬂt}
The plasma sodium was found o be 117 mmolt
She  was  initiallvy frdated  with sodium
supplementation, but on the second post-operative
day, the plasma sodium was stifl low at 120 mmold
The urine nnd plasma osmolalities were 342 and
255 mQsm-ky . An MRI of the brain was normal.
Fhe authors proposed three possible explanations
for the hyvponatraemia: 0 ditttional hvponatracmia
seccondary  to 1V hvpotonic Huids b)Y pituitary
insutticiency; ¢} inappropriate. secretion of ADH.
was ruled out by normal
thyroid hormone and
', which
the

Pituitary  insufficiepey
values for ACTH, cortisol,
growth hormone. The ADH was dto 3 pe-ml
e Cnormal’ but  inappropriately - high  For
)at_el!ular I*avpmﬂnu‘zlnhtv (41} and is essentially o
rsal finding in both paediatric and adult

postoperative patients i7—13), The child received 2

clevated plasma ADH. Although peither initial

plasma sodium, urine output or total volume of [V
Huids are provided, given the child’s weight and
rate of infusion, the plasma sodium of N7 mmol]
appears very likely to have been the consequonce of
retention of about 3 1 of [V h patonic fluid over two
days {6). The expression inappropriate secretion of
ADS (SIADH) was arivinaliv used for elevated
slasma ADH related to lung cancer (42) and has
yecome a catch all term for virtually any patient with

Hevated plasma ADH. In particular, postoperative
»atients as well as those with heart failure or hepatic

7 1998 Blackwell Science Lid, Pacdintric Atnesthesia, 8, 11
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cirthosis have elevated plasma ADH levels but are
functionally hypovolaemic as well (41). Postoperative
subjects are functionally hypovolaemic, so that the
werm SLADH may not be appropriate in this patient
(11). There is also a perception that ADH, and by
assdciation SIADH, can somehow lower the plasma
sodium. Although ADH leads to increased retention
of ingested or infused watcer,
increased water intake, ADH by itself will have no
erfect upon the plasma sodium. Thus, the most likely
ezplanation for the hyponatraemia in this patient is

infusion of hvpotonic tuid (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 rematned normal tor six months without
any steroid replacement therapy. Esactly why the
plasma sodium rose ollowing 1V hydrocortisone is
wncertain, but may have been related to the expected
decline of ADH values to normal atter four to five
postoperative davs, Pituitary insufficiency is ruled
out by normal values for ACTH, IGF1 and growth

hormone,
Symptomatic pustoperative hyponatraemia corries
a thortality of atleast 137 (43), particularly inchildren

and respiratory arrest is a frequent occurrence, but

once this complication occurs. the morbidity s

sutatanta 16,7) There is no obvious rationale For the

administration of hx'pntunic iluid to a postoperative
carient, univss the individual s hvpernatraemic (14,

i the pativat becomes symptomatic, therapy with

hvpertonic NaCl is indicated 139), The syndrome can
pe prevented by sdmindstrazion of primarily soetonic

ﬂuidﬁ to postoperative patients,
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Director: Cardiac Intensive Care Unit 1988 - 1993
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ral pacdiatric sUrgery and I am involved

week with cardiac and gene
ar are administered

[ have six operating lists each
all aspects of paediatric anaesthesia. Approximately 12,000 anaesthetics per ye

at Great Ormond Street Hospital for Children. The respiratory support service for the whole
hospital developed under my SUpervisior.

T am involved in the training of 40 new residents each year, plus at least 12 seconded residents.
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Barbican - ICU Update
Septernber 1991
Respiratory Support 1 Paediatrics
pOTLO
September 1991
. pulmonary hyp ertension
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: Respiratory support in paediatrics

-

1992 : Knights of Malta Lecturer, University of Bologna (Italy)
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Neonatal Anaesthesia and Perioperative Care. Hatch DJ and Sumner ;
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RAYCHEL FERGUSON, DECEASED

I am writing to advise-you that the inquest has now concluded. Once again I am most

grateful to you for all your help and assistance. Your report was mvaluabla and without it
I raally would have been at a loss
I am wntmg to the Chief Medical Officer of Northern Ireland, Dr Henrietta Campbell,

sugpesting that she draws the protocol to the attention of the Chief Medical Officers of
England and Wales, Scotland and the Repubhc of Ireland. Dr Fulton and Dr Nesbitt from

~ Altnagelvin Hospital expressed the view that the protocol was not prescriptive enough

and that it should in fact apply to all patients rather than just chuldren. It may be that the
Working Party will be re-convened to consider these: views. *

Once again Iy very sincere thanks. Also, T am sorry that we were not able to have dinner

on Wednesday evening. I know you appreciated the fact that as the inquest was ongoing

it might have been regarded as inappropriate for you and me to have dined together.
Hopefully, we will have another opportunity. |
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With my very best wishes.
Yours sincerely

o

J L LECKEY
HM CORONER FOR GREATER BELEFAST

RF - PSN] I
098-043e-180

".E-u!lu‘:"

g





