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My name 1s Edward Sumner and I am a consultant in Paediatric Anaesthesia with an
interest in Intensive Care.

[ was consultant at the Great Ormond Street Hospital 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 Paediatric Anaesthetists of Great

Britain and Ireland.

In the preparation of this report I have caretully perused all the medical and nursing

notes and statements presented to me, together with the reports of Dr Herron and Dr
Loughrey.

i‘

L I'understand that my overriding duty is 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 previously fit and well little girl with
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
Increasing severity at around 8 pm. She had eaten dinner at Spm 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 tenderness over Mcburney’s point. Her weight
was approximately 26kg. . -

Preoperative haematology and biochemistry was normal, notably the serum sodium
was normal at137mmol.] ' |

The urine analysis showed proteinuria++
Consent for surgery and for rectal analgesia was taken from Mrs F erguson in the

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, retrospective note states that only 200ml of this was actually
infused. '
Surgery finished after midnight on 8® June and postoperatively there seemed to be |
prolonged sedation from opioids, though she was awake in recovery by 0115. The IV

infusion was to be recommenced in the ward.
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The appendicectomy was routine. The pentoneum was clear and the appendix itself
was mildly congested with an intramural faecolith. There was no Meckel’s
diverticulum.

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%
salie 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 not sure what is 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 during 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 IV
diazepam after 15 minutes. Oxygen was given. Although she was unresponsive, the
other vital signs were normal and the blood sugar normal at 9.7mmol.l =" 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 0.59 mmol.l ~' These were repeated at 0430 when the serum sodium was

found to be 118, potassium 3 and CO, 15mmol.]

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 biochemical disorder and a cerebral lesion such as meningitis.

There 1s also an untimed note from the surgical registrar mentioning that Rachel was
unresponsive with fixed, dilated pupils that she was intubated 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
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 eventually 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 gyrn and
effacement of the sulci. There was bilateral uncal swelling and uncal necrosts, plus
evidence of diffuse hypoxic ischaemic necrosis due to perfusion failure. Their
conclusion was that Rachel died from cerebral oedema due to hyponatraemia.

I would like 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 1s 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 Antidiuretic 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 a little 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.

4. 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.] ' then a state of hyponatraemia will develop acutely.
The extent of the severe electrolyte losses seen in this case 1s reflected in the
very low level of serum magnesium.

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 1s 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 June, Rachel had become extremely
hyponatraemic, hypokalaemic and hypomagnesaemic. Hyponatraemia is
usually defined as a serum sodium of less than 128mmol.1 ~' so the levels
found 1n Rachel were very low indeed and the changes from the normal values
found preoperatively had occurred very quickly.

7. The brain 1s 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 a rigid
structure,as the brain swells, the intracranial pressure does not rise at once
because 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 1nto 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. Brain death

- follows 1f steps to reduce the cerebral 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.
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Editorial

Postoperative hyponatraemic encephalopathy
following elective surgery in children
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Clinical cffects of hyponatracmia in
children vs aduldts

[f one can extrapolate the above experimental
hindings to paediatric patients, then the implications
would be that children are more susceptible to brain
damage from postoperative nvponatraemia than are
adults. The reasons include: a) decreased available
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TOTAL BODY WATER AND FLUHD
BALANCE

Total body water varies with d aecgree of ‘.ldtpmtl\
(ot muscie Werehit s water vs 10 g of fan)
Biscuxe state and age. Ninetv-four PET cent of
he body wetaht of o 12-week tetus iy W uu A1
this falls to 80", by 32 weeks™ wsesta f-{fun and
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Body water s conventonally divided into
three compartments: intruceliular, extracellulat
nd trunwslluiur. In adults 60% - of water s
traciiuiar, 107, sransecilutar and 0%, exir-
coflurar,  of  waich T3, IS inravaseuisis
Although it iy well recoenized that  diseise
states may atfect e disirtbution of wiater in
Lhe hody . il s essowelh knowen that age wiil also
suluence . Extracetlular water dcm. Asey trom
AITAEAETIIN ') week fetus 1o 439, a1 term u d s
A4 further 3¢, in the nrst 3 d: V'S of ll!t. Adult
levels are reached by the end of [hc second veur

ol hife. )

THE STARLINC EQUATION

The extracellulur compartment is further suh-
divided o the interstiual and intcavascular
spaces. with the lllln..h{l[ill spuace bemny thlu.
and a nall tmes lacser than the ineras aseuicir. -
Fluid tlux between '.h-: iwo was Arst deserived
hy Sm'iin” who noted that the rute of Juid
-fmou:“ Sl RO or ot of ._..lpul..ux was refated
Ao the net h\dnuum pressure minus the ner
‘osmotie pressure.” The Starling equauon:?

J. =

where J.

Kiet Pe = P) = delme — 1))

rate of Huid movement into-out of
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capillarv: KA. capillary Altration coefficient:
P. = caplary hvdrostutic pressure: £, = tissue
Aluild  hyvdrostatic pressure; A0 = reflection
coethcient: . = cuptltary colloid  osmatic
pressurel = = ussue colloid osmotic pressure.
has been f{urther modified” 1o INCOTPOiiLe

coetficients which tepresent the permeuabiliy of-

the capillury membrane 1o smuall solutes (A
and the reflection coefficient which descithas the

membrane’s abilinn (o prevent large molecules

such as plasma proteins from crossing i the
Starling coefficient (sci. ¥ If sc js | then u fAuic
can reahze its full osmotje pressure: if sc for ;
membriag is 0 then fluids will pass freely across
1 and no  pressure will be  exerted. The

CoRiNiviznis vary begween dlersnt oreans of

the body and are aliered by disease. Burns,
SEPSIs and cardiopulmonary by PUSS N particus-
lur. reduce sc. resiiting i capilluries whick gre
INCredsingy deaky”. This has (wo cliccis: i
allows walter 1o jeuk aut causing ussue acdems
and 1t aliows osmoucally  actyve parucles 1o

S escape mtoe the interstiiy] space. I sc then

INcreases again. these particles will remuin in the
mtersinial spuce. INCIEasing its osmotic prassure
and altering the balunce of the Starling equation
unul they cuan be removed by the lvmphatic
svstem. -

Most of the compaonents of the Strling
€quauon can be measured only with difficulty
In the luboratory bui the intravascular osmotic
pressure and the capillary hvdrostatje pressure
can be meuasured Cliniculiy Guyton ¢r ol
describe certain “oedem: protection fuctors”
such as increased IVmiphatic low. which pravent
the accumulation of oedemy until the capillury
hvdrostatic pressure has increy sed by more than
1> mmHg.” This is supported clinically by the

- observation that in the absence of pulmonary

capillary dumage. the lefi atrig) pressure (equiy-
lent to hvdrostatic pressure) must be increused
to 15-20 mmHge before pulmonary oedema is

T

balance of adults and infants is the relativelv
large water turnover ip the infant. The water
contained within the extracellular space of a
70 kg man is abour 14| Just under 3 | dav™'is
lost in urine. faeces. sweat and during respir-
ation (20%). In a 7 kg infant. the extracellular
Space contains about 1.6 | and obligatory losses

are around 0.7 ] da}'"' (44%).- Any relatively

small increase in Josses will therefore have
much greater effect on a smull child and this
explinns why diarrhocy remuins sueh an im-
Portant cause of mfant mortality world-wide.

-—
MAINTENANCE
CRYSTALLOID -

REQUIREMENT

MAINTENANCE \WATER REQUIRENENTS

Although there are numerous  formuylae [or
GHCEAUAY maintenanee fuid requiremaents, it
I amporiant e siress that these il
cimdehmes onin. Thes way be used as o staring
point bui the individual chijd's FesSPONse to the
Huid given musi be monitored and APpropriat
adjestments made o the reLimen. -

The formulie available for caleulaune Auid
requirement have as their buasis body surfiuce
arca (BSA L culorie requirement and the weighi
of the child. | |

Body surface area

\arious nomograms are published which calcu-

lute BSA from heisht and waight. In older
children the calculation of BSA i« relativeiy casy
and aceurite because 11 s possible 1o obtain an
accurate height. Mceasurements of the length of

d neonate or small infant are not as reliable and
errors of up to 20" in BSA are well recognized

in bubies Jess thun 3 ke.” Because the h21ght
length measurement is inaccurate. MOSL centres
Now use a formula based on weight alone 1o
calculute fiuid requirement and the yse of BSA
hus fallen from favour. '

Calorie requirements

The metabolism of | calorie requires | ml of
waler because. although 0.2 mi of water s

produced. a further 1.2 ml is consumed. There- -

fore. 100 calories will require 100 m! of water
for metabolism and knowing the calorie require-
ment of a child will also reveal the water
requirement.'! In 1911 Howland culculated the
calorie requirement of an infant from 3-10 kg

- I.
lllllllll
-------
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. 20 cal Ka

'ﬂ-.u-b‘"h . .

R LIIL

slower arowth ruate.

aRreasing by
Yoy lerm neonate and 1850 ml o I\ﬂ'

m—

to be 100 cal ke~ . with oldr:r thldren neﬂdmu
753 and adults 35 cal ko™

growth.'= In infants ot less than 10 kg body
wereht., 30 cal | g Wil be needed ior basy]
metabolic requirements and the rest for growh.
Children of less thun 20 Kg bodyv weivht npead

1000 ..IIDIIC::. tor the first 1) ke but onlv
3 cal kg™ for the next 10 Kg  because of

and larger children ._md
adults need only three tumes the cualories of
neoe {l‘*ﬂU calories *or the nrst 20 kg und
' there: ltlcl ).

Normal maintenance fluid

l"requirements calculated by Weidht

Wh ever mechanmism s used to caleul:ite Hutd

nrements. it must be simple and toolproof
DeCU Une sl nuscaleuintions  cun result in
stEnificant errors in fuids administered: Tt has
dlready been said  that 100 calories requires
10O Ml of water. .( =3 Ke child. theretore.
requires 1O ml ke ' tor the fira 10 K
(1000 mb. 30 mi ke ' for the nev 0O X
(00 mb and 20 ml K o therealter (1o .11!:
Making a total ol 1600 4| per dey or 60 ml 4

Titis t...il'l he HII'H["HII ol Dy ;lh*ﬁl.!l'l”!lnj._! that lltLI'i:

nedds
(<0 mi.

O han a day. The child then
+ml ke “h Y tor the Ars o Kt
2mb kg TR ofor the next 1) Ke 1 20mb and
l ml ke 'y tiu.u..tllu (> mli. giving  un
nourty ot of o3 mb which can he Computed
at the bedside without a calculator,
Neandtes  have  wreater Huid
than mtuanes. As a venerul rule.
wits allow a0 ml ke ™' qor
MY ml k;:_:'i d;l}""

requiremen(s
MOost neonatil
the  frst d.;l\‘
L0 l‘\l) m| l\*f |
d..n “or
A preterm. This requirement will be ..I“LL[L.L'] by

Table 8.1  Normal maintenance fluid recuirements
- Weight ikg) Maintenance {luid
requirement
(Ccumulative values;
iml k™! dav™)
< i) | ()
11-20 50
> 20 20)

. ’ Dl "o h— - L} I' : ' )
M Tk _-'-,__.- IR, Iﬂ o Al A e W g

—_—

| - The extri LleI‘IdS'
~metabolized by the vounger children hé attrib-
- tited 10 gropomom!lv larger surface. area and

Maintenance crystalloid requirements 233

0S5 compured with incubators), bv whether the
Dby is  ventilated (when there will be a

humidifier in the circuit) and by the general :

state of the peonate. A premature babv with a
patent ductus arteriosus mav close the duct in
response 1o duid restriction and this mav avoid
the nead for more aguressive manavement.

Dextrose requirements

In the UK. intravenous dextrose infusions :re
usually supplied as 4°% 10% and 20v,
strengths. In addition. 309, dextrose is available
lor  munagement  of hypeglveaemia.  Mosi
intants and children require 4% or 3% dextrose.
A recent  study from Germanv, however,
siggests that when these
peroperatively. children mav become hyvperaly-
cue: 'l]lL with dextrose concentrations as low s
=.2"% although these were adminisiered 1t arge
olunm cquivitient to 200 ml ke~ dav!}
Neondtes have C poar "I"sLOUCH stores and ILLI”I <
higher glucose intustons to maintain iheir blood
glicose levels. The majority of neonates. there-
fare. are traditon: .Ih TG 1”Ld thl'l‘-"’ IMUsians
ot 1"s dextrose which can be agiven through

cripherad cannula. Sick neonurtes on the inren-
NLOSUre unit. perncalaiiy n srasencs o
sepsiso may require higher intusions than this,
S Ui patents may also need dwd restricton
and TR "i-."[ URCcOImmaon tor simall wc.pl:L habies
lo nezd 20, LU STONS ot dl..\[!ﬂhg.. A neonaie
Who cannot be ed enterally for more than 4
couple of davs will require puarenteral N\ per-
nlnmnt..uu.m rather thun sumple dextrose saline
soletions. Hypereiveuemia can deveiop i re-
spaise o stress. Both hypoglveaenua  and
hyvpergheaemia can occur and  blood NHIRTY
levels should be recularly monitored.

Fl}l
2.

I.l'lf.

Electrolyte requirements

(e redirements vary with prematuriy,

E|CL‘II’OI‘
IUH‘\LH ANd dl‘\t.. IS st ThL.t.:‘ s S0iNe Jde e

A8 Lo wiether u neonate aecds sodium on (e
Orst dan of e, Some units use
sollion  without  added clectrolvies.
Others add sodium. potassium and calcium,
particularly  for premature infants. Preterm
breast multk contains higher concentrations of
sodium. calctum and phosphorus for the first 2-
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236 Fluid balance: all aspects — —

& weeks of lactauon. and me2ts the Preler
infant’s increased requirements fur these el-
ements, Preterm formulae with similar electro-
IVte compositon are alse availuble. As aide
for prescribine. most  children require  Z-

ﬁ_

™

3mmol ke™' of sodium and 2 mmol ke ol
potassium. This means that a 10 ke infant who
heads 1000 ml of fluid per duv will also need
around 30-mmol of sodium. In the UK. fluids
are uvatlubie as dextrose (4'. or 10%.) and

LSy saline (e, containing 30 mmal 17"y, For

MOost patients. a ready-made bag of fluid will
provide their electralvie necds. In some
instances. additional sodium will he requtred.
This can be added to a stundardg bug using g
Strong sadium (30%: 3000 mmoi 17" solution,
or Normal salme (0.9%6: 130 mmoi 1Y) ar hals
Normal sadine (0.43%: 73 mmo! 1) can be
used 1n s place.

The amount of sodivm adminisiored 1o
BTOnDGIs N the  Immediale postonerative
perivd nzeds 10 be monitored. Krummel o af

studied” 20 surgical newborns and found that

hypernatraemia-occurred in 64°. of term ba bies
and 67% af preterms. In al! cases this appeared
to b due predominantly 10 an adminisiered
sadium Joad of more than 400 of the
extmated maintenance requircments. This wits
compounded by a slichtly reduced abtiiny 1o
excrete sodium and a short period of AANE
operative sodium retention.'”

SPECIAL REQUIREMENTS

Gastrointestinal losses

Gastrointestinal surgery i« relutivehh common in
smull“infants. Tlzus mav also occur in o sick

cniid: therefore. gastrointestinal losses are of

importance. Nuasogastric aspirates should be
replaced  volume for volume with normul
saime containing 10 mmol potassium chloride
per 500 ml. This sodium load allows the
pauent’s kidnevs to correct the hvdrogen deficit
incurred by the loss of gastric secretions. Stoma
losses may also need to be repluaced. High

stomas 1n particular mav be associated with

significant sodium losses leadin g to as much a 6-
fold increase in sodium requirements. losses of
more than 40 ml kg™' day™' are hkelv to
require parenteral replacement using the same
solution of normal saline with 10 mmo! po1ass-

-must be given sufficient sodium and potassium

am per 300 ml Uscallys 0.3 ml s replaced for 7 il
svery | miJosi but. depending on the volume of | ity
losses and the site of the stoma. anvithing from
one-third 1o three-quarter replucement may be i
required. Children who have ileus. either from i
custromtesnnal surgery and patholosy or sec- SE At
ondary 1o another cuuse. can secrete large ﬂ;
amounts ol fluid within the gut and peritoneal ="
cavity . Bubes with abdominal distension due to )
Hirschsprung's disease (colonic aganglionosis) -~
may be mmtravasculariy ‘depleted in the presence
of steady weight or even weight gain and such
patients may need intravascular volume repla- {;‘W
cement despite normal indices: .

Pyloric stenosis ah

Hypertrophic pyloric stenosis Is o conumoen i s
condiuon wiih anoinoadency of about | 2o, if
Al babies with dns condion vomit and will *:31
require preoperauve mitvenous fluids, Abaut e
M of putients wili have o significant derange- -
ment o their electrolyies and acid: base status
as o aoresult of vonuung, The most  useful
ciectrolyic 1or gauge the seriousness of the o
mctabohe upset is chlonde. which can be used
Lo caictliie e chionde deficn and this must L
often be specifically requested as it is no longer L
performed routinely v most hospitals. While ;
the serum chloride renuins low. the infant will
be alkalotic.'” The vomiting of HCL together
with the Kidnev's attemnts 1o conserve sodium. JEen
results i a metabolic alkalosis and a depletion
of totul body potassium. Because potassium is
an mtracellular ton. the serum potassium is
POOr guide 1o potassium reguirements and will

usuully be within the normul ranee. AN

To correct the metabolic alkalosis. the infant

so that the Kidnavs can conserve hvdrogen ions
und correct the acid: base status. Chloride is
Wlso @iven as the anion to both sedium und
potassium. Most bubies with mild derangement
(sodium bicarbonate < 33 mmal) will be
corrected within 24 h using a solution of 3%
dextrose plus 0.43% saline with 15 mmol of
potassium chloride per 500 ml bag at 150- S
180 ml kg™' dav™'. In extreme cases. normal
saline  (or 4.53% albumin which contains
130 mmal NaCl 17") mav be required and 2- R
2 davs of parenteral fluids mav be needed
preoperatively. It is also important to remember G
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that anv  eastric distension results 1n more 24 halter sureerv. ' Fluid management of these f
- QASLIIC juices being secreted and lo:ﬂ A- wide- children m»olweb strict crvstalloid restrictions
bore nasogastric [ube should be left on free (30 ml ke™' dav™' for the frst 24 h) and colloid 2
drainage with regular aspiranons  and anv boluses to  muaintain normovolaemia. Close
nasogastric {osses should be replaced millilitre monitoring ot urine output and serum and £
tor millilitre with normal saline with added urine vosmolarity will help in the management. L
potassium (10 mmol in 300 ml). | | 5
SO
Phototherapy e
Posterior urethral valves . ’ e
Neonatil “physiological” jaundice is relatively T e Yy
Posterior urethral valves cuause congenit common and s worsened by dehvdration. Some ko
obstruction of the mule posterior urethra and neonates with a rising unconjugated hvperbili- g p
affected intunts mav also have o degree of ren:l rubiniemia can be managed simply by liberal-
duplmn \oxmd,.n:) the condition IS NCreus- izing their Huwids, This Mayv need to be via a 5 z-
ingly  diagnosed antenatallv. and most other lasogastric tube or parenterallv as the jaundice \
children present within the Arst month of lite. ends (0 muke the baby sleepy and theratore less G ;
Tae mitial management of a neonute with valves  able 1o feed. which compounds the problem. [f b ;
1S to catheterize the patient and then confirm the plum:rllh.,l..tpw 1S req uired. environmental water ;‘ '
diagnosis by cvstoeram  and oy ,..x:,mampx loss 1S im_ia..."u.J sizmacandy und an exira 23 e E
Surgery consists of vulve ablation via (hY  m] ke ™" day ™" should be added o the fuids 1o . T |
Cyrroseope. A osignificant number  of  these compensite. g
¢ ren will have renal impairment which may B
be long-term. and almost all have 2 dltumh in G
I‘t‘:ﬁp()ﬂbt. to catheterization and IL,Igf | thc Eﬁ:eCtS of Surgery . . .*-r:i,
ohﬂlelctim1._ Lrine output must be .L.llJbCil}' In 196aN Rowd ~howed inaduit patients shat Suid :
monitored n - these patients —und thewr Auid . cCimulution oceurred i the euarly postopera- |
intake will be bused on therr creatinme und thve phase and that this occurred entirely within o "
their output. AMostoot these babies are well the extravascular space. There was no change in |
cnough o receive oral feeds but wiil tso require e intravasealar velume even when L.l' e ﬁmd TR B
parenteral suppiementary uids "o Kewp un with MCreneoy aere senn ruimnascuiarh Ll Seven | ~E: L
arinary losses. This diure:ic Puse cun ._M or vears carhier. Shires or wr. had studied l‘lmd ¥
bﬂ“*—‘-” -+ h and a couple of weeks, SRty Dl peraperaineiy and aoted an acute con-
emphasizing that strict criteria “annot be ..nd raction of Uie function 2l extraceHular Huid A
dewn for aeonutal Auid infusions RN wWhich, e the absence o biood loss. they T
‘ ' prosumad (o he Jdue o mternal redistribution. ¥ :
Congenital diaphraamatic hernféﬁ . TE]L:‘_‘-« noted {h;lt. the mugnitude of the ir’{lernul_ ,,,.
| redistnibution was reluted o the degree of s
The fluid handling of a neonute with LL‘H]"LIHLII Csuraical rauma and parucalarly to the duration f-oe
diaphragmatic herniz merits spectal mention. and degree of retraction. Theyv concluded that T
There..lppelnto be only a nurrow path between this - was a major sumulus w the ﬂuid and et
( povolaemin and Huid  overtoad. either of sSadium retengon seen postoperativelv. '™ Cer-
W nayv have L_.u..mmphn. etiects resulting Lanly . arter magor abdominal surgerv there is H
I a4 worsening spiral of acidosis and hvpoxil. il the serum sodium and evidence of Huid -:_*
Rowe ¢ ul. siudied the urine output und retenton  with pertorbital and  dependent HM .
osmolarity of both urine und serum in 22 ocdemi. which cun be reduced by restricting 1‘1 S
infants with diaphragmace herniavs 12 control. Buids for the frst 2448 | tollowing surgery. - fosns
Infants undergomy laparotomy or some other Followmg  minor  procedures  putients  are o
reason. Thev Iound that athougiy all controls Alowed thewr full mameenance Huids. but alter
responded appropriately. 64%4 of the diaphr: NE any o major sureery therr mmtake is reduced o -f
manc  herniy roup mnappropriately  retained U0 0l requirements tor the Arst postoperaiive ?
Quid in the first 16 h atter surgery and one- day. and of addigonal duid is required it may be T
third sull had an INAPPropricile urine output betier to be given as colloid. ;




- Sepsis hiemutocrit s useful eyjde 10 the pLISInd
dencit. blood js Usuiliv besy adminisieresd during =+
Hyponatraemiy I SePsis s Well recoenized and the Jast 12 b of Muid resuscitayon -4 R
18 dssoctated with g4 WOrse prognosis Hannon |

E and Bosion looked 4 fAuid und jon redistribu-

| Uon In un anim ‘ '

sepsis und foung  CInical assessment of dehydration

Pared with sham

i = I H
fou conrols.” They |

loss ot
. _ APProxmateiy 2¢. of (ogal body water thei =
nd 1o be exacerbuled by infusing it of the periphery) circulition s the most i
M dextrose compaured wij normal sadine wigh SCnsitive epide (o MOre serious Jevels of clinicy)
Huid shifis occurning when (he volume infused ;
was less than the estumated fuid

dehvdration in children. Core-periphery) lem-
perature difference becomes c!inia:;ll'l}' dcw-:l;.tblf--"- L
ANd mucous mMembranes div gy around 3, |
SHERIRT body waier, With 1o

I?L'I'i;‘ilL‘l'iL‘h dIe coid

requirement.
hyponatraemi; and
Were caused by g
mtraceHulay shift of
€ diiution of

They suggested th:
Plasma  hvpo-osma
combinition of
and water., ynd
snage,

1 the Osy™ 00
lulity o dehydration the %
and capillan refill

sodiane

NOT- o e
e extruceliviur

maliy complete within 2 o ;. delaved. Pulse and
Prababdh cuused DA physiofegica! an r.-.:sm':';imr} Fies incredse. CONSCIOUSNESS miny be
diurstic hormone (ADH) secretion. Their con- cioudad, and in L neonite the lontanclic s |
Clusion wus thyt 1 the presence Of sepsis, 4v, sunken.  Blood pressure may - (yit tthopa)
dextrose — (1 Jue, sadium chloride . - DUCST A (e 1noreased Curdige CUIPUT Cused
pPronriage, ARHU TR GINECTOUS dnd stiovtid b by 1he Lucny cardiz LIS 1S ot g oo Flv or rejiable i"*z"‘
dvoided. | signi. Urine CUPUL IS decreased. Al |39,
' debydraton capiiury refill ma v obe ncomplete
Burns (see also Chapter 15) “Yen atter 100 s the mouth |

parched and the i
apid and thready
The Chlld Is Slupurnge .

Stenificant burps Ciuse |
burns patienis require |
Fesusentation. In addie

crvesure sunken. Tiye pulse is r

aree Huid losses and and biood” pressyre low

drge volumes of fiyjd

and oiteuric. and My show sions of FeSPIatOrY
100 (O normas Mutniens- dINiress. Losses il_‘i CXTCSy Of 20v, Ny be lital,
4nTe Huids. such pauents need FesuUsCIation |
fluid administered a5 Normal salipe. Ringe;'s
solution or Gelofusine™ o

sIVen over at least (he
first 36 h after Injuryv. Th

¢ 36 h are divided INto \
SIX periods: three of 4 WO ol 6 h und gpe of COLLO/DS
12 h. The ming siars

_ from (he moment of \\
Iury so that (he first infusion i« nevitab

I\
delaved. Dyri hg ench

Pcl'iud the child needs 4 THE CRYSTALLOID \VERSUIS COLLOID
S average of 0.3 mj & ¢ " per Yy burn The precise DEBATFE
“ volume given ¢ adjusied On the basis of Urine |
outpul. urine

and plasm; OSMO]
dnd the cialcuiated plasma defic
Calculated from the lormuly:

alily. perfusion = The SUpErior
. This can be  volume repla

1y of colloid over crystallod for e
Whilst crvsiy

. ) 21an R
CEMent remains coni roversial
lloids are oener

ay mare popular
in the US4 collaids
Plasma deficjt — blood volume

dre preierred in Europe.”?
The debyre centres on which fluid Spuce needs
replenishing und the Importance or otherwise of
colloid osmotjc pressure.

Colloids Ihe(:srelicall}' renain
muravascular Space,

— (blood volume

within - the
therefore €Xpunding the
more efhcientlv. produ-

r I cardiac output for g
Sul . ovuctuon and the  gpgjjer volume of fluid The proponents of
usuaj bl_ood réquirement js of 1% of normaj cryvsialloid argue that the whole extracellular
| blood volume per 1% burn for deep burns of fluid space s reduced in hypovolaemiy because

e __ more than ]0¢; surface arey Because the of fluid

movement {rom

the interstitja] compart-

068a-048-333
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Undersone g clrculating volume transtusion of
red cells. In bubies ynd infants, g ransfusion
of 3—10 m] ke ™" s usuadly  sufficient. whilst
unit transfusions  are Appropridte in  glder
puatients.

FRESH-FROZEN PLASA 1A AND
CRYOPRECIPITATE

EFP contiins | unit of tactor activipy per
mulhlilicre of plasma. A decision 0 use FFP o
cryvoprecipitate should be bysed on a combi-
navion ot clinical and laboratory hndings. Aj
INT of less thun 1.4 or 4 partial thromboplastin
time  of less than 60 Sosounlikely 1o cquse
stenificant bleeding problems and COrrectOn Ix
NOt required. Laboratory values greater than
these levels or stgnificant bleeding w i) ey Ui
correction. An empiric dose of 10 ml ke ! i
wlly adequate or the dose can be calculated
o bady welaly, plasmu vojume nd desired
mnerement of clotting factors, -~
Cryoprecipitate is o poor source of fuctors [
VoOIND XL X and  XJII but contuns factors
VI : C.VIIVWE. X111 hbrinogen and Rbro-
necun. Indications tor is use mclude hyenyo-
Philia: A von Willebrand disease, nbrinoven
Jdeficieney, muassive lransiuston  gnd Uricmig
plateier dvstunciion. Iis davantage over FEP i«

that 1t s concentrated  and  one bayg (o
L3200 D is the dose per 1 Keg body wWerohe

SPECIAL SITUA TIONS
Jehovah’s witnesses

~Produced a code of pracuce tor the SUFCIC|
ﬁ;andgemcu of  Jehoval's  Witnesses, Tius
4 Owledges that the children of Jehovyiy«
Witnesses requiring blood transiusion present
Most ditheult manavemeny probiem.™ There ;e
S0me mi{ig:,uin_._: tlwmrs. howc\'c:r- Either parent
May sign a consent torm permittiing a transtu-
SIon. N oyt operavons on chiidren do not
reguIre or involve blood transiusion. puyy TR
Uncthical 1o ler a child die for want of 4 hiood
'truns?t'usiun. The surgeon and anacesthetist iMust.
however. respect the beliefs of the fanulv and
Should m; ke cvery etfort to avoid the perio-
PErilve use of blood or blood products. For

The Roval College of Surgeons of Enviand have

i i:'_:
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children under |3 yedrs of age who require or
May require a transfusion but whose parents
refuse to give consent. legal advice should be
sought. Such children wil] normally be made 3

Sickle cell disezse

Traditionally, patients with sickle cell disease

have been routinely transtused before elective -

urgery. There has. however. been ittle con-
WARUS As 1o whether simple correction of the
tnaenua s suthicient or whether the level of HbS
should be reduced 1o less thun 30, Vichinsky
clal. compared a conservative regimen (trans-
lusing o 4 haemoglobin level of around
102 dI™) with an ageressive recimen (haema-
clobim of around {0 » J)—! and an HBLS jevel or
less than 30, Thev tound the conservatve
feLten o be as effective in préventny perio-
perative complications and this group had half
IS UNY transtuston-associred complications.”™
Stmilariy, immediately preoperative trunslfusion
(O hil‘:nlLIlHCFiI St More than 6%, Wiy s
SAcCious as two- o lyme SNCHUNZeS Desinning
- weeks prior 1o Surgery. with dess disruption
o the familv™ Patients with HbSS djscisa
ould  receive  transtusions L0 correct  their
anacana. They should  he gnen  adequite
Deroperatie hvdration with crystatliond. Post-
aperiatvely. they  should reeeive  adequate
anadgesia in addition to OXVeen and physiother-
Py Lo prevent atelectasis. For more mntor-
mation. sce Chapter |, ]

W
¥

—_—
CONCLUSION

-
Fluid management in PUEIQLNICS IS an art s
welb as asciencee: elinicians need 1o monitor the
Fesponse 1o therapy and change the rewimen
Appropriately. Thys chapter conwzins suidelines
and suggestions for safe Auid administration but
cannot replace clinical experience.
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