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My name 1s Edward Sumner and I am a consultant in Paediatric Anaesthesia with an
interest in Intensive Care. -. '
I 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 carefully perused all the medical and nursing
notes and statements presented to me, together with the reports of Dr Herron and Dr

Loughrey.

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 Ferguson 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.

T'he 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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Ihe appendicectomy was routine. The peritoneum 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%
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™ J une) 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 1no nasogastric tube at that stage.

On 9'th June 2001 at 0315 Dr Johnson was balled 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.1 ™

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

I would like to make the folldwing 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 1s 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
tluid 1n the extravascular space and that some degree of fluid restriction 1S

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

5. There 1s 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" 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
tound 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 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. Brain death

- follows 1f steps to reduce the cerebral swelling are not taken immediately as

the 1ntracranial 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

ALLEN I. ARIEFF .

Llepartmeant of Medicine, L crsily ot Calvoria Schoeol of Medicing.
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VTN
was mmesbcated i the outcon

cenders have more room i the rigid skull for the
brain to expand than do vounger ones, This finding
is more marked in males (211

It acdaptation of the brain is not adequate, pressure

~the swollen brain on the rigid skull leads to 2
aecrease 1 coreoral blooa fiov {22V and cerebrospinal
fluid production (23). If the abilitv of the brain to
adapt 1s impaired, there will be INCreasing oedema,
with eventual tentorial herniation and secondary
cerebral ischaemia (24). This often leads to respiratory
insufficiency (4), with reduced delivery of onyvgen to
decrease of cerebral

brain becausc of the further
blood flow, thereby exacerbating the existing cerebral
1Ischaemia (22). |

Sexsteroid and certain neuropeptide harmones mav
intluence brain adaptation to hvponatraemia. Male
rabbits and cats are more efficient than females in
extruding sodium to decrease brain cell osmolality
cduring htfponatraemla resulting in significantly less
brain sweﬂmﬂ In male than in Iemale hvponatraemlc
animals (1 6,23) Oestrogens have also been reported
to stimulate, and androrrenc to suppress, vasopressin
release (26,27). Vlrmalh all hyponatraemic patients
have increased plasma levels of v aqopreqsm (17,28), a
neuropeptide which may exert multiple potentially
deleterious cerebral effects. In normonatraemic
animals vasopressin results in water accumulation in

the bram (18), a steniticant decline in brain synthesis of

Vasopressin
important

A2 and adechineotbrain ph(29,30).

tunichion  ob several
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Necent studies have demonstrated that the brains of

prepuaertar rats are unabie to adapt to hvponatraemia
CECAECT morialin wath h}'pmmtrm'n'}ia i
proevubertal rats s with 0
accumulation orwater in the intraceliular space of the

(v The
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bram than in rats belonane o other age croups, as well
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frony brain colis, The baselinge
content m e prepubertal rals was areater by almost
HNJdinge consisient with

A than m o control adult rate
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There are several possibic reasons for the mmcreased
rear antracelluior sodian s prepuborial rats, The
Na-h ATPase svstem appears to be the magor carly
SICRISIIANE Pathu oy tor exiresion of sodium rrom hmm
colis during - hvponatraemia (1954 and it
mpairment results iy decreased ﬁhilit}.* to pump
sodiuny out of the brains In prepubertal rats, the bram
Na -K AT Pase activity s signiticant!yv fower than
that onserved i adults, both 0 viire (33 and 1 oivo
(5ol Coupled with the higher brain sodium, these
differences mav' retlect o limited ability pUMP
sodium out of the prepubertal brain. The increased
mtraceliuiar sodium content mayv be a consequence
of-hmuted corerral Na -K - ATase function in voung
rats compared to adults. The decreased cerebral Na -
Ko ATTPase activity mav be responsible for the
impaired adaptation to hvponatracmia in prepubertal
rats. Testosterone stimulates Na -K o ATDPase activity
in rat bramn (537,38). Pretreatment of prepubcertal rats
with testosterone resulted in a signiticant decrease
in the brain intracellular content of both sodium and
water while also reducing the mortality associated

with acute hvponatraemia from 840 to zero (16).

Clinical effects of hyponatracnia in
cliuldren vs adults

It one can extrapolate the above experimental
findings to paediatric patients, then the implications
would be that children are more susceptible to brain
damage from postoperative hvyponatraemia than are
adults. The reasons include: a) decreased available
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POSTOPERATIVE HYPONATRAEMIC ENCEPHALOPATHY

room for swelling ot the paediatric brain in the rigid
skull, leading to a propensitv for brain hemzatmn
with what mwht appear to be a small decrement
of plasma sodium (39); b) impaired ability of the
paediatric brain to adapt to h},rponatraemla when
compared with adults (15.37); ¢) severe svstemic
hypoxaemia secondarv to respiratory iInsutficlency
_frequently occurs in children with only modest
hyponatraemia  (6,13,39). The
insutficiency  is  a  consequence  of
intracranial pressure (3).

Gomola ¢f al. have described a prepubertal (10
vears old) female child with middle face hvpoplasia
who underwent elective n1.:1>ullarv reconstruction
(40). The surgerv went well and postoperatively,
she was given primarily free water intray enouc?.lv
(280 mM U‘lLlLObt‘ In 31 mM NaCl) at a rate of 21 per
di  The child weighed 30 ke with estimated total
bo-" water of 18.5 1. On the first postoperative dav,
he eriild became confused and dev eloped headache
and vomiting. Renal runction was apparently normal
on the basis of normal plasma urea-and creatinine.
Ihe plasma sodium was found to be 117 mmol-l
She was  initiallvy fréated with  sodium
upplementation, but on the second post-operative
Tav, the plasma sodiumowas stll low at 120 mmol-|
|'he Urine am‘l olasma osmolalities were 342 and
55 mQOsm- Ky

respiratory
Increased

An AR] of the brain was normal.

"he authors proposed three possible explanations

r Hhe hy

ponatracnia: a) ditutional hyponatraemia
uwhd..n\ to IV hyvpotonic fluid: b)Y picuitary
wsutticiency: ¢ inappropriate secretion of ADH.
ituitary insufticiency was ruled out by normal
alues for ACTH, cortisol, thvroid hormone and
rowth hormone. The ADH was4to Ipoml 7, which
- ormal” but  inappropriately hich for  the
o.acellular hvpoosmolality (41) and is cssentially o
nv b Anding in both  paediatric  and ..n:iult‘
astoperative patients iv=13). The child received 21
2r day of hypotonic IV fluid in the presence of
evated plasma ADH. Aithough neither initial
asma sodium, urine output or total volume of TV
1das are provided, given the child's welght and
te of infusion, the plasma sodium of 117 mmael]
pears very likely to have been the consequence of
tention of about 31 of IV hy potonic fTuid over two
vs (6). The expression inapvropriate secretion of
DS (SIADH) was aorgmaiy used tor elevated

isma ADH related to lung cancer (42) and has

come a catch all term tor virtually any patient with

vated plasma ADH. In partlaular postoperative

flents as well as those with heart failure or hepa tic

998 Blackwell Science Litd. Pacdiatric Anaesthesin, 8§, [—4

cirrhosis have elevated plasma ADH levels but are
functionally hypovolaemic as well (41). Postoperative

subjects are functionally hypovolaemic, so that the
term SLADPH may not be appropriate in this patient
(11). There is also a perception that ADH, 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

eftect upon the plasma sodium. Thus, the most likely
e\"vlamtnm tor the hvp:matraem*n in this patient is
infusion of hy potonic fluid (51 mM NaCl/280 mM
glucose) in the presence of the expected postoperativ e
increase in plasma ADH. Adrenal insufficiency is

ruled out L'n. the normal plabma cortisol and the fact

that she remained normal for six months without
any steroid replacement therapv. Eractly why the
plasma sodium rose rollowing IV hvdrocortisone is
uncertain, but mayv have been related to the expected
decline of ADH values to normal after four to five
postoperative davs. Pituitary insufficiency is ruled
out by normal values for J\CTH IGF1 and growth
hormone.

Svmptomatic postoperative hyponatraemia carries
amortality of at least- 137, (42, particularty in children
A1 rehpimtor\f arrest s a l’lt.?t.]l.lt':‘ﬂf accurrence, out
once  this wmp ication the morbidity s
substantial /6.7). There is no obvious rationale for the
aaministration ot hy potonic, rluid to a postoperatiyv @
patent, uniess the individual ;= hypernatraemic (14).
It the patient becomes SV nu.tunmm_ therapy with
hvpertonic NaCl is indicated o), The syndrome can
be provented by admindstrizion of pr rimarty sotonic

OCSLUTS,

fluids to postoperative patients.
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s chapter aims to cover the h..lwth u{‘ ﬂuzd -~ Body water is conventionally divided into
halance. Toas loosely divided o our sections, three compartments: intracellular. extracellulaf | :
The nrst outlines fluid physioiogy, Thes :m. of and  transeelluiar. In aduits 60°y of wuter s :
Srastabiond mamtenancee duids is dedits ~\ ith in intraceliulur, o, ranseeilular and 30V, exira-
e second. The third section deals with milmda Coeeliudar, of cwanich TS, s iRt ASCULLT
ind touches on-the ervstailoid:colloid duhm_ tor + Although it is well recognized that  diseuse )
solume replacement. The anal nar ...m % the states may atfect the disirtbution of witer in
Ase ol hlood and s components in r:..“., mt.': o the bodyl s fess well know n that dge Wil also ;"
anaesihes. , | SN A .nﬂw..m.-.. Lo Extracellular water decreidses from
e oo 60" ina 2{-)—xx'c;:k retus 10 457, arterm .n‘*d RUE
o aturther 3% in the frst 3 davs of life.’ A\uu!
B levelsare reached by the end of the second \e .
ot hife, E
FLUD PHYSIOLOGY '
THE STARLING EQUATION ‘o
TOTAL BODY WATER AND FLLID T‘hﬁ: c:xw*;.u:ellu :;11' }:mn’pu_r!:'zne.:]t i:;__r'tu"thlx'erwsu*h-. S
e ~ divided mto the mitersutinl and intravasceulat
OALANCE spaces. with the interstutal space being three
Total body wiler varies with de egres of adiposity and ahalf times larger than the | NUravasCuLr, :
OO0 of muscle welvht is witter vs 109 of ). Flurd fTux berween the two was Arst described
discuse l;uie and ;lf:‘t. .\r'inet}‘-fmn per cent of DY Striing. who noted that the rute of fud
e bady weight of o 1 2-week fetus is water and Movement o or aut of wcapiilary was reluted
(s Ll”b (O t‘-()“n hv 32 weeks TeSTATION AN o the net h\diﬂ‘a[..l[lt. pressure minus the net
“SY. by term. There is u further reduction of  9smote pressure.” The Starling equation:?
1bout 3%y7in the first week of jife. tollowed bV i | o
gradual fatl to adult levels of 30-60% bv 18 So= Ar..:-;lP = PO = delme = m)
months of age.’ where /. = rate of Huid movement into.out of
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F 234 Fluid balance: all aspects e
capillary: A = capillary filtration coefficient:
P. = |

capillary hydrostatic pressure: p

smalkcinereiase in losses will therefore h
C = lssue
fllid  hvdrostatic pressure; AL =

dNE g

much greater effect on a small child and this
¢« = reflecion  explains why diarrhoea remains such un 1 -
coeffictent: =. = cupitlary colloid  osmotic Poriant cause of infunt mortality world-wide:
pressure: @, = nssue colloid osmotie pressure.
has been further modified 1o

INCOrPoTaLe

present the permeabiliv of

mbrane to smull solutes (A ! ;

. v . . '~ " f j

and the reflection coefficient which describes the MAIN TEN‘ANCE
“membrane’s ability to preveni large molecules

CRYSTALLOID
such as plasma protems {rom Crossing i the -
Starling coefficient {se)." If sc is 1. then & fluid REQU/RE/V/ENTS |
can realize its full osmotic pressure:af sc for -
membrune 1s 0 then fluids wil] puass fregly across
It and no pressure
CoRITICIents vury bherw

coelficients which re
the-capillary me

Wil be  exerted. The A IAINTENANCE \WATER REQUIRENIENTS

cen dilfereny Crgans of Alth ’tlll"l"* here are numerous [ rmulae for

: . 1aouen : v dIe CTalls o A0 )

the body and are altered by disecase. Burns. = L - o

o . reguirements. |t
sepsis and cardio . _

these are g}

. + CITUUNg maintenance Auid
pulmonary bypass. in particu- U :

. oL .7 : : I mmMmMhariant e
lir. reduce sc. resuliimg m ocapillaries which are '
Increasingiv Cleaky This has lwo e
allows wulter to le;

Siress tha:
Tacrc. aumdeiines oniv, They m

| T b eheddse poini but the mdivide

| BN Out causing Lissue pedenm Auid given must he.
and 1t allows osmotically active purticles 1a adiusin
escape e the interstitial space. [f sc then 1.
Increases again. these particles will remain in the
mtersinial spuce. incre:

OY beoused as STl g
 child’s response 10 the

montiored and APPTrOPriale
KNy mude 1o the recimen.
The formulae availuble for

cileulating Awd
o * requirement have as their busis body surfuce
1 INTTO PN + . | C
| (URINE 118 ¢ MMOUC pressure Area tBSA L calorie requirement and the wergjy
and altering the balunce of the Starling equution f the chi
_ ~ . - _ O the child,
until they can be removed by the hymphatic
svstem.

Most of the components of (he Strling  Body surface area
equauon can be meuasured onlv wit

g
. . 4 leﬁCL}h;; \arious nomograms ire pubhished which calcu- o,
Im the laboratory bUl' the intravascular osmotic late BSA from height and weight. In older 1 4
pressure and the CE‘p}I]Flr}' I]}_:quS'L&lIlC PTESSUTE  hildren the calcukiation of BSA |« relatively cusy 8
can b‘-’-‘ measured  chnically, G}l}'m” cial. HNG ACCURite because 1 i posstble to obtain an '
describe certain “oedems protection fuctors’. accurate herght. Measurements of the lencth of Ll
such as mereased Ivmphatic flow. which prevent 4 neonute or smaull infunt are not as reliable und o
the accumulation of oedema until the capillary errors of up 10 20" in BSA are well recoenized

hvdrostatic pressure has increxsed by more thun )
> mmHg.” This is supported

'L in babies Jess than 3 ke.”
chnicallv by the

observation that in the absence of pulmonary
capillary damage. the left atriy] Pressure (equiv-
alent to hvdrostatic pressure) must be increased

to 1520 mmHg before pulmonary oedema is
seen.

Because the height
length measurement s INdccuratle. most centres
now use a formula buased on weight alone 1o
Calculate fiuid req

; nrement and the use of BSA
has fallen from Cvour '

One of the main differences between the fluid

balance of adults and mfants is the relativel
large water turnover in the infant.

contained within the extracellular

Calorie requirements
> The metabolism of | calorie requires | ml of
The water

waler because. although 0.2 ml of water 1S
Space of a  produced. & further 1.2 ml is consumed. There-

70 kg man is about 14 | Just under 3 | dav™' is fore. 100 calories will require 100 mi of water

oSt In urine. faeces. SWedt and during respir- ‘or metabolism and Knowing the calorie reqguire-

aton (20%). In a 7 ke infant. the extracellular ment of a child will alsa revedl the water -

Spdace contamns about 1.6 ] and obligatory losses

are around 0.7 | day™" (44%)

requirement.'! I 1971 How]

" Any relatively calorie requirement of

and calculated the
an mfant from 3-10 ke

SI12-00] — |l
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 to be 100 cal ]\ﬂ Swith older chl_{@iﬁ@ﬂﬁﬂdﬁﬁ-‘fﬁenwwnmem ( O’Verhead “he..n:ers mueau;e “Sz& dl;cf.f*f"’"ﬁ*
75 and adults 35° ..1[ ke~ The e\:traf“:ﬁﬁloms 0%y Lomp-ared with' mcubatms) bv wheu{éf"[he “"1
metibolized by the' voureer children’ hetattrbs T babv e is ventilited (when™ there will. be " *
uted to Eroportmnallv larwer wrtuce dfen and _humldihen m the: eirciit) - and by tlie ﬂenerﬂ]
growth.' In_inl ..mts of less than. D L. body. . state of the neonate. -A ‘premature baby with.a® - - - e
werght. 30 cal kg™ will be needed 151 basal patent ductus arreriosus may close the duct in ' B
metabolic requirements and the rest mr uzoml response 1o fduid restriction and this mav avoid 7
Children of less than 20 kg bodv welght need the nexd for more agaressive management,
1000 calortes for the fArst 10 kg but only o A
30 cal ke~ for the next 10 l\ﬂ because of : £,
slower "growth rute. and larger children and Dextrose requirements
adults need only three times the ‘**”f“’fb of a [n the UK. intravenous dextrose infusions :re Z"’
neondate (l‘*t)() calories *m the frst 20 kﬂ and usually supplied as 4%%. 3%. 10 and 20Y; :1
20 cul kg™ thereafter). strengths. In additioh. 50% dextrose is available
| L lor  munagement of h\p(wm aemia. Most =
Normal maintenance fluid mtants and children require 4% or 3%, dextrose. o
A recent study  from Germany. however.
requ:rements calculated by wewht suggests that when these infusions ure given
7w hatever mechanism is used to -....lh.uh.ma Auid ~ peroperitively. children” miy become hypergli- g
:equucmenta it must be simple and molpmol' caemie with dextrose concentrations.as low as T
pecatise smadl muscalcuiutons cun fesult in -->%o although these were administered a1 aroe
significant errors in fuids administered. Tt has - Yolumes equivalent o 200 ml kg™ day™' -
already been said that 100 calories  réquires Neonates have poor gheogen stores and require | SR
100 mi of water & o3 kg child. -Lh‘eiﬁe!brc. hl*‘”‘tc‘l 'JIULLMC MEUsions to muintain Lht’“ biood fj?
requires 100 ml ket for the Arst . 10 .k ﬂluLme levels. The majority of neonutes. there- q
CHOO0 mb). >0 ml ke a tor the nent 10 kﬂ tore, are [mdl[mn...lh I’l‘l..lmltf't"d U‘&ll'l“ mius;ons :H
(300 mb) and 20 ml ko | thereatter (I‘-‘Uﬁt ) mi, aF 1% dextrose w ]“‘»h can be given through 2 1
;n;iking atotal ol }ﬁ(][);ni per Jivoor (. m! 4 e "Phl‘f!..tl Sannula. Sick neonutes on the inten-. j:
This vun be simpimed by assuming that there NS e unil. I'”“L--“-v" VN ihe presence of i
are 23 h in g dav. The chiid then. needs SEDSIN MUV reguire hwhu infusions than this. T
dml ke "ht Tor the Hrst 00 ke od0 mb, Such patients mav also need duid restriction
Smb ke T ror the next kor :” mi) und and 1t s not uncommon for small septic babies RN
I ml ke "I therealtor (S mili. wivine an o nead 20", infusions of dextrose. A neonute | 'M
ho -h-_m[;_;] ol a3 mlb which can e h\_'l,-,mmnm who camot be fed enterally for more than “'
at the bedside without a calculator. _, couple of days will require puarenterat hyper- | s_
Neondtes  have areater Huid H.hull*'nelux dlimentation rather than simple dextrose saline L
than infants. As a general rule. most Heonatal solutions. Hypergiyenemia can develop in re- b
e s allow 60 ml ket for the Brst duv sponse to o stress. CBoth hvpoglveaemia  and _M
sasing by 30 ml ke g o 130 ml ke IVperyiveaemid ean oecur  and bloud SUSLT g‘tfd,
0T 4 term neonate and 180 ml ! ke ™ dav i ror evels should be regularly monitored. T
dopreterm. This requirement will be attected by
| - o | Electrolyte requirements e 2
Table 8.1  Normal maintenance rluid requirements LEIN
- — — Electrolvie reuuirements vary with prematurey,
Weight {kg) | Maintenance iluid losses and disease states. There is some debile d:f
requirement A8 L0 ahe'hu 1 neondate acods sodium on the ?‘*“
(CUWU'M“E values; nest das of e, Saome units use 1 dedirose *i”'f
_ ‘ml kg™! dav™) solutian aa-"*[lmtat added  electrolvies.  whilst .
< 1) 100 | others add sodium. potassium and calcium. ‘_r
1190 - particulurly  tor premature infants. Preterm SRR
> 20 20 breust mulk contains higher concentrations of
S sodium. calerum and phosphorus for the tirst 2- - -—

2 o
I- ;
L
[ =~ - - -
.- 7 ' - T - -
oo ..y v T r

RF — CORONER _ N2 - s | —

......
1 et
i SR A T I



RF — CORONER

1;1;;‘:— . ;I ':‘,: ..ﬁq -;-.; 1'_: . LI' _‘_ri; -‘._:—._:.
R A e IR
: 'La"'.'.l_J:'-* b R

e
-

.
LY

g -
O w g
N W -,:T"‘ s
. r#‘
iw

L <

: . B AR Y o 3 L
N nl | L | - ""'1'__.' qla Lt L I
. : *'_1 -, ‘_ i o :l-.-'* I‘I"-:—-‘ - ot 5
’ "“‘-lh A R M At u—'.&
. "l".l'u .. 1 - . L
1‘.. p r . . !
. \

ko e -
' . - JLW . Iﬂ_-_'- ] ..._"h;..l- i -
Mg, el '...1""'-“&'.:-;*“3-;--' RS F N P )
. N PR n L h A ) )
x .. ": LR o £ TJ . il . -
T,
; am— b * ;

o ¥
L] l_nr'.'

236 Fluid balance: 3/ ASPECLS oo

- S weeks of lactation. and mesie the preterm
mfant’s increased requirements for these el-
-ments. Preterm formulue with stumiiar electro-
INte caomposition gre also availuble. A 4 guide
for  prescribing. mos children  require --
S mmol ke™! of sadium and 2 mmo! ke ! of
potassium. This means thay 1) K infant who
needs 1000 mi of Aujd per day wWill also need
around 30 mmo] of sodium., In the UK Aunds
dare  uvaillable s dextrose (4", or [0"4) and
8y saline (1.e. conuuning 30 mmoj J-'). For
MOost patients. g readyv-made bag of Auid wi]
provide their clectrolvie  needs. In
instunces. additional sodium will he required.
This can be added 1o 4 standard buyg UsInge g
MFOng soduam (304 SO0 mmoi 17 solution.
o Normal saline (O9%: 150 mmal 1) or hulf
(0.43%: 73 mmo! =Y can bhe

saome

dAiMMount  of
Broneies i the

SOANNN adminisiored o)
IMmed e POSTONCTII ©
Period nzeds 1o be monitored. Krummel ¢ !
Studied 20 surgical newborns and found thay
hypernatraemia occurred i 64, of term bubies |
and 67% of preterms. In all cases this dppearad
1o be duye predomimantlyv 1o yn adminisiered t
sodium Joad of more than 400%,  of (he l
estmated

mamienance Fegquirements. This wis |
compounded by g shehtlyv reduced abiny 1o ¢
cierete sodwum and a shor period of post- }'
Oberative sodium retention. ' lt
’

W

—- - I'e

SPECIAL REQUIREMENTS A
Gastrointestinal losses - !
N

Gustrointesting] SUrgery s relatively COMmMmMon in L1

small mfanws, [

“US may also occur in
cnild: therefore.

gastromtestinal Josses

4 sick
are of m

IMportance. Nasogastric aspirates should he SO
replaced  volume for volume  with normul a1

saline contaming 10 mmo!

potassium chloride il
500 ml. This

per sodium  load  allows the no
patient's kidnevs 1o correct the hvdrogen deficit (SC
incurred by the Josc of gastric secretions Stoma COLl
losses mayv also need to be replaced. High dex
SIOMas in particular may be associated with pO1
Significant sodium Josses leading to as much 4 6. 1§(
fold increase in sodium requirements Losses of  gyJ;
more  than 40 m] o dav™' are hKkelv 1q 150
require parenters] replacement usmmg the same s d
solution of normal saline with 10 mmo] DO1&ss- pree

ondary 1o another cause. can  secreqe

um per 500 ml. Usually. U_.,:-_ ml 1s rep]uced (o7
svery | mi losi but. depending on the Olume of
losses and the site of the stoma. un}'lhmg from
one-third 1o three-quarier rep_lucemem Mav he
required. Children who have tleus. e;ther from
castrointesunal surgery and pathology o Sec-
C - large
iimounts ol fluid within the _f.a_fut_ and Peritoney)
savity. Babies with abdominad ‘dlSIc:'nmm.] due.m

Hirsc.:h::prung':: diseuse (colom-c‘ug:..mg!lmms:s)

nav be mmtravascutari d:.:plc'icd N 1he presence

f steady weight or even werght 2ain and such

’i:—.llfﬁ‘nl:‘i‘m;l}‘ necd in[rm';'t._:-ia.'l_ll;tr Volume repli-

oment despite normal idiees:

vioric stenosis

h-pfﬂrﬁphic p_"x']m‘ii.‘ .'";lL‘I'lt.'.'Sl'?i‘ 1‘:: ! COMmMmMaon
wdition with ar INCIGC ey o dbout o2,
I babies with this conditors ‘onut and will
'L]Llii'ﬂ p]';‘mpcr'iili\'f'l-lH—[LH L?I‘rltlll‘:-i‘hllldﬁ. A bout
o of nutents wili have ¢ s:gmf_m;ml derunge-
ent of therr electrolvies and acid: base SLHLUS

a o rosult of vomitung. The most usclu]
croliie 1o gavge the seriousness of the

Ctubohe upset s chloride. which can be ygsed

cillculiie the chionde deficnn and this MILsT
en be specifically requested as it is no longer

L rformed routimely n most hospitals. While

' serum chloride remains low. the nfant wilf
alkalotic.'™ The vomiting of HCI. together

h the kidney's attempts to conserve sodium.

G g mictabolic alkalosis and depletion
Lotal body potassium. Because POTASIIUM s
mtracellular jon. the serum POLESSIUM s 2

T guide 1o potussium requirements and wil)

ally: be within the normul riange.

o correct the metabolic alkalosis. the Infuant

't be given sufficient sodium und POLASSIUMm

hat the Kidnavs can conserve hvdrogen jons
correct the acid: base status. Chloride s o0
given as the anion to both sodium and =~
ssium. Most bubies with mild derangemen f\
lum  bicarbonate < > mmol) will be
>Cted within 5%

fose plus 0.43% saline with |3 mmol of

=

24 h using a4 solution of

ssium- chloride per 500 mj bag at }350-
nl kg™ da}-'“l. In exireme cases. normeal
- (or 4.3% albumin  which

nmol NaCJ 1~ May be required and o
S of parenteral fujds may be needed
eratively. It is also IMportant to remember

l
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- Maintenance crystalloid requirements 237 -
that any gastric distension results in more 24 h after surgerv.'® Fluid management of these
gastric juices being secreted and lost. A wiade- ~ children mvohe: Strict Cr\fst.l“md_,re';,[nctlons o E
bore nusogastric tube should be left-on free  (3( ml kg™ day~"for the first 24 hyandicolloid 470 w0 - ifEENE
drainage with regular aspirations..and.. anv  boluses to mamtain  normovolaemia:- Close-- e
nasovastric losses should be I‘E‘leCEd mulliitre monitoring of urine output and serum and B
tor mullilitre with normal saline mth ..lddt?d urine osmolari ty will help In the mdndwement
potassium (10 mmol in 300 ml). St
Phototherapy 2
Posterior urethral valves o 1 AR
Neonatal “physiological” jaundice is relatively SRR
Posterior urethral valves cause a congenitul  common and is worsened bw dehvdration. Some T
obstruction ot the male posterior urethra and neonuates with a rising unconjugated hvperbili- ""?
atfected infants may also have a degree of renul  rubinaemia can be managed simply by liberal- - SR
dysplasta. Nowadavs. the condivon is increans- 1zing their fuids. This muy need to be via a rr"i,lﬂ. -
ingly diagnosed antenatallv and most other nasogastric tube or parenterallv as the jaundice s o
children present within the first month of life.  tends to make the baby sleepv and therefore less B
The mitial management ol a neonate with valves able to feed. which compounds the problem. It lh“
1s to cutheterize the patient and then confirm the phototherapy is required. environmental water
©wnosis by cystogram and or o YSTOSCOPY. oSS s IHLI'E..l‘u:.‘d sizacantly and an exira 230 3 ;
b voconsists of valve ablution \1..1 - the ml kg™ day™! should be added to the Huids to - .,
fsm_oru, A ostgmificant number sthese  compensate.
c,hlldrc_n will have renal impairment w hu,s{ 1 may . AP
be long-term. and almost all have 4 didre -m ' | Bty
response to catheternization anc reliet Ot the tffects of surgery | _ _ ’7-,:
ob:_q[r_'uc{mn.‘ Lrine OUIPUT  musT De - leeh [n 1968 Reid showed n aduit putients that duid | |
monitored in - these patients and - their. Huid accumulation occurred in the early postopera-
ntuke will be bused on their creadinivie-und (4 phase and that this occurred entirelv within | o
therr output. Mast ol these babies are well (}. xtravasewar space. There was no change in
enough to recerve oral leeds bur wiil also reql.m - the mtravasculur valume even when II""’r:" ﬁmd e 3
purenteral supplementary Tuids to Keapup with nCrensos wWers seen ovirnasculariy) T Seven - ﬁ g
arinary losses. This diuretic pn._.‘.a: Sun 1..1}1{ for vears earlier. Shires o «f. had studied ﬁmd _E.“,.
between 24 h and a-vcouple of weeks. “again g peroperatively and noted an acute con- SR
emphasizing that strict eriteria cannot he !'-“d traction of the functional extracellular Auid o L
dewn fer neonutal Auid infusions, | -.",f;w o wintche m the absence of blood  loss. they g;-J 1
B prosumed 1o be due o mrternal redistribution. E”
Congenital dfaphraamatfc /?ermfé-_ﬁ“-- They noted that the mugnitude of the internal | -‘-*:3
| redistribunon was reluted 1o the degree of Pragee o
The fuid handling of a neonute with LOH’*TLﬂlhlI surgical trauma and particulariy 1o the duration T
ph: DUMULIC hurml Mmevits special nenton. and degres of retracrion. Thr_} concluded that ;;I
S euars to be onl}.- dnarrow path between this was a major sumulus o the fwid and | ..- ]
hy, cowenua and Huid overload. either of sodittin retention seen postoperativelv, '™ Car- z"f
which may have x..dhmmplm etfects resulting cnnlis atter major abdominal surgery there is u :_?"
I a worsening spiral ol actdosis and hyvpoxia, all mothe serum sodium and evidence of Auid | ;; .
Rowe ¢r /. studied the uorine autput  and retention  with  periorbital  and Jdependen J_,_'"“
osmolarity of both urine and serum in 22 oedemu. which can be reduced by restrnicting ';-*
nfants with diaphragmauc hermia vs 12 control Hurds for the Hrst 24-48 h following surgerv. ; e
infunts undereoing laparotomy for some other Followmyg  minor procedures patients  are o
reason. Theyv found that althoueh all controls dlowed their full muintenance Suids. but after - :: ]
esponded appropriately. 6474 of the diaphr |- ANy Magor surgery their inteke is reduced 1o | “1
Mate hernin group mappropriitely  retuined 200 ol requirements for the Arst postoperative ' kS .
Auwd in the first 16k After survery and one- duy.and o addinonal duid is required it mav be g
third sull had an inappropriute urine output better to be given uas colloid. §
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- Sepsis

Hyponatraemiy in
I8 @ssociated with d W
and Boston looked at- luid und 1on redistriby-
Lon In an anima) model of sepsis und found
significant shifis of sodium. chloride upd water
Inte celjs compared with sham controls, They
found this trend to be exacerbated by infusine
% dextrose compared With normal saline with
fuid shifts oceurring when the volume In{used
Was less than the estimyed fluid requirément.
They suggesied thy the hyponatruemis and
plasma h}a‘po-osmo]ulir}“ Were  cuused bv
combination of intracellular shify of sodium
and wuter. and - dilution of (he extracelluiar
Shace. probablhv caused b physiolosicul anu.
aruretic hormone (ADH) secretion. The
clusion was thar i the presence of sepsis. 44,
dextrose — .80, saodrum chloride s -

pronrie. POty dungerous qnd stiould be
dvorded.

Ty,

,' I CO)-

Burns (see also Chaptér 15)

Stenificant burns Cause large fluid Josses and
IS patients require lurge volumes of Huid
resusciation. Ip addition 1o normu IMmainien-
G4Ice fluids, such patents need
fluid adminijstered as Normal saline. Ringers
solution or Gelolusine® fIven over af Jenst Lthe
Arst 36 h after injury. The 36 h are divided inio
SIX periods: three of 4 h. two of 6 h and one of
12 h. The mimge the moment of
IMJUry so that the first infusion e Imevitably
delaved. During each enod the child need. (an
dverage of (.3 m) ko~ Per %o burn. The precise

resuscriatjon

Sepsis s wel] recogmized uand
OI'se prognosis. Hannon

haematocrit js g useful euide 1o

deficit. blood j« usually bes adminis

N

the last 12 b of fluid resuscitarjon. ¢

the plismy
cred durin o

Clinical assessment of dehydration

Although  1hirst Ppears with  the  Joggs of
dpproximateiv - 20, of total body wyter ‘the
stite of the peripheral circulation

Sensiive guide 1o more Serious level
dehvdration in children. Core
perature difference becomen chinically detectuble
and mucous Membrines dryv gy

dround 3%, lase
of total body wiier. With 10¢, dehydruation (he

and capillary refi]). nor-
maliy compleie within = 8.8 delaved. Pulse and.
FESPIHTOTY ipges INCrause. CONSCTOUNONS Mty be
clouded. and in e leondte the fontnelje <
sunken.  Blood pressure mav [yl Aithough

NeCatise of e ereiased cardiae out PUL Cutised

0N the weny cardia this s DOL iR oo

IV or refinhle
sign. Urine OupuL s decreased. At |3,
dehydration

capiiiury refil May be incomplote
SV dfter 10 s, (he Mouth 15 parched and the
cyesare sunken. The pulse is rapid and thready
and blood pressure Jow The child is Sluporose
4nd oliguric. and mav show S1Ens of respiratory
disiress. Losses in CXCENS O 20%0 mavy be [yl

-_—
COLLOIDS |
—_—

1§ the -maost
s of clinicy}
—peripheral tem.

PETIPheries are cole

THE CRYSTALLOID VERSUS COLLOID

P mibk 1€ prec DEBATE
x-'olume_gn-‘an 1S adjusted on the basis of uripe I . .
OUIpUt. urine and plysmy Osmolahty. perfusion  1he “HREnorny of colloid aver Lr}"*“”‘?’”; ;ﬁjr
4Na the calculated plasmy deficit. This can be Volume replacemen smains controversiul

cdiculated from the formuly-

Plasma deficit = bjopg volume

| — (b]ood volume

normal haematocri T

observed haematocri

Deep burns result in red cell destructjon and th

usual blood requirement is of |0

o of norma
blood volume per 1% burn for deep burns of A,
more than 10¢,

surface area. Because the

Whilst crvse
In the US4 colloids
The debate centre

replenishing
colloid osmotje pressure.

imrm*ascuku*

Cing the sume Increase in curdj

= smaller volume of fluid. The
] Crvstallioid

of fluld m ovement from

dlloids are generally maore popular

are prelerred in Europe.-”
S on which fluid Spice needs
4nd the importance or otherwise of

Colloids  theore ically' remuin

within  the
travascular  spuce. 1)

werefore éxpanding the
Volume maore efficientlv. produ-
dC oulput for a

proponents of
draue that the whole extracellular

d4ce 1s reduced in hypovolaemia because

the interstitial compart-
VL - OO |

1d sp

S
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undergone a circulating volume [ransfusion of
red cells. In babies and infants. a transfusion
of 310 ml ke™" s usually sufficient. whilst
unit transfusions  are appropridte in  older
patients. | |

FRESH-FROZEN PLASAMIA AND
CRYOPRECIPITATE

FFP contains | unit of factor ACHVILY  per
mullilitre of plasma. A decision 1o use FFP or
cryvoprecipitate should be based on a4 combi-
naton ot clinical and laboratory hndings. An
CINT oftless than 1:4 or a partial thromboplastin
nme  of less than 60 s s unhikely 1o cause
significant bleeding problems and COrrection 13
not required. -Laboratory values greuter thun
[~ 2 levels .or significunt bleeding will réquire
L.oectnon. An empiric dose of 310 m] kg™ ! s
ssually adequate or the dose can be caleylited
by body weivht, plusma volume and -desired
increment of clotting tactors. |
Crvoprecipitate is a poor source of factors I,
Vo INO XU XTI and XTI but contains actors
VI COVIIVWE. XTI fibrinogen and hbro-
necun. Indicutions for its use include hiemo.
phiba AL von Willebrand disease. nbrinoven
deficiency. massive  transiusion  and UM
platelet dysfunction. s advanuage over FFP s
that 1t s concentrated and  one bug  (of
3=20-mD) is the dose per 10 ky body weirhe,

r
L
-, .

SPECIAL SITUATIONS
Jehovah’s witnesses |

The Roval College o' Sureeons of Encland haye
proc. ~d a code of practice for the surgrcil

Duzement  of Jehovah's  Witnesses, This
«-Knowledges that the children of Jehovilh's
Witnesses requiring blood transfusion present :
mostdithcult management probiem.™ There aro
SO0me mitigating fuctors. however. Either parent
May sign a consent form permittung o transtu-
Ston.  Most operattons  on children do not
equire or invohe blood ransiusion. PUL TS
Unethical to let a child die Lo want of 1 hiood
transfusion. The su veon and anaesthetist imust
however. respect the beliets of the lamith and
should make every elfort o aveid Lhe perto-
PErinve use of bloud or blood products. For

......
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children under 13 vears of age who require or
may require a transfusion’ but whose pdrents

refuse to give consent. legal advice should be

sought. Such children will normally be made a
emporary  ward of court. This subjact 1S
covered more fully in Chapter 2.

Sickle cell disease

Iradionally. patients with sickle cell disease
hive been routinely, transfused before clective
surgery. There has. however. been little con-
SEnsUs s to whether simple correction of the
Anaemia is sutficient or-whether the level of HbS
should be reduced to less than 309 Vichinsky
croaf. compared a conservative regumen ftrans-
using to a haemoszlobin level of around

o

dabim ol around 10 ¢ dI7! und an HBS jevel of

less thun 30%4). Thev found the conservative

redimen to be as elfective in preventing perio-
perative complications and this group hidd half
1S many transtusion-associated complications. ™
Stmlarly. immediatelv preoperutive transfusion
o w huematoerit of more than 36% wus s
sHicucions as two-yslume SNChUNgSs Dewinning
- weeks prior 1o surgerv. with less disruption
o the fumily.™ Patients with HbSS disense
should receive  transfusions 1o correct  their
taema. They  should be  given  udequute
Deroperuiine hvdration with crystitiond. Post-
operatively.  they  should” receive. adequare
dnalgesia i addition to oxveen and phyvsiother-
ApY [0 prevent atelectasis. For more intor-

mation. see Chapter 1.

e S TR S

CONCLUSIO

Fluid management in paediatrics is an art s
well as a science: clinicians need (o monitor the
response o therapy and chunge the regimen

appropriately. This chapter contains guideiines

and suggestions for safe Huid administration but
cannot replace chnical experience.

11111
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