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CORONERS ACT (Northern Ireland), 1959

C_@E}:tﬂsfﬁnn of BHitness takenon the day
r

of ' 18, at inquest touching the death of

ADAM STRAIN | , before me

Coroner for the District of
as follows 10 wit:—

(GII'[E éﬁzpuﬁftfnn B_f R H TAYLOR
of c/o R.B.H.S.C. -
(Address)

who being sworn upon h oath, saith

O the 27th November 1995 at 06.45am, I was the Consultant Psediatrice
Anaesthetist on duty, For the Royal Belfast Hospital for Sick Children.
I commenced a general anaesthetle for a kidney transhlant on 2 & year
0ld boy known th me as Adam Strain. He was in polyuric'renal failure

as the result of congenital pnsterior urethral valves and had been

- receiving continuous peritoreal dialysis. He had been admitted to RBHSC

on Sunday 28th Nov 1995 in praparatinh for the transplant. 1 was made
aware of the preoperative problems of fluid administraticn, cthat ne
usually received night feeds and that iv fluids could not be given 2

hours prior to surgery so I had permitted clear gastric fluids to_be

given up to the last possible mament. I encountered no difficulties

following his arrival in theatre accompanied by his mother. He weighed

20 kgs. General anaesthesia was induced uneventfully using thiopentone

e

125 mg, etropine 0.3 mg and atracurium 10 mg given by a 25G butterfly

needle in his riaght antecubitzl fossa with his mother cuddling Ihim. I.v.

sccess, arterial access and a central venous catheter were all placed

without undue difficulty and a lumbar epidural was sited under sterile

technique to provide pain relief during and after the procedure. 1

administered iv fluids as is usual and calculated te correct his fluid

deficit, supply his maintenance and replace operative losses. C(rystalleid

Fluide (500 ml bags of 0.18 NaCl in 4% glucose x 3 and Hartmanns 500 mls
aver 4 hours) were continued to provide maintenance and supply sufflicilent
fluid for the native polyuric kidmeys. As there was 2 substantial ongoing

blood loss fram the surgery calloid fluids (HPPF) and eventually packed

PT.0.
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red biood cells were given., His naemoglobin at the start of the

procedure was 10.5 g/dl and fell to an estimated 6.1 g/dl during the case

4
and was 10 g/dl at the end. The nurses were asked to weigh blood sosked

swabs during the case so that they could be more correctly assessed.

There was 328 mls of blocod loss.-in the swabs, 200 mls of blood in Ephe

suction bottle and an unknaown amount in the towels and draes;

estimated this to be about 300 mls, but they were heavily soaked. Thus

the total blood loss I estimeted to be 1128 mls. The replacement for

this included 2 packed cells (180-250 mls each) and 1000 mls of HPPF.

The infusion of fluids was titrated against the CVP and BP to ensure

that the blood volume was more than sdequate to permit maximum perfusion

0f the doner kidney. This process was complicated by the fact that

tht  lonor kidnmey did not appear &tell perfused after an initial péricd C _ J ()
)f apparently good kidney perfusion. A low dose dopamime imfusion had | 0& C:J{ﬁlp
_ . . x
)een commenced nesr the start of the case to improve the blood flow of \ c;’v"ﬂ '
L 4

he donor orgsn. The pulse rate, CVP and arterial blood pressure gave
@ no cause for concern throughout the case and a bload gas at 09.30am
onfirmed good oxygenation and no sign of acidosis or any indication ﬁfﬁf s
f problems, -In view of the CVP, heart rate and BP I did mot consider

ne fluids ta be either excessive or restrictive. Indeed I regarded

e flulds to be appropriate and discussed this with other doctors

>t in the theatre. At the end of the case I reversed the neuromuscula

.0¢.. with neostigmine and anticipated the child awakening. When there
s no sign of this I exemined his pupils and found them to be fixad
g dilated. I became extremely concerned that he had suffered brain

em 1njury so I transferred him to the PICU for further ventilation

his lungs and assessment. In the PICU hyperventilation and mannital

s administered the iv fluids restficted to permit fluid to be drawn

t of the oedematous spaces. Along with Dr 3avage I spoke to Adam's

her and offered my sympathy for the loss of her child, but could not

)ply her with a clear explanation of what had happened to Adam. I

ompanied Adam to the CT-scan room later on that day and was informed

\KEN before me this day of

19 .
Coroner for the Distnet of @
070-015-061
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CORONERS ACT (Northern Ireland), 1959

?2}1 aettion of ﬂﬂnzsa taken on the day’
- |
of ' 19, at tnquest touching the death of
2/ ADAM STRAIN | | , bCfO!’E me

Coroner for the District of
as follows to wit:—

@The Bepasition of &« tavs
of

who being swornupon h oath, saith

(Address)

by the neuro-radiologist that he had gross cerebral oedema snd herniation
of his brain. I remain extremely perplexed and concerned that this

happened to Adam and cannot offer a physialogical explanation for such

ES

SeVere pulmanafy and cerebral oedema in the presence of marmsl memitoring

signs. I wish to make the fellowing observations:- 1. Paiyuric renal

failure. This required great attention to the detzils of caleulating
Adam's fluid requirements. It was usual to give this child 1,500 mls
of food/fluid overnight to maintain his growth milestones and to
compensate for polyuria from his native kidneys.. This was given. via his
gastrostomy buttom at night as he slept. Thé delivery of such large

guantities of food would have profound effects on his metabolisum (eq.

sugar, insulin), normally we fast at nmight. It was, therefore, necessary
to interfere as little as possible with his 'normal' fluids. ! had
discussed his preoperative fluids with Dr. Savage (Consultant Paediatric

Nephrologist) and Mr Brown {Consultant Paediatriec Surgecn) and had

decided that 'usual' gquantities of oral (or gastrotomy) fluids (Diaaralyte=s
- 0.18 NaCl/4% Glucose solution) should be administered up to the last

possible moment (2 hours before surgery) tao minimise the likelihoed of

deliydration and hypeglycsemia. A great amount of consideration was

glven to maintaining this 'nmormality' during the operation. He hadg

multiple previous anaestheties, but was atherside well. His cardic-

respiratory status (mormatensive) and neurclogical status were normal,

r8F, Coagulation Screen and U & £ were all within acceptable limits

Preopeérative medication included bicarbonate and calcium supplements,

L 070-015-062
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«eflex and erythropeoietin., 2. Difficult i.v. access. The paediatrie ¢ |- 7~ Y 8
p
reglstrar had asttempted on several occasions to erect i.v. fluids to -

further prevent dehydraEicn prior to surgery. This proved impossible
e+ o~ T T SModEAYe HHAS B

and the child came to theatre without iv aeccess. 1T gained i.v. access

on the first attempt and administered a 'routine’ paedistric anaesthetic

induction with thiopentone 125 mg, atropime 0.3 mg and atracurium 10 mq.

A gecure iv cannula wss then placed on the First attempt as was
intubation of the trachea 2nd é right radiél artefial line. A centpral
venous line was sttempted on 3 oecasions in the left subclavian, once
in the left internal jugular and then successfﬁlly in the right

subclavian. With a child in the headrdown position failure to locate

e subclavian vein suggests that the child is dehydrated. A lumbar
p. ral was then placed without'any difficulty smd 'routine’ drugs < | L
dministered (bupivacaine 0.25% and fentanyl 5 meg/kg). This enables

inimal valatlle anaesthetics to be given during the. case and provides |

xcellent postnperative pain relief. There is other evidence that it

ay prevent or lessen the 'stress response’ which causes fluid retantiaon _ ;
decreased urine ocutput). 3. Haemodynamic considerations. On measuring
e LVP the initial pressure reading was 17 mmHg. There were hoth
irdiac and respiratory patterns to the waveform confirming cnrreét

vtravascular placement. However, from the pressure reading, I

~Tuded that the tip of the lime was rot in close relation ko the

ad

ar. (later confirmed by x-ray). 1, therefore, used the initial

ading (17 mmHg) as a baselime. The systolic BP at this time was

=90 mmHg. This is low, but within the normal range for a child of
————

1S age without pre-existing hypertension. I, therefore, concluded

gt the child required more i.v. fluid to increase the CVP and BP

om this baseline level. At 20 kg Adam had a2 calculated blood vaolume

1600 mls and calculated fluid requirement of &0 ml/hr. However, he

uld 'mormally' receive a sugar solution at 150 mls/hour. Thus I gave

n the deficit of fluid 300-500 mls plus his ongoing requirements

30 mls/hour). During the following 30-40 minutes his CVP increased
\KEN before me this day of 19 ,

Coroner for the District of @

070-015-063
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CORONERS ACT (Northern Ireland), 1959

dﬁzpnsiﬁnn ot :J'ﬁﬂﬁnzﬁs taken on the ' day’
F )
3/ of 19 , at inquest touching the death of
ADAM STRAIN N _before me

Coroner for the District of
as follows to wit:—

@ha ?Bpnﬁfﬁnn ot R H TAYLOR
~ oy _

who being sworn upon h oath, satth

(Address)

to 20-21 mmHG, corresponding to an actual increase of 3-4 mmHg. This
is a8 relatively mild increase in CVP and is necessary in such cases to
provide the child's tissues with sufficient water, sugar and electrolytes.

The heart rate§§lsu gives evidence of fluid status. Although this is

'blocked' by the administration of atropine at the start of the case

there was & gradual decrease throughout the procedure (120~100 beats/

minute) consistent with the clearance of atropine and graduzl rehydration.

All the more importanmt in this case is the need t& svoid dehvdration

that will deprive the donor kidney aof sufficient Fluid to produyce i nEe

There are several feedback systems in the body which act to retain fluid

(ADH, renin-angiotensin ANP etc). These decrease urine output, thus

it is necessary to prevent these systems becoming activated for successful

transplants. The systolic BP increased, in accordance with the CVP,

-

and was stable atﬁarnénd 100 mmHg throughout most of the ecase. It 1s
vital to provide sufficient- 8P tao pérfuse the vital argans and {he donor -
kidney. A low-dose dopamine infusion (5 meg/kg/min) was commenced near
the beginning of the case to provide 2 remal vaso-dilating effect. This

dose has minimal (if an csvetemic effects and is regqarded as routine

practice in renal transplantation in centres whare I have worked.
The haemadynamics (HR, CVP, BP, Sa202) were remarkably stable (see print

nut)'despite the ongoing blood loss (>1211 mls almost a full blood

volume) which I discussed in my earlier letter. The sudden 'increase' in

CVP to 28 mmHg eccurred when the table was raised 5-6 inches for surgical

reasons, but the transducer was attached to a drip-stand and thus an
K - PT.O.
) -
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'artefact' occurred. When the transducer was ‘re-zeroed' to take account

)F the differences in levels the pressure returned to the previoué 'stable’

‘ange (20422 mmHg ) cuns{stent with no net increase im fluid load ar - '
‘irculating blood volume. When the child was takem to the PICU snd ;%V/#‘

1s head placed in the midline his CVP was 10-12 mmHg suggesting that

n theatre, with his head rotated there was some mile venous oeclusion

f the great veins. There are .two small increases in the systolic BP
t around 10.00am corresponding to two small boluses of dopamine (1
~g/kg). The rationale for this was to increase the perfusion: pressure:(without

luid challenge) to the domer kidney, which at that stage was not 'looking

jod' and not producing urine. 4. Intraoperative Fluids. This is the ‘%g

-éa requiring the greatest consideration and [ keep returning to it.

- iy practice and teaching that fluids must be ecarefully caleculated

| realtion to the child's size and requirements. Furthermore Colloid

- Hartmanns 1s preferred to Dextrose salution to replace blood losses.

- this case HPPF and Hartmanns (500 mls) were given for volume

pansion (to raise and maintain the CVP 3-4 mmHg above haseline).
e blood loss (> 1211 mls) was carefully balanced by administration
colloid (HPPF 1000 mls snd 2 units Packed Cells). This ig zlsc

nfirmed by abserving the haemoglobin concentration. The initial

amoglobin was 10.5g/dl, fell to 6.1 during the case, confirming

jnificant blood loss and was restared by careful calculation to 10.1
tt end of the procedure. The gluEEsé conteining crystalloid was
/en over &4 heurs (1,500 mls 0.18 NaCl/4% Glucose), again cafeFully

culated to restore the deficit (300 mls), supply maintenance 150ml/hr

y view of the polyuria) and insensible losses (larqe srea of sbdaminal

ity exposed). The calculation was complicated and included many
jective factors not easily measured (skin ecolour, skin mottling,
ipheral perfusion, pulse volume, pulse response to fluid bolus, ete.)

¢ch become 'natural' for an anaesthetist. In the final analysis the

6d sugar gives a reliable indication of the quantity of glucose

ution given. OSince the blood sugar at the end of this case was 4

KEN before me this day of 19
Coroner for the District of
65

070-015-065
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CORONERS ACT (Northern Ireland), 1959
ﬁzpnﬁfﬁnn of HHitness taken on the day
r

of 19 , at inquest toﬁching the death of

ADAM STRAIN , before me

Coroner for the District of
as follows to wit:— _ |
(ahe ﬁepnﬁfﬁnn af . R H TAYLOR
of '

‘ _ (Address)
who being swom upon h oath, saith

mmol/l then there was not an excess of this type of solution given. In

vt

iplep—

fact, if less had been given then there would have been a danger of

HYPQglycaemia, a much mare serious condition in early childhood. I
can not explain what has happened. However, I can explain several things

that could not have Happened. The cerebral oedema was gross and there

wags X-ray evidence of pulmonary interstitial oedema (no cardiomegaly).

Despite aggressive measures to reduce brain swelling, (mannitsl x 2,

hyperventilation, fluid restriction) he was confirmed brain stem dead.

There were no intracperative ‘'events' which could account for cerebral

cedema eg, hypoxia, hypotension, srrest or snaphylaxis (see print aut).

There were no external sians of a suffusion of 'hanaing'! injury (no

faeial swellin' no petechiae, no sub-conijunctival haemorrhages) causing

e

fluid to sequestrate in the brain. Also the presence of pulmonaty cedema

is against such a notion. Also there was no associated signs of raised

Intracranial Pressure (ICP) such as Hypertension & Bradycardia. The

heart rate 'drifted' lower over the first hour (120-100 beats per minute-

see print out) of the operation consistent with the effects of atropine.

Thereafter the heart rate remained stable until towards the end of

surgery when meuyromuscular reversal was given (necstigmine/glycopyrollate).

I am familisr with all the anaesthetic equipment used, which was checked

prior to the case. Records shaw they were recently and routinely serviced.

As one of the paediatric anaesthetists working in the REBHSC my contribution
R bt S —

to the vital aspect af equipment safety had been to order the purchase

and installation of oxygen manitors (Fi02), capnographs (C02),

feo2),
* PT.O:
L6 -
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quipment log-books and printed records of actual meonitoring measurments.
f there had been an equipment malfuncticn (and there is NO evidence in
his case) then back—upFSystEmS would show it. For instance an arterial
1ood gasiat 09.30 confirms that both the C02 and Oxygen monitors (Sal2)

ere accurate in this case. If the BP was lower thsn that displayed

nalfunction) then the blood gas would have indicated a metabolic scidosis

wypo-perfusion of tissues). In fact the blood gas did NOT indicate a
stabolic acidosis confirming that the BP was adequate for full tissue
srfusion. The heart rate and BP are also consistent between the theatre
'd PICU monitors in this csse. Conditions likély to precipitate

iamotic' fluid shifts were not present. Adam's preoperative albumin

is 38 mmol/l and other electrolytes were in an acceptable range.

tl gh blood sugar was not meastired during the case the final blood

gar was 4 mmol/l. There is no reason to believe that i1t was much

_Fférent from this during the case as he was receliving basic sugar

ntaining fluids. Appropriaste quantities and types of fluid were
ven, as [ have set out above, This is confirmed by the fluid
lculations, Heart rate, CVP,'BP, haemoglobin concentration, blovd sugar

d autopsy (no evidence of fluid averload). In fact there is no evidence

at excessive quantitites or incorrect types of fluid were glven.
other diFFiéulty in attempting ta explain the cerebral ocedema is the

“hat Adam received cerebral-protective drugs during the operation,

21

t .. specific reasons, but for other purposes. Thiopentone was used

r induction and, being a barbituate, has well documented cerebral-

W-

jtective effects, especially when given prior te the brain 'insult’.

sdnisolone was given far 'anti-rejection' therapy and, being a steroid,

also recognised ss a cerebral-protective agent. Conclusion; By the

~eful exclusion of possible causes I can only assume that 'something'

W—

surred during this case which defies physiological explanation. I

vain totally devastated by this unexpected, unexplained and tragic

it of a 4 year old bay during a complicated operation. My only

isolation is that I consider the management to have been caring,

\KEN before me this day of .19 '
Coroner for the District of LY

244215 P.82
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CORONERS ACT (Northern Ireland), 1959

ﬁz]:mgiﬁﬂtr of Mitness taken on the - day
of r | 19  , at inquest touching the death of
>/ ADAM. STRAIN - . | _before me .
Coroner for the District of

as follows to wit:—

@ he ?Epﬂﬁiﬁnn aof R H TAYLOR
of

who being sworn upon h oath, saith

({Address)

appropriate, expert and representative of the highest quality and

intensity of care that I can provide.

P.T.O.

070-015-068
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