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February 26™ 2006

~ D/Sergeant William Cross
Fermanagh District Command Unit
48 Queen Street
Enniskillen
BT74 7]R

' Dear Mr Cross,

Re: Adam Strain

Further to our meetings of 229 and 23" F ebruary 2006, I will answer your points in
writing: |

In my opinion it should be standard practice to take base-line readings of blood gases
and electrolytes as soon as possible as vascular access has been achieved. This would

be particularly important in a child who has been dialysed overnight and who is
scheduled for a kidney transplant. It was an error of judgement not to do this,
especially as they had tried to obtain blood in the immediate preoperative period.

In my opinion it was an error of Judgement to regard the CVP reading of 17 as the
baseline. This initial high reading could be explained by the large volume of fluids

given by this stage.

Overall the management of the haemoglobin was fine, even though the level fell from
10.5 to around 6. This can be explained by gradual blood loss and also dilution. Blood
transfusion brought the level back to normal for Adam. The low reading for sodium at
0930 can be explained by the dilution by large volumes of dextrose/saline. It is
impossible to be dogmatic, but at this stage 1t might have been too late to reverse the
effects of the acute sodium dilution. -

It is my opinion that there was fluid overload in the early stages of the operation.

HPPF does contain sodium so would help to raise the serum sodium level, though is
usually given for blood volume replacement.

It 1s common knowledge that it is advisable to have a full circulation during a renal
transplant to fill the new kidney, which, in a child is usually relatively large and to
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maintain a rather high venous préssure (10-12) to prevent kinking of the venous

anastomosis. It is not possible to put an exact figure on the extra volume of fluid
necessary, but is in the order of 10-20% extra.

The concept of tonicity is explained in the enclosed paper
Acquired Hyponatremia” Isotonic: Fluids having the sam
cellular fluid have 154mmol/l. In this respect dextrose/sal
the body, but as soon as it is given intravenously,
1s rapidly metabolised, leaving just water.

“Prevention of Hospital-

€ tonicity as the intra-

ine is isotonic when outside
it becomes hypotonic as the dextrose

The comment by Moritz and Ayus is not actually polarised in my opinion, but stresses
that problems can also occur if

other solutions are used. They stress the need for
monitoring of sodium levels.

Point 8: Monitoring signs of pulse and blood pressure were fine, but the CVP readings

were not. Again, this relates to the fact that it was assumed that the initial reading was
erroneous and was therefore used as the base-line. | -

I hope this is satisfactory.

Please come back to me if you have further questions.

Yours sincerely

Edward Sumner
Consultant paediatric anaesthetist

AS - PSNI 094-004-015



i
¥ .
b
|

}

L P '“—* _ -

Volrk ok e . - SN gma s -

F e
N - ‘ol
Mam | R
o, it . '
1 -
‘ Prevention of Hospital-Acquired Hyponatremia:

e

A Case for Using Isotonic Saline

1
h

Michael L. Moritz, MD", and Juan Catdas Ayus, MDY

ABSTRACT. Objectivr. The cumrent standard of care
e pareateral Suids. Toe 200 of s sppomh b

Methods. A review of the Literature reveals that the
administoation of hypotenic Buids is potentially danger-
ous and may not be physiologic for the hospitalized

Rcm!m There have been >50 reported cayes of neo-
miagumnrbid.ihrm&mml‘iqr,indudhgzﬂ deathe, in
the pasf 10 years resulting from hospital-acquired hypo-

natremia in children whe were receiving hypofonic par-

enteral fluids. Comunon childbood conditiens requiring
parenteral fluids, such as pulmonary and central nerveus

system infections, dehydmation, and fthe postoperalive

state, are associabed with a nonosmotic sfimulus For an-
- Gdsuretic hormone production, which can lead fo free
waler cetention and hyponalremix, Children are al Dar-
tendarly high sisk of developing symptomatic hypona-
bremtia as they have a larger brafn-to-skell size ratio.
c;_!cmcfnsimx. The admigistration of tsobonic saline in
Mmainienance parentenal flyids is the most important pri-
phylactic measure that can be taken fo prevent the devel-
opmen! of hyponstremia in children who meeeive psren-
teral f{luids, Pediatrics 2003:111:227-230; hyponatrensa,
child, treatmers, fTuid, ntrapenows, encephatoprthy.

ABBREVIATIONS., ADH, sntidiustic hormone: SIADH. )R-
drome of insppropriate secretion of antidiuretic hormone.

From ibe "[hivigkn of Neghuology, Departavent of Pediatrics, Ondldren’s
Haspiead of Plrsbargh, University of Fitbburgh School Medicing, ' Pitk.
urph, Fenngyfvanis; and 0rpartment of Medicine. University of Texas
Heatth Sciwnce Cowver 2t 534 Antania, San Antonis, TexS. |
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¥ the basic principles for prescribing maintenance

parenteral fluids in children weer laid down in

f::i 19405 andd 19508 and culminated with Hol-
iday and Segar’s landmark paper in 19577 describ-
g a simple formula for determining the mainte-
nance riged for water in childeen ard recommending
the use of a hypobonic saline sofution, equivalent to
0.2% sodium chloride in 5% dextrose in water. Sinca
that time, recommendations for prescribing mainte-
nance parenteral Auid therapy have remained un-
changed.* Althoupgh Hoiliday and Separ’s formula
for determining water peeds clearly has passed the

test of fime, their recommendations for prescribing

hypotonic saline need to be reassessed. Incniasing
evidence has shown that hypotoni maintenance flu-
ids can lead to polentially fatal Kyponatremia in
cases of excess antidiuretic hormone (ADH) produc-
tion># Although it is well-established that isotonic
saline should be used for fluid resuscitation in chil-
dren 10 raise circulatory, volume while preventing
the development of hyponatremia,” it has aof been
an accepted prachice to use isotonic saline as a2 main-
terance fluid. We review the ovidence supporting
our view that isofonic galine should be used in favor
of hypotonic saline in maintenance fluids in hospi-
talized chiidrer, who are prone to have ap increase in
ADH production, as this is least kkely to resull in
hyponatremia.

WHY HYPOTONIC MAINTENANCE PARENTERAL
FILUIDS ARE CURRENTLY USED

Maintenance needs for water in children have been
shewn to pacallel energy metsbolism. ' Mainte-
nance requirements for electrolytes are less clear.
Holliday and Segar’ conceded this point, wrtting,
"With respect o maintenance needs for electrotytes,
less precise data are available and Hgures consicer-
ably in excess of minimum requirements are read iy
handled.” In 1953, Talbot ot al*! recognized the po-
tential danger of administering hypotonic fluid in
siates of ADI oxcoss, slating thal {he “admangiras
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reported in numerous conditions b primanly af-
fecls children with cessiral pervous system and pul-
monary disorders and as a side offect ol medic  ne

ion of dex{rose in waler solulion atl a rale of more
- $han approximately 1100 ml/ M7 /24 has may induce
watcr intoxication”™ and that the “risk of water intox-
ication may be reduced to small proportions by tht  Many commaon childhood conditions that « Qe
administration of 100 or more mosm of Orgatuc sob-  parenteral flulds cause SIADH, such as PRCUmo-
"o ute to eaeh hter of solution.” The-safety of sdminis-  nia ¥ bronchiolitis,’® asthma,’” positive pressurs
tering maintenance hypotonic phrenteral fuids has  ventilation, CNS infections,'® and head trawma,'?
ncver been evalusled prospectively, and Holliday  Other stimuli for ADH release that can lead to hy-
and_JSegar noted that approximately one third of ponatremia in children are emesis, pain, stress, and
children and adults receiving parenteral therapy had ia*® There are many clinical settings where
LirEmary concentration cuteide of a desirable _iragge; S dren are at rizk for developing hyponatremia as 3
The primary basis for'the rurrent recommiendation result of nonosmotic stimuli for ADH release (Table
F prescribing 3.0 and 23 mEq/ 100 keal 773 hsodium 1) . , *
NG potassivm, respectively, in mainltenaros Huids i A commor reason that hospitalized childres o
ghly reflects the eleciroivie composition oeive patenteral fluids is to lreat tsolonic dehydra-
st and covwy milk -39 Thig electrolyle compo-  tion, Although isolonic saline is recommended for
sition witl alen result in'a urine esmolality of approx-  acute volume expansion, hypolonic fluids with
imately 400 mOsm/ka /H,0, which was belisved to  0.45% seclivm chioride are corrently recommendnd
De ideal, as it is between the range of urindry con-  for the remainder of the deficit thempy. ® Volume
centrating capacity.!! Although it has been weéll-es- depietion is & potent stimulus for ADH production.
tablished that isotonic siline could be lerated with-  The administration of hypotonic fuids to-children
ontany adverse effects; the usé of isoboniic saling hag  with dehrydration can result in acube hyponatremia
been avoided ko prevent excess urinary waber losses secondary to free water retention.Z Hypotonic fiuids .
ins conclitions with mpaired rerial concentrating abil-  ageeven mmmmdadasrrmwra! Auid therapy in
. | _. S Pyl LT Sﬂ&l :M-ﬁil:ll!!ﬂ &'e‘qmﬁ?

appropriate for the healthy child, they may notapply  stimaki for ADH production, and the admindstratio
to i1l children; who are much more fikely to have & of hypofonic finids can lead to worsening nencologic
O rodurts le.1). deteriomatio n secondary to the development of hypo-

. Biuialadaalis ; ANESE recy MMM-&&, naﬁ'ﬂnia.
f -‘H'Wﬁinm?ﬂfﬁﬂfappma__ preciated:

jf -1t was not yet foll * t sany conditions Postoperative children are at especiilly high risk
4 could lead o impaired free waler excretion a5 a-  for developing hypouatremis, and there hawve been
B result of ADH excess, K is vur-intent fo-alert physi- many associated fatalities 347342 Contibuting fac-
B cians to the potential dangers of using hypotonic  tors to hyponatremiz in the postoperative. setiing
ji mamtenance Ruids in elifldren who may Have an comprise -2 combination of nonosmetic stipuli for
R impaired ability to excrete free water; as this can lead ADH release, such as subelinical volume deplefion,
cto-chinically significant -hyponatremia. pain, nausea, stress, edema-forming conditions, and
, o the adminisfration of hypotonic Auids. The posiop-
HOSFITAL-ACQUIRED HYFONATREMIA erative nonosmotic stirnuli for ADH release typically
In 1957, the same, year that Hollidey and Segar  resolve by the third postopenstive day but can Jast
publiskied their paper oiy maintenance water needs,  unél the Fih postoperative day.’? The most lmpor -
Schwarlz et alf 2 desceribed the first case of “the syn-  tan} factors that Iead to postaperative hyponairemia
drome of ;nappminﬁai@é secretion of antiditeetic hor-  are the faihye to recogniize the compromised ability
mone” (SIADHLY SIADH is a disorder that can lead  of the patient {0 maintain waler balance and the
e hypanamaa as a resilt Of the ponphysiologic  sdminfetration of hypobonae fluids, ,
secretion of ADH, which leads ¥ free water refention There have been >50 reported cases of neurologic
followed by a natriuresis that maintains fuid balance marbidity and meortality, induding 26 deaths, result-
al the expense of serum ostolality. SIADH is 1 of the ing from hospital-acquired hyponatremiz in children
oSt COMmMon causes of hyponatremia. in both chil-  who werm reces ving hypotoric Tuids 53526 -2933-5
dren and Fdilis in d-hospital setting. It has boen More than hall of these cases cccurred in the posi-

-

TABLE L. Clinical Settings of incoraseed ADH Redease in Children

Hemoedyriamic Stimuli for ADH Release MWonhermodynamic Stimuli for ADH
{Becrpased Effective Cinculstion Volume) | Relfoage
Hypovolemia : Lentral nervous system disturbances
Nephrosis v Mesinpiie, encephalites, beain tamors,
Clrrhosis - | | head inpury
Congestive headt failare Pulmonsry dissase
Hypoaakdosieronjsm Prewmoma, asthma, bronchioligis
Hypotemsion: - Cancer
Hypoalbusninemia dediza ions

Cytaxan, Vane nstine, Morphine

Maguea. ompss, pain, stiess
_ Postepecadive siafc o
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TABLE 2
 Intravchpme Flojd

5% Dextrnse in water

. 8.2 Socfivm chinside in ﬁﬂ; dectrmbie in water |
* % 8.45% Sodiam f;hﬁe:ﬁdj_ 113 % destrose in waler

tiviated Ringer's
3% Dextrose Lactatel Ringer's
0.9% Sedium diloride tn 5% dextrose in waler

af § mEqSL

Fieeirolyio-Froe Water in [P r&a!em!_ Fluasds .
| Sﬂﬁﬁﬂm . |

(mEq/L} (miQemn Mg M EEOS
e e

Sﬁ'era;;w setting in previously healthy children who

underwent minpr surgery. Arieff et aP reported on

16 praviously. healthy children who died or experi-

enced permanent neurologic damage a8 .8 result of

'i}fmnaﬁe_ﬂﬁcm@haf .
Wpotonic Auids after minor surgical procaduies or
for the- treatiment of common childhond infections.
Mcjunkin et aPP and Moritz and Ayus naied that the
nugor factor that resalts in neurologie deterioration

in chdldren with La Crosse encephalitis was mild

ﬁ?pnm&mﬁadw&opmg relopin m%-aﬁﬁﬁ&'&mﬁﬂ
hypotonic fuid: Halberthal et al* reported on 23
Cipdren, without an underlying disease that im-
pawed water handling, who developed acute symp-
ziremia after the adm"'lzﬁﬁmﬁmvfhy-

tarmatic hyporat ..
potanic finids. Hyponatremin in these cases seemeéd

-

te-be attributable foa combination of hypotonic fluid:

admirdstration ‘and ADH excess. The a v authors
and  Others?%3% have cautioned #gainst the rootine
use. of hypotonic maintenance fuids in’ children:

Lhildren are 4t particularly C develop:
ing symptomatic hyponatremiia as they develop hys
ponatremic encephalopathy at higher serum socium
oncentrations than adults and have 3 poor progno-

#isif timely therapy is not instituted, This seems lo be

attributable. io the higher brain-to-skull size ratio in
children, which leaves fess room for brain'expan-

siar2¢ Children dchieve adult brain size By B yeacs

of age, whereas full sll} size is not actieved until 16
years of age. Female adolsscents may. alse be abin-

creased risk of developing hyponatnsimic sncepha.

Iﬂﬁiﬂm 25 women -of. reprodoctive age are =30
tines more likely o develop hyponatreinic enceph-

opathy svon after receéiving.

high risk for develop:-

alopathy . than are men, as 3 result -of diminished.

ability to adapt 1o biyponatremia by decreasimg brain
voitirne 3637 o

Hf}"pﬂnatmmig shcephalopathy can be difficuit to
recognize in children, ag the symptorne can be vari.
able and do. nol correlate with either the serum so-
dium concentration or the mpidity of developmént
of hyponatremia.® The most consistent symptoms. of
hyponatremia are headache, nausca, vormiting. emé-
sis, and seakness. Advanced symptoms are signgof
cerebral herniktion, with seizures, respiratory arrest,
noacardingenic pulmonary edema ¥ dilated Pia=
plis, and decorticate posturing ? F
Tryyponatremic encephalopathy and initialp APRIOpei-
e therapy will resull in g poot neurelogic ouls
e 2%

ailure to recognize

Lrsrmmlaket ¥ % Eiccirolyie-Free
Waier®

& 252 100
M YH 7B
7w 5
130 73 13
130 545 b
154 60 G

- Hase ._i:q_a:a sﬁdium.p»]gs potassium. concunigation in ﬂw: aquecus phase of plasia of 15 mEBa /L,
assurndsg that plasma is $3% water with 3 secuim SERINRAE {40 m B4/ L snad & potassivm cancentration

WHY [SOTONIC MAINTENANCE PARENTERAL
~ FLUIDS SHOULD BE USED

The administratian of isotonic mainienance fluricis
i the most important prophylactic measure that can
be taken to prevent the development of hyponatre-
miz in childrenwho afe receiving parentsral fuids,
Commonly used intravenous fAaids have .a signifi-
cant amount of free witer that can contribute to
hypanatremia - (Table 2% therefore, they shoold be
used with caution in maintenance Auids, o mix in.
travenous.medications or to keep a vein open. Even
ARuid is.administered in the presence of 3 fixed urine
osmplality with -Empalted urinary lution ™ If sn
tered in o tate'of excess vasopressin; such as SIADH
orthe postoperative stale, for which the urine asmo-
lality-may be'fixed at 500 mOsm/kg/H,0, then a
natriuresis that“will result in the generation and re-
tesition: of free water and the development of hypo-
ratremia will ensive: An isotonic solution will have
approxisiately. 154 mEqg/L monovalent cations; so-
dimiplus potassiium, as the average concentration of
sodium phug pofassium in thé aquepus phasée of
plasma is:154 mE4/L. Although 1o 1 fluid rats or

vomposition #jﬂ._be-séppmpﬁatg for alf children, iso-
tonic saling in 5% dextrose in water seems to be the §
vitalized pa- -

safest’ i coraposition in mast hosp

tients, If potassium chloride is'to be added to the

parenteral fluids; then the sodium cententration can
be, lowered propartionally to maintain tsotonicity.
Lactated divgers with 20 mEq/L potassiuny chloride

in'5% dextose. in- water would also be an isotonic

fluid. Physiciing must asséss children carefully 1o
choose the mgst - appropriate parenteral fuid rate
and compositién before initiating therapy, The ma -
tenance Euwl requirercnis of the tern and preterm
neonate miay differ from the élder child a5 a result of
uniqie physiclogic issues, and our reconumenda-
tioms: do not extend 1o this group of patients. Chil-
dren with ongoing free water losses or a free water
deficit will require 2 more hypotonic fluid. In chil-
dren with illnesses that can lead to fluid overioad,
such as nephrosts, cirrhosis, congestive heart failure,
and glomerulonephritis, both sodium and fluid re-
shnction is of parmmeount im portance 1o aveid wors-

- ening fluid overload and the development of hypo-

natremia.. Hespitalized children who are reCeiving
parenteral Fheid fheras Py should be considered at risk
for develeping hiypenaticmia and ronstared closely
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through dary weights, fluid balance, b-lcmd Pressure,
xwerving for signs of cdema, ard manitoring the

serum sodium concentration, Isammrsahm seems 1o

be the preferred fluid for administration to hospital-
ized patients, asthey are at high risk for developing

" hyponatremis a8 3 result of fac'tmﬂ“hai tead 1o ADH
LTX0ES.
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Maoritz and Ayus! 1o aveid other £rrors in fluid thep.

uid Th_-eg-ap}-r‘? ""-aqbur recommendations are broader than those of
M anagement | . apy. These errors include hypernatremia, madequate

Reducing Errors in FI

expansion of BECR in dehydration and shock, ang
- Gross overlead of drculation in palients whese pre.
- scriptions are not properiy indexed to the patjent's

» ' | - 522 or clinical state.

; ~ J 'he artide by Moritz and Ayus in this month's Hypernatremia. like hyponatremia, is 5 canze of

! _ . issue of Padiatriss! noted errors in (kuid therapy  brain injury and death.’ The common cause of hypo-

' ' uging h remiz, brain  nalremia is excess salt intake. Ee_t:auseh DefTutremia

managemen! rs ypona : EXCESS |
damage, snd death i previously well children whe it reported in duldmn with sodium chioride

hadbaea haspitalizved with an acute

235,

BBREVIATION, ECF, extracelludar fluid.

r

;.

A _ R - . . 5 . r ¥
e 2 e vt SR
5"&“5“1 Pecanse of eritiomal st fo TARRBE o e lation, These regimens more quickly

geTy. Some have plagma dislocated o mtexstitial  pagents needing fluid therapy loday are more
frud from ACCOMpanying inflammation, whergas Likely to include childrer with chronic disease: bron.
others have Ipssas of extracelindar fluid {(ECF) or 2 chopulmonary dysplasia, asthima, congenital hegrt
prolonged period with little or no tntake. These  disease, and renal tnsurfficiency. These patients have
factors elicit a PONOSTOHE ghimulus to antidittretic  lower tolerance for excess water or saline,

hormone secretion that uUnpairs free water clear Toe maintenance regimen we pmpmseg iy 19572
? ance,! making these children vitinarabie to hypg- indexing maintenance fequirements to estimated cal-
' one expenditare antedated e introduction of

nalremia. Sanddath ' g -
| e b s ExE: | s o f rapid ECF expmim Omi rehydration therapy,

: ainimizine thie the tﬁum of intravenous fluid therapy.—often to
wrﬁa 20 f,_? 4& W_‘L’{kg (9% sdiine, ng his less than g day. However, for those needing paren-
Practice would continue fhe infusion of 0.9 saline ::r%:ngsjint?:iz ?5 fi En:r:;_r;gr:r Peﬂﬁdﬁ' the: original
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fluid therapy continue, | tess losses of body fluids are appreciable.
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natremia. They sel standards far rapid ECFE expan-
1 when that is indicated and lmit overload that
.uses pulmonary congestion. Thdse principles are a
saier preventive for hyponatremia than using 0:9%
saline for maintenance therapy.
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HYPE JUMPS AHEAD: OF EVIDENCE

.. Medical practice, as it 5o often does, g6t ahesd of medical science. We madse
observations and developed hypatheses—snd then forgot to prove them. , . There
i3 & tendency, driven by wishiful thinking Zombined. with good marketing. and

- . oa

media hype, to jump ahead of the medical Svidencs.™

Love SM, Preventive medicine, propoty. practiced. New York Times, July 16, 2002 *
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