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Objective. The current standard of care in pediatrics is to administer hypotonic saline
in maintenance parenteral fluids. The safety of this approach has never been

evaluated.

Methods. A review of the literature reveals that the admimstration of hypotonic flmds
is potentially dangerous and may not be physiologic for the hospitalized child.

Results. There have been >50 reported cases of neurologic morbidity and mortality,

including 26 deaths, in the past 10 years resulting from hospital-acquired
hyponatremia in children who were receiving hypotonic parenteral flmds. Common
childhood condltlons requiring parenteral fluids, such as pulmonary and central
nervous system infections, dehydration, and the postoperative state, are associated
with a nonosmotic stimulus for antidiuretic honnone productlon which can lead to
free water retention and hyponatremia. {Children are at partic icularly high ;nsk gf
‘developing symptomatic hnaaas they have a Iarger brain-to-skull size 1

Conclusions. The adminis _
the most importan t prephylactlc measure that can be taken to prevent the development

of hyponatrma in children who receive parenteral fluids.
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paper ind descnbmg a smlple formula for detenmmng the maintenance need for
water m ch11dren and recommendmg the use of a hypotonic saline solution, equivalent

b D.2% wodinm chioride in 5% dextrosein swater. Since that time, recommendatlons -
for pres cnbmg maintenance parenteral ﬂmd therapy have remained unchanged.
Although Holliday and Segar’s formula for determining water needs clearly has

passed the test of time, thelr recommendatlons for prescnbmg hypotomc saline need
SR st £ (3 RO TALE 2 i 3 § b o 4V ¢ I ERA :E.::E#'ﬁ!f" i§ ¢ v ﬂmds

used for ﬂuld resuscnatlon in ehlldren to raise circulatory volume while preventing
the deveIOpment of hyponatreqn a,- 1t has not been an accepted practlce to use 1sotonic

RF - FAMILY , 068B-017-128



1 el T T, S e LT U T TR TR e TR AT T TR Ty e e T AT R TR - - =

Maintenance needs for water in children | A ABSTRACT l

have been shown to parallel energy | aINTRODUCTION
metabolism.21® Maintenance | » WHY HYPOTONIC MAINTENANCE...

requirements for electrolytes are less | vHOSPITAL-ACQUIRED HYPONATREMIA |
1 »WHY ISOTONIC MAINTENANCE...
_ 1’

clgar. Ho!l?day anc_l Segar’ conceded this | vREFERENCES
point, writing, "With respect to _
maintenance needs for electrolytes, less e e
precise data are available and figures considerably in excess of minimum requirements
are readily handled." In 1968, Talbet et al'* recognized the potential danger of
administering hypotonic fluid in states of ADH excess, stating that the "administration
of dextrose in water solution at a rate of more than approximately 1100 mL/M?/24 hrs
may induce water intoxication” and that the "risk of water intoxication may be

reduced to small proportions by the administration of 100 or more mosm of organic
solute to each liter of solution." The safety of administering maintenance hypotonic
parenteral fluids has never been evaluated prospectively, and Holliday and Segar

noted that approximately one third of children and adults receiving parenteral therapy
had urinary concentration outside of a desirable range.

The primary basis for the current recommendation of prescribing 3.0 and 2.0 mEq/100
kcal/24 h sodium and potassium, respectively, in maintenance fluids is that this
roughly reflects the electrolyte composition of breast and cow milk ¢ This
electrolyte composition will also result in a urine osmolality of approximately 400
mOsm/kg/H,O, which was believed to be ideal, as it is between the range of urinary
concentrating cap:acity‘..ll Although it has been well-established that isotonic saline
could be tolerated without any adverse effects, the use of isotonic saline has been
avoided to prevent excess urinary water losses in conditions with impaired renal
concentrating ability and to prevent the development of postoperative edema.? ™
Whereas these recommendations may be appropriate for the healthy child, they may
not apply to ill children, who are much more likely to have a nonosmotic stimulus for
ADH production (Table 1). At the time that these recommendations were made, it was

not yet fully appreciated that many conditions could lead to impaired free water
excretion as a result of ADH excess. It is our intent to alert physicians to the potential
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In 19573 the same yeéar that Holhday and ‘ AABSTRACT

Segar published their paper on | aINTRODUCTION
maintenance water needs, Schwartzet #-_______WHY HYPOTONIC MAINTENANCE...

| - HOSPITAL-ACQUIRED HYPONATREMIA |

al'# described the first case of "the - |
1 »*WHY ISOTONIC MAINTENANCE... ;
syndrome of inappropriate secretlon of | REFERENCES = I
: e bt e BV P b |

i}

antidiuretic hormone” (SIADH)

SIADH is a disorder that canlead to = L. o
hyponatremia as a result of the nonphysmloglc secretion of ADH Wthh leads to ﬁ'ee

water retentlon followed by a natriuresis that maintains fhnd balance at thf,: expense of

but pnmanly affects chlldren mﬂl_{cedntral nervous system and pulmonary disorders
and as a side effect of medications. Many common chﬂdhood conditions that require

parenteral fluids cause SIADH, such as pneumonia,* bronchiolitis,® 16 asthma
positive pressure ventilation, CNS infections,™ 1% and head trauma.*? Other stimuli for
ADH release that can lead to hyponatremia in children are emesis, pain, stress, and
hypoxia.Z2 There are many clinical settings where children are at risk for developing
‘hyponatremia as a result of nonosmotic sttmuli for ADH release (Table 1).

A common reason that hospitalized children receive parenteral fluids 1s to treat
isotonic dehydration. Although isotonic saline 1s recommended for acute volume
expansion, hypotonic fluids with 0.45% sodium chloride are currently recommended

for the remainder of the deficit therapy.% Volume depletion is a potent stimulus for
ADH production. The administration of hypotonic fluids to children with dehydration

can result in acute hyponatremia secondary to free water retention.= - Hypotomc fluids
are even recommended as parenteral fluid therapy in children with meningitis. = 2 Such
children frequently have dehydration in addition to other nonosmotic stimuli for ADH

production, and the administration of hypotonic fluids can lead to worsening
neurologic deterioration secondary to the development of hyponatremia.

| Pﬂsteperativc children are at especially high risk for developing hyponatremia
there have been many associated fatalities. 3112430 Contributing factors to

; hyponatremla in the post0perat1ve setting comprise a combination of nonosmotic

' stimuli for ADH release, such as subclinical volume depletion, pain, nausea, stress,

edema-forming conditions, and the administration of hypotonic flmids. The
postoperative nonosmotic stimuli for ADH release typically resolve by the third

postoperative day but can last until the fifth postoperative day " he most important

factors that lead to postoperative hyponatremia are the fatlure to recd nize the
inistration of

-;-compromlscd bility of the patient to maintain water balance and the ac
hypotonic fluids.

There have been >50 reported cases of neurologic morbidity and mortality, including

26 deaths, resulting from hospital- qulred hyponatremia in children who were
receiving hypotonic fluids.” 32.12.26-22.3173% NMore than half of these cases occurred in the

postoperative setting in previously healthy children who underwent minor surgery.
Arieff et al® reported on 16 previously healthy children who died or experienced
permanent neurologic damage as a result of hyponatremic encephalopathy soon after
receiving hypotonic fluids after minor surglcal procedures or for the treatment of
common childhood infections. McJunkin et al® and Moritz and Ayus® noted that the
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major factor that results 1 neurologic deterioration in children with La Crosse
encephalitis was mild hyponatrenua developing after the admimstration of hypotonic
fluid. Halberthal et al* reported on 23 children, without an underlying disease that
impaired water handling, who developed acute symptomatic hyponatremia after the
administration of hypotonic fluids. Hyponatremia in these cases seemed to be
attributable to a combination of hypotonic fluid administration and ADH excess. The
above authors and others®®2 have cautioned against the routine use of hypotonic

maintenance fluids in children.

Children are at particularly high risk for developing symptomatic hyponatremia as
they develop hyponatremlq encephaJOpathy at h1 gher serum SOdlllIIl concentratlons

<§=— Chﬂdren achleve adult bram size by 6 years Of age

“whereas full .-1 size is not achieved until 16 years of age. Female adolescents may

also be at increased nisk of developing hyponatremic encephalopathy, as women of
reproductive age are >30 times more likely to develop hyponatremic encephalopathy
than are men, as a result of diminished ability to adapt to hyponatremia by decreasing

brain volume.2%3

Hyponatremic encephalopathy can be difficult to recognize 1n children, as the
symptoms can be variable and do not correlate with either the serum sodium
concentration or the rapidity of development of hyponatremia.® The most consistent
symptoms of hyponatremla are headache, nausea, vomiting, emesis, and weakness.
Advanced symptoms are signs of cerebral herniation, with seizures, respiratory arrest,
noncardiogenic pulmonary edema,>? dilated pupils, and decorticate posturing.>
Failure to recognize hyponatremic encephalopathy and initiate appropnate therapy
will result in a poor neurologic outcome. 342
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The administration of 1sotonic maintenance fluids is the most important prophylactic
measure that can be taken to prevent the development of hyponatremia in children

who are receiving parenteral fluids. Commonly used intravenous fluids have a

Y
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. ree water that can contribute to hyponatremia (Table 2);
therefore, they should be used with caution in maintenance fluids, to mix intravenous
medications or to keep a vein open. Even isotonic saline can lead to hyponatremia it
excessive fluid is administered in the presence of a fixed urine osmolality with
impaired urinary dilution.?’ If an isotonic solution of 300 mOsm/kg/H,0 1s
administered in a state of excess vasopressin, such as SIADH or the postoperative

state, for which the urine osmolality may be fixed at 500 mOsm/kg/H,0, then a
natriuresis that will result in the generation and retention of free water and the

development of hyponatremia will ensue. An isotonic solution will have
approximately 154 mEg/L monovalent cations, sodium plus potassium, as the average
concentration of sodium plus potassium in the aqueous phase of plasma is 154 mEq/L.
Although no 1 fluid rate or composition will be appropriate for all children, isotonic
saline in 5% dextrose in water seems to be the safest fluid composition in most
hospitalized patients. If potassium chloride is to be added to the parenteral fluids, then
the sodium concentration can be lowered proportionally to maintain isotonicity. |
I actated ringers with 20 mEq/L potassium chloride in 5 uld
eral fluid rate and compos 111

'L_:'_,g,'
4

significant amount of iree

. [ . - ' a r -

aintenance fluid requirements of the term and preterm neonate
older child as a result of unique physiologic issues, and our recommendations do not
extend to this group of patients. Children with ongoing free water losses or a free
water deficit will require a more hypotonic fluid. In children with ilinesses that can
lead to fluid overload, such as nephrosis, cirrhosis, congestive heart failure, and
glomerulonephritis, both sodium and fluid restriction is of paramount importance to
the development of hyponatremia. Hospitalized

> T
t L [
q H
. . o ' 3 - .
:- W ) . . i ! _ S . . : L . .
- . h . . .
== - . =11 - . : LE T AR - - S S - .ot - . e . e i e ! STl 2 o) [ il w e p e e ORI -
I . AT L Yr -"'--!"".:‘.'-"I-;" e ot -..‘; " :-I'-:""hr"-'l'h-- B g AP : A e - MU SR 2__;__.._._.._- L ARt MLl Pl i
a . . .o - . - L] - . ML - . n . . B -t - .- . . = s T . H . b R . H "
. ' e L S S L, L P Lo :u:."\-::'l . ) o e ‘.:..I .____. ok . . .1.-. . " - N Le T = LERN LRL I T B N L LY ] i t:-q:- ' i, i
. - L]
- - ; D™ . ] Lo :
- = ; L (R - 3
X 3 & ] .3 ] N r B 'I'-.1 - " L B

a Y A

L
oo ,5 Y 5 -t ' [ ] L
: ' - 4 b . ey T : ' B
" AR BN Y I e S ¥ g
" . o -_ ) = ST T e ] T T TR AT . P JRTR ' * a
» - -
b o v -d = . '
el 7 y .
r. ch &y 0 4 .E

SRy I RS L L LU CER T Y Y LR TN TRI D T I' P T R WY JPpE '---""..‘_'-'-',.' Le L it w et UL ','::_-_ ._'-.:' '._-_._ 4 -r .'..“'.._-:'... _'-_.
et "o b .- LT P T L [ R ’1_" L N A LI SR PR P BT S R R T - L L L L T - - F AR L . el
- - - - e L . - i 1.“'.. K N : .I'l —_— .-: . F..:., W = ‘.1..:- ‘. -l , oy "‘I'... - Il..rl-::l. . . E R SRV . ..'..: n
. . -: . y o N A N - " =7 , ' o a ! e . -t 2 1 ; a7 rl
iew this table: TABLE 2. Electrol ree Water in Parenteral F L
. ! N ! . T ' LI ! S IE ' r ' .t - ' ' T ' " r I, dvr L . H " oo T .
- . e L . T I-._'_l-._ LA '.-._-'-' e e T e b - St ;_ .:.'.' ". _:: - -'I-.a-..' '..'lr T "1'TI. - N 'I'-. L L 4 '...,a_ LT A '_' |:| ; '.._ . P A %, -F ._I'..r I*I.': . I-J-: N e -_ Y -._':_-’J‘_- - _-':‘_:r:,'-.:_" ".I-. p ._;_ ;..'!'_-_-_- -._-- Comat. -
- . > ve 'n.-_', |'._.:| L . . 1 . ..I|. :: oo -._-. .. . o (R ' e .o ___-l‘. . : :l-l_ , CAa ol "|-.._ I'.- .1‘-.. .;I:I;. _..: -lr r: - -_-. ., -..--_: A _:‘_ . . . -I- AT B .?. " -..r ' -..':. e LI . - -..' . ] '_.-JI- ..-II._. -I _1:..'... 5 _r.-:': . I"_l \ ' _'_.E s _”n,'_: ::
N H - . ., . . Lo -1 .- _ | - . . . I-I.. I . -. ] P - P | ) - it r|._ v L.t - L. .'_r - ., P -, - i .- s -, - .. . s T -y | . - . LI _._... Dl - ) ' . ._- . . . e
1I I t ! : ‘ i FlI] ‘ )1 ! F [N O . _'-_-: . _"u_ :, . - LN T Lo, . - - - LR L T T i|- e LT . . - . LT _" .I' I . - T - B A I._-' Lm0 ..-_l'__ N oo '
- . - - ' P L - . . - . T -t b 1 L] ] "y r . ' 1 4 [ - a . L '
- = . T .-.- P = o .- L I T t oA e L " ar ' ' . ! " o ' " K o ' "r o ;
- . — — . o S - - l- Lo _-L.. e e ._.. . B .. L ':.-'_ - - JPT L o L ; Lo ' ) L ; : s .-. S e ; 4 O !-l ',
: . ' . L ) L - t r . T r: ! . " W . .'I ' - . . ; . "l ) L .... ’ CLd " - . o .. - T LI - . ' - . .= . ! o e T e -. ' L= ) L L .
' . . .I l... . _-'_ . ] . .- . . ) . - . . _-. ) ... I--_ ) .I. , bl r. . 1. I ._ . I - . .. __ I . . . - = .. . . . ; ._ .. ) R ... - .. . \ ... . . . 1 lu . .. . .. . - . . . .._
] . ] -.- . ] - . . e .l . - e . s . FIE - . ; L] ' :_-'IP. . . - . . . -7 - . - , . . - - , . . ] R . } .. 1 . . . - .
' Vo . ' - o= . R . .- =, - . ' LR . . . . ' oL ' ' - . Lo : . PR H . . '
R R ceaonn L R L T T L . . - C el o, . . I e o g . .. . . ' . \ o ; . ' . , '
R T ST . R T T T TR S A NP P . o . . . , . : .
'_ . . |_I._.. C T ! ., '.-:_I IR -. H ) ..--_- '-_-,_ .. . -.:': T I.'__.'l.. -t " . " T ..'..‘ . w - B . . ' H N n . o -: . . L. . '
. 'lu"' i - . [ T - e " "= P .. . I_'n_r-;-u - . - . P LI H Lo | . My .y : r ue . " RN mt -’ ! L LI ot ! S ' 4 omd |II' oty ' 11 ' LI -

>

We thank Demetrius Ellis, MD, for editonal comments.

RF - FAMILY 068B-017-132



Ae L

Received for publication Mar 25, 2002; accepted Jul 8, 2002.

Reprint requests to (M.L.M.) Division of Nephrology, Children’s Hospital of
Pittsburgh, 3705 Fifth Ave, Pittsburgh, PA 1~5213—_2538. E-mail: moriml(@chp.edu

= = = gl gy = e gt N RN AR | NAEE P T N —— | e iy N R AN W o e A, A e

éATOP
SABSTRACT

1 AINTRODUCTION
| aWHY HYPOTONIC MAINTENANCE... |

:

| aHOSPITAL-ACQUIRED HYPONATREMIA
| aWHY ISOTONIC MAINTENANCE...

- REFERENCES

FoT—— e P VL P
BN, e omoa by I T O T

I|- I-. . .‘l-r L] . ." I-I.l.:l_. _"r'.".'r“'--..- 'i..‘; e b .‘ -'_‘1
' 2 L = . LRI ER -y ' [ [ an . . r
LI | P -.-..-.__F (AL r,.l 5-‘::'-.':'.'-1':"'"1. ':.'," r‘.ﬂl:, :T-:":'I" .t L ATy

Fa . ] . —— = t . Iy . il o PE—— - " n .
A ' i b . N T T P ' T T . T T A B L. TR L S L N S LY N R E -
o Lt e :."I - --".--|.:"""I Lot ':-l"..-r li-Flf'r B T P L B R i, SN TR i Rt e B L 4 ‘r'l'gllli-' T -+ 1. I|"'T-..'“_ i .'1':: 1""'.--L*-‘"j - 1-""'-?' ST ;'-"'.r"-':'." '-'IJ.: Al
' rk L ] rmp Far T PRAFEE-TA L R | IR w : P S e fwoor) . ] wla e N N P il ' P I-
' et . N .Fll,!. H=—. N Seine - g Tl oar T R a Faor et laa e [ R o LR ey P, W L -a P L R A o a L] 33 LU
! - ..I.I- e .r Dk o I : ."" 1" - {i':'l":-"'i"_.. cu Tagn -'-Il':"ﬂ-'nt,a'l. ..‘_II -#:-'il'\-."\-_?ui,-'r'_.: tm oy .'-T‘-'-:.: all'."-_i':."--q :r.-.=. AN ‘._'. "'r;.a""-_.'_-'q.‘“l..-"l-.f.,;.‘ . I 'I.'..-k'ﬂ wr 1'.“.' el -.-“"F ) ar
M- a . - 1 I R L [ - ' by L. - ' v ' LT b
X CERDET N O Sl e T4 AT R T T T e T R A R o W R B i e i L e EE i e
. LRI T l‘. 22 e - h Taa - - 1"1 ".., k=" £, - -4 ra 1 ra._-.'..'l""' -.:.-.;r' T A ] -.r,-;.,i-lq_-'-,_r‘:-_, - '."‘-_ cuby T Al ay e e r-l"',-.ll- AT, -
- » ] . .. ] L] o omd . - - . - R I BT R L T o Ar - A . .. LI L} LR | - o = Fl L} ' [ L] L1
Treil e T A T T e T e R R e N L T ey L A L T T L T e s e P gt PR e TR SN L R IR S Pal ol G
g e T Tl L T T U i R R TN T i e e B ey T e LR Lt LT M R N SR
- - . - - - L]
SN v P e e T Tk T~ bl b i P P T I REL R Lo e S I S LI D P I T P g Tt R g e T r1; i T LS
' YL . ' v . - .
r e . V. X e - N P 4 Al B T . B T - S 1‘-"..1". ¥ I KT R l.r ) r"rllll.'h .."".I:‘.l .' it b 2 I'" e :'r'l“ .-
1 . L] L]

1. Holliday MA, Segar WE. The maintenance need for water in parenteral thmd
therapy. Pediatrics. 1957; 19 :823 —832]151]

2. Chesney RW. The maintenance need for water in parenteral flmd therapy.
Pediatrics. 1998; 102 :399 —400[Free Full Text]

3. Arieff Al, Ayus JC, Fraser CL. Hyponatraemia and death or permanent brain
damage in healthy children. BMJ.1992; 304 :1218 —1222[ISI}j[Medline]

4. Halberthal M, Halperin ML, Bohn D. Lesson ot the week: acute
hyponatraemia in children admitted to hospital: retrospective analysis of
factors contributing to its development and resolution. BALJ.2001; 322 :780 —

782[Free Full Text]

5. McJunkin JE, de los Reyes EC, Irazuzta JE, et al. La Crosse encephalitis in
children. N Engl J Med.2001; 344 :801 —807[Abstract/Free Full Text]

6. Moritz ML, Ayus JC. La Crosse encephalitis in children. N Engl J Med.2001;
345 :148 —149[Free Full Text]

7. Jackson J, Bolte RG. Risks of intravenous administration of hypotonic tluids
for pediatric patients in ED and prehospital settings: let’s remove the handle

from the pump. Am J Emerg Med.2000; 18 :269 —
270[CrossRef]{ISI][Medline|

RF - FAMILY ‘ 068B-017-133



8. Wallace WM. Quantative requirements of infant and child for water and
electrolyte under varying conditions. Am J Clin Pathol 1953; 23 :1133 —

1141[ISI][Medline]

9. Darrow DC, Pratt EL. Fluid therapy, relation to tissue composition and
expenditure of water and electrolyte. Council on Food and Nutrition.

JAMA.1950; 143 :365 —373[ISI]

10. Darrow DC, Pratt EL. Fluid therapy, relation to tissue composition and
expenditure of water and electrolyte. Council on Food and Nutrition.

JAMA.1950; 143 :432 —439([1SI]

11. Talbot NB, Crawford DJ, Butler AM. Medical progress: homeostatic limits to
sate parenteral fluid therapy. N Engl J Med. 1953; 248 :1100 —
1108[ISIj[Medline]

12. Schwartz WB, Bennet W, Curelop S, Bartter FC. A syndrome of renal sodium
loss and hyponatremia probably resulting from inappropriate secretion of
antidiuretic hormone. Am J Med 1957; 23 :529 —542[ISI]

13. Bartter FC, Schwartz WB. The syndrome of inappropriate secretion of
antidiuretic hormone. Am J Med. 1967; 42 :790 —806{ISI}[Medline]

14. Wattad A, Chiang ML, Hill LL. Hyponatremia in hospitalized children. Clin
Pediatr (Phila).1992; 31 :153 —157[1SI}{Medline] _

15. Dhawan A, Narang A, Smghi S. Hyponatraemia and the inappropriate ADH
syndrome in pneumonia. Ann Trop Paediatr.1992; 12 :455 —

462[151]{Medline]

16. Poddar U, Singhi S, Ganguhi NK, Sialy R. Water electrolyte homeostasis in
acute bronchiolitis. Indian Pediatr.1995; 32 :59 —65[Medline]

! 17. Burrows FA, Shutack JG, Crone RK. Inappropriate secretion of antidiuretic
' hormone 1n a postsurgical pediatric population. Crit Care Med 1983; 11 :527 —

5331]ISIi[Medline]

18. Cotton MF, Donald PR, Schoeman JF, Van Zyl LE, Aalbers C, Lombard CJ.
Raised intracranial pressure, the syndrome of inappropriate antidiuretic
hormone secretion, and arginine vasopressin in tuberculous meningitis. Childs
Nerv Syst.1993; 9 :10 —15; discussion 15-16{ISI}[Medline]

19. Padilla G, Leake JA, Castro R, Ervin MG, Ross MG, Leake RD. Vasopressin
levels and pediatric head trauma. Pediatrics.1989; 83 :700 —705[ Abstract]

20. Robertson GL, Berl T. Pathophysiology of water metabolism. In: Brenner BM,
ed. The Kidney, I Philadelphia, PA: WB Saunders Co; 1996: §73—-928

21. Roberts KB. Fluid and electrolytes: parenteral fluid therapy. Pediatr Rev.2001;
22 :380 387 Free Full Text}

RF - FAMILY 068B-017-134



22. Gregorio L, Sutton CL, Lee DA Central pontine myelinolysis in a previously
healthy 4-year-old child with acute rotavirus gastrocntentls Pediatrics. 1997,

99 738 —743[Free Full Text]

23. Kaplan SL. Bacterial meningitis and septicemia beyond the neonatal period.
In: Burg DP, Ingelfinger JR, Wald ER, Polin RA, eds. Gellis & Kagans
Current Pediatric Therapy. Philadelphia, PA: WB Saunders Co; 1999: 27-30

24. Lich-La1 MW, Stanitski DF, Sarnaik AP, et al. Syndrome of inappropriate
antidiuretic hormone secretion in children following spinal fusion. Crit Care

Med.1999; 27 :622 —627[CrossRef][ISI][Medline]

25. Chen MK, Schropp KP, Lobe TE. Complications of minimal-access surgery in
children. J Pediatr Surg.1996; 31 :1161 —1165[ISI][Medline]

26. Armour A. Dilutional hyponatraemia: a cause of massive fatal intraoperative
- cerebral oedema 1in a child undergoing renal transplantation. J Clin
i Pathol 1997, 50 :444 —446[ Abstract]

27. Eldredge EA, Rockoff MA, Medlock MD, Scott RM, Millis MB.
Postoperative cerebral edema occurring in children with slit ventricles.
Pediatrics.1997; 99 :625 —630[Free Full Text]

28. Hughes PD, McNicol D, Mutton PM, Flynn GJ, Tuck R, Yorke P.
Postoperative hyponatraemic encephalopathy: water intoxication. Aust N Z J

Surg.1998; 68 :165 —168[ISI][Medline]}

29. McRae RG, Weissburg AJ, Chang KW. Iatrogenic hyponatremia: a cause of
death following pediatric tonsillectomy. Int J Pediatr Otorhinolaryngol. 1994;

30 :227 -232[CrossRef][IST][Medline]

30. Judd BA, Haycock GB, Dalton RN, Chantler C. Antidiuretic hormone
following surgery in children. Acta Paediatr Scand 1990; 79 :461 —

466[IS1][Medline]

31. Soroker D, Ezri T, Lurie S, Feld S, Savir L. Symptomatic hyponatraemia due
to mnappropriate antidiuretic hormone secretion following minor surgery. Can
J Anaesth.1991; 38 :225 -226[ Abstract]

32. Paut O, Remond C, Lagier P, Fortier G, Camboulives J. [Severe hyponatremic

encephalopathy after pediatric surgery: report of seven cases and
recommendations for management and prevention]. Ann Fr Anesth

Reanim.2000; 19 :467 —473[CrossRef][ISI][Medline]

33. Tsimaratos M, Paut O, Derhi S, Fortier G, Viard L, Camboulives J. [Severe

postoperative hyponatremia: role of prolonged fasting and perfusion of
hypotonic solution]. Arch Pediatr.1994; 1 :1153[ISI}{Medline]

34. Keating JP, Schears GJ, Dodge PR. Oral water intoxication in infants. An
American epidemic. Am J Dis Child.1991; 145 :985 —990[ Abstract]

RF - FAMILY 068B-017-135



35. Judd BA, Haycock GB, Dalton N, Chantler C. Hyponatraemia in premature
babies and following surgery in older children. Acta Paediatr Scand 1987; 76

:385 —393[1ISI][Medline}

36. Aneff Al, Kozniewska E, Roberts TP, Vexler ZS, Ayus JC, Kucharczyk J.
Age, gender, and vasopressin affect survival and brain adaptation in rats with

metabolic encephalopathy. Am J Physiol. 1995: 268 :R1143 —
R1152[{ Abstract/Free Full Text

37. Ayus JC, Wheeler JM, Arieff Al Postoperative hyponatremic encephalopathy
In menstruant women. Ann Intern Med. 1992: 117 :891 —897[ISI][Medline}

38. Ayus JC, Arieff Al Pulmonary complications of hyponatremic
encephalopathy. Noncardiogenic pulmonary edema and hypercapnic
respiratory failure. Chest.1995; 107 :517 -521[Abstract]

39. Ayus JC, Varon J, Arieff Al. Hyponatremia, cerebral edema, and
noncardiogenic pulmonary edema in marathon runners. Ann Intern Med.2000;
132 :711 —714[Abstract/Free Full Text

40. Ayus JC, Caramilo CI. Sodium and Potassium Disorders. Textbook of Critical
~ Care. Philadelphia, PA: WB Saunders Co; 2000: 853—861 |

PEDIATRICS (ISSN 1098-4275). ©2003 by the American Academy of Pediatrics

This article has been cited by other articles:

3

A

------- 3
i

.i
L

AR TR

4 [ I "

- i I LI R § e DL B L B
A AL T I Lt L A L
e SRR R By s L, LA

------ HR N T

LA i aTh e b e PR e e
N e el g
: . _::-;1.{ Ay !';.tar

, QY .?’-*'
e @ Ty
u , .: ¥ » " L i‘.‘ ; -

,ﬁ:t't, H

ke ML

e F

' - ™ ’ s ta . . ] e = ) ;- A [ Fs % L i T [ K=l s - m J ! odE R 0 -‘E!. ll - ) & 'F'- o J. L " bl . H _ - ¥ d ] Tt i sl ‘I'.
TIOCATY T ) B .-_-. _ s, _ iy I_,p' T A g L o ? " ey o 1 o t k) oL _E " 2 ) : ) P b -?‘?__!' - Sty ’ _- = il - _: y I ES IIH:."_:?%EI‘;. 1. - ?-!:-Erfiﬁ :-...:.

- “.- N T - .
L | - I;.'p:ﬂ'..l"l_'ll g WY I il e T T R X oot - --? .. ATt e ! ally? et v S =1 - S - sk Al N T A . o % r ] H - !:E" i,
: ' g A I_I_I: I - L -.u ] W u -I I -...I Aty L e _ i L *:p d ") l{i i B r_ -.-!-. - |l . Y | 4 I,.. oy H l.-r N .-. e L T ant k1 -3 .' . . Ii- R o A 1' . .*I'. ? .I 1 E- -'* - ey '. '.E L] i- r. ] + -rJ .. I' ._. ! r':‘.!"':lr ""iﬂ:h . q

=1
gt

[
=

.‘."l A Ll ..o,
LI S

L A SRS

RF - FAMILY
068B-017-136



R

LI P TR

MR ey

-
'-1-?‘--‘”-\.-.- AR g kR 0
='l"|-.':-'.“'_'_-|.- et

I'I.
Lo IR T

1yt e |
A

PRPIDR

|
A
] '-e‘“'-:?

R R g

o

iy I i

el

PORL -
L kA
o

[ LI
._fl'l. -\.-!I' a._._-l ||I
BN Sl LY

. 1
. .
; . .k . . i
. ! ' reo- i ) '
ll L] " = r. 1
' 1 - 1 . b '
1] L r N r ' -
s

.
'
r
'
'
: oo
L . .
f -
' . !
- -
1 vt .
. ' o
L} .l-
L} L = I
. '
- . "
. o
;- : ana em
. ooy
- r
L} ) -
| | | s .- P
- 5 a . -
1 I 'r|-| L ' - i "o I
FE T T Lo f - L v, e . N =" leti= N -
, ; . LI . . '
2 " o 2 . L IR - ' : o ' ' 1 H P va, f
LI ] - - - Pt ¢ e o= M LI - : d L
LR LB 1 LI LI [ ;‘I "I - - P S LN i " 1 - = [ e
. o i \ . . - P T R - T ettt ety P [ Tr
I |I'.‘ ] ' i - e m o 1 ok 1 . poa PR o 11
] ' 3 1 ' [ L 1 [ ' [ ] - e " '
| . - ¥ ' P 1 . 1 te L - " ~ : t )
. L. ) : . . oL ., v - 1 : e r
L - . ) a . ! Lo L '
e \ [ LS L. 1 . et e, - - -
- . \ - . . - ' n
. r - - - o ! .
- — . . . ) i . ' ' . . ' . r
, ) .. . LT, Lo, . . - r ' ' . ' -t 1
' = il - * 1 ! " ' 1 ' lI N ;@ vt - | - '
: ” g \ - ; . 1 R Ll ' 4 - 1 L .\_| -
TP ' v . o ' : e foae . ' ' L . -
1 ' LY L} L] ) - II ' - - " ' - L] ‘I - -
. T f | - [ P s
) _ ' ' - . ' ' - . '
I \ N - - - " - ' 1] " L} .Il Ll = ! " B
- - - ' bl 1 B - II v -ll e ! ' - )
: : . '
A - 1 ' - . . \ | )
[} 1 ' 1 1 [} ' * ' h ' - !
' r -
——

Jrp— o ———

P>Rs:

Read all P°Rs

Water balance: is more always better?
Khalid Aziz

Pediatrics Online, 31 Jan 2003 [Full text]
Rewriting Maintenance Fluids

RF - F
AMILY 068B-017-137



Narinder S. Bhatia Bhatia

ﬂ”

._r._.e e

P
g 8§ 3
58 3 3
Fw Th i
M ™ " - 30
nuw Qo -
Q2 S35 &
N\ ol a/_mn N
0O - -
v Qv A
Fm.m._.AmLA
JE.RF oD

l._.se fnez
Yo Ngeyy
He.lﬁnl. H.I.....
ncwnm.mn
O.naMO s O
Ce-8o9-2Y
E8TEES T
o QS= 5
Lo e=?®wm
Se5855%
PMMPMMP

0 0
I - - o4

ar

r

T

- o
i L
PN |

w

T

L

TOrs

i
L
A
S
\.J
K
0
i
AL,
Y
3

068B-017-138

RF - FAMILY



