Prevention of hospital-acquired hyponatremia: A case for using isotonic saline
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tion of dextrose in water solution at a rate of more
than i 1100 mL. /M2 /24 hrs may induce
water intoxication” and that the “risk of water intox-
ication may be reduced to smalil proportions by the
administration of 100 or more mosm of organic sol-
ute to each liter of solution.” The safety of adminis-
tering maintenance h ic parenteral fluids has
never been
and
urinary concentration outside of a desirable range.
of prescribing 3.0 and 2.0 mEq/100 kcal/24 h sodium
and potassium, respectively, in maintenance fluids is
of breast and cow milk.!8-% This electrolyte compo-
sition will also result in a urine osmolality of approx-
imately 400 mOsm/kg/H,O, which was believed to
it capad 1A]ﬂ::gh o born wes
centrats ity.t it w
tablﬂ:r:lgﬁut'mo;ymicﬂlhemﬂdbetohumdwiﬁl-
out any adverse effects, the use of isotonic saline has
been avoided to prevent excess urinary water losses
ity and to the development of postoperative
edema.?-1! Whereas these recommendations may be
appropriate for the healthy child, they may not apply
to ilt children, who are much more likely to have a
nonosmotic stimulus for ADH production (Table 1).
AtﬂcﬁnwhtﬂﬁewaﬂaMthﬁe,
it was not appreciated that many conditions
could h-dw:o‘uliypauui free water cxcretion as a
resultofADHexmltismﬂil;ftu\ttoalutphysi-
cians to the potential dangers -of using hypotonic
maintenance fluids in children who may have an
m:edabﬂilytoexcretefreewaher,asﬁﬁscanlead
to clinically significant hyponatremia.

HOSPITAL-ACQUIRED HYPONATREMIA

to hyponatremia as a result of the nonphysiologic
secretion of ADH, which leads to free water retention
followed by a natriuresis that maintains fluid balance
at the expense of serum osmolality. SIADH is 1 of the
‘nost common causes of hyponatremia in both chil-
dren and adults in a hospital setting.!* It has been

prospectively, and Holliday
Segar noted that approximately one third of

‘acute volume

reported in numerous conditions but primarily af-
fects children with central nervous system and pul-
monary disorders and as a side effect of medications.
parenteral fluids cause SIADH, such as pneumo-
nia,’® bronchiolitis,'® asthma,!” positive pressure
ventilation, CNS infections,’® and head trauma.'
Other stimuli for ADH release that can lead to hy-
ponatremia in children are emesis, pain, stress, and
m.’“nmmmydmm&\pwhue

) are at risk for i tremia as a
result of nonosmotic simuli for ADH release (Table
1).

A common reason that hospitalized children re-
ceive parenteral fluids is to treat isotonic dehydra-
tion. Although isotonic saline is recommended for

expansion, hypotonic fluids with
0.45% sodium chloride are recommended
for the remainder of the deficit 21 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.” ic fluids

areevmremmmﬂedasfrenml uid therapy in
children with meningitis.Z Such children frequently
have dehydration in addition to other nonosmotic
stimuli for ADH production, and the admunistration
of hypotonic fluids can lead to worsening neurologic
deterioration secondary to the development of hypo-
natrenua.

Postoperative children are at cspecially high risk
fotdevdopugl-qpmt:mn,and&myh:;ihbeen
many associated fatalities.31724-% Contributing fac-
tors to hyponatremia in the postoperative setting
comprise a combination of nonosmotic stimuli for

ADH release, such as subclinical i

pain, edema-forming

the administration of hypotonic fluids. The postop-
erative nonosmotic stimuli for ADH release typically
resolve by the third postoperative day but can last
until the fifth postoperative day.!” The most impor-
tant factors that lead to postoperative hyponatremua
are the failure to recognize the compromised ability
of the patient to maintain water balance and the

~ administration of hypotonic fluids.

There have been >50 reported cases of neurologic

- morbidity and mortality, including 26 deaths, result-

tremia in children
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0 252 100
0.2% Sodizm chloride in 5% dextrose in water 34 321 78
0.45%% Sodium chloride in 5% dextrose in waler 77 106 50
Lactated Ringer’s 130 273 16
5% Dextrose Lactaled Ringer’s 130 525 16
0.9% Sodivm chloride in 5% dexirose m water 154 560 0
* Based on a sodium plus concentration m the aqueous phase of plasma of 154 mEq/L,,

assuming that plasma EO?nwaMwiﬁlamq\dmdMﬁmEq/Lmapthwummmﬂuhm
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operative setting in previously healthy children who
underwent minor surgery. Arieff et al® reported on
16 previously healthy children who died or experi-
enced permanent neurologic damage as a result of
hypcnattmuc encephalopathy soon after receiving
fluids after minor surgical procedures or
fvar the treatment of common childhood infections.
hk]unkmetalf’amiMontzandAyus‘rm& that the
major factor that results in neurologic deterioration
in children with La Crosse encephalitis was mild
hyponatremia developing after the administration of
hypotonic fluid. Halberthal et al* reported on 23
children, mﬂmtanu:dedymgdmﬂlatun—
paired water handling, who acute symp-
tomahchypu\atmmlaaftertheadmmtmumofhy—
potonic fluids. Hyponatremia in these cases seemed
to be attributable to a combination of hypotonic fluid
administration and ADH excess. The above authors
and others®35 have cautioned against the routine
use of hypotonic maintenance fluids im children.

Children are at particularly high risk for develop-
ing sympiomatic hyponatremia as they develop hy-
ponatremic encephalopathy at higher serum sodium
concenirations than adults and have a poor progno-
sis if tirnely therapy is not instituted. This seems to be
attributable to the higher brain-to-skull size ratio in
children, which leaves less room for brain expan-
sion.336 Children achieve adult brain size by 6 years
of age, whereas full skull size is not achieved until 16
years of age. Female adolescents may also be at in-
creased risk of developing hyponatremic encepha-
lopathy, as women of reproductive age are >30
times more likely to develop hyponatremic enceph-
alopathy than are men, as a result of diminished
ability to adapt to hyponatremia by decreasing bram
volume. 3637

Hyponatremic encephalopathy can be difficult to
raryvmize in children, as fhe symptoms can be vari-
DR G CAG BEOT OO B T P o s woUNATEL T
dium oconcentration or the rapidity of development
of hyponatremia.? The most consistent symptoms of
hyponratremia are headache, nausea, vomiting, eme-
sis, and weakness. Advamedsymptansamsigmof
cerebral herniation, with seizures, respiratory arrest,
noncardiogenic pulmonary edema,™~” dilated pu-
pils, anddecomcatepmhmng"f‘aﬂmetoreq@ue
hyponatremic encephalopathy and initiate appropri-
ate therapy will result in a poor neurologic out-

come. 329

WHY ISOTONIC MAINTENANCE PARENTERAL
FLUIDS SHOULD BE USED

The administration of isotonic maintenance fluids
is the most important prophylactic measure that can

be taken to prevent the development of
mia in children who are receiving al fluids.

parenter
Commonly used intravenous fluids have a signifi-
cant amount of free water that can contribute to
hyponatremia (Table 2); therefore, they should be
used with caution in maintenance fluids, to mix in-
travenous medications or to keep a vein Even
isotonic saline can lead to hyponatremia if 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 is adminis-
tered in a state of excess v sin, such as SIADH
or the postoperative state, for which the urine osmo-
lality may be fixed at 500 mOsm/kg/H,0, then a
natriuresis that will result in the generation and re-
tention of free water and the of hypo-
natremia will ensue. An isotonic solution will have
approximately 154 mEq/ L monovalent cations, so-
dium 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, iso-
tonic saline in 5% dextrose in water seems to be the
safest fluid composition in most hospitalized pa-
tients. If potassium chloride is to be added to the
parenteral fluids, then the sodium concentration can
be lowered proportionally to maintain isotonicity.
Lactated ringers with 20 mEq/L ium chloride
in 5% dextrose in water would also be an isotonic
fluid. Physicians must assess children carefully to
choose the most appropriate parenteral fluid rate
and composition before initiating therapy. The main-
tenance fluid requirements of the term and preterm
monahemydxﬁerfmmﬁ\eolderdnldasamadtof
umque physiologic issues, and our recommenda-

o X 1 R0E eviend o fris ARSI S nf *‘i:ll'wh Chil-
dmmﬂ\mtgomgﬁeewaterlommora free water
deficit will require a more hypotonic fluid. In chil-
dren with illnesses that can lead to fluid overload,
such as nephrosis, cirrhosis, congestive heart failure,
and glomerulonephritis, both sodium and fluid re-
striction is of paramount im to avoid wors-
enmgﬂmdoverloadandﬂ\edcvebpmﬂltofhypo-
natremia. Hospitalized children who are rccciving
parenteral fluid therapy should be considered at risk
for developing hyponatremia and mmutored closely
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mmghdﬂywéym,&ﬁhm,bhﬂm,
ohﬂ'vmg_for signs of edema, and monitoring the
serum sodium concentration. Isotonic saline seems to
m:dpatlulb,asﬁleymathighrhkfm '
hyponatremia as a result of factors that lead to ADH
excess.
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“Human progress can be compared to a storm-lashed sea; men must commit a

thousand errors to arrive at the truth.”

—Arj Turgot (1751)
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