
EDUCATIONAL REVIEW

Perioperative fluid management and postoperative
hyponatremia in children

Gia J. Oh & Scott M. Sutherland

Received: 30 May 2014 /Revised: 19 February 2015 /Accepted: 20 February 2015 /Published online: 18 March 2015
# IPNA 2015

Abstract Intravenous (IV) fluids are used ubiquitously when
children undergo surgical procedures. Until recently, Holliday
and Segar’s guidelines for calculating maintenance fluids
dictated fluid management strategies in postoperative
pediatric patients. An increased recognition of hospital-
acquired hyponatremia and its associated morbidity has
led to a critical re-examination of IV fluid management in this
population. Postsurgical patients are at high risk of developing
hyponatremia due to the presence of non-osmotic stimuli for
antidiuretic hormone release. Recent studies have established
that, as they are administered in current practice, hypotonic
maintenance fluids are associated with increased rates of
hyponatremia. The best available data demonstrate that ad-
ministration of isotonic fluid reduces hyponatremic risk. In
this review, we discuss the collective data available on the
subject and offer guidelines for fluid management and thera-
peutic monitoring.
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Introduction

For decades after its publication, the 1957 article coauthored
by Malcolm Holliday and William Segar served as the stan-
dard fluid management guideline for hospitalized children [1].
These authors proposed that pediatric water maintenance
needs parallel energy expenditure: 100 mL/100 kcal for the

first 10 kg of body weight, 50 mL/100 kcal for 11–20 kg, and
20 mL/100 kcal for every kilogram of body weight above
20 kg. Their proposed maintenance electrolyte requirements,
3 mEq/100 kcal sodium (Na) per day and 2 mEq/100 kcal
potassium (K) per day, were based upon the electrolyte com-
position of breast and cow’s milk. Once applied, these recom-
mendations identified hypotonic fluid as the ideal mainte-
nance fluid choice in hospitalized children, leading to the
ubiquitous use of 0.225 % and 0.45 % saline in this
population.

Over the past 20 years, however, a growing debate sur-
rounding the use of these hypotonic maintenance fluids has
emerged, and the discussion has centered on a number of
iatrogenic hyponatremia cases reported in the literature. The
concern regarding intravenous (IV) hypotonic fluids has fo-
cused on the potential neurologic sequelae associated with
severe hospital-acquired hyponatremia [2–5]. While this con-
troversy concerns all hospitalized children, it has been most
extensively studied in the postoperative pediatric population.
This is a group of children who are at high risk for the devel-
opment of iatrogenic hyponatremia, and one that has proven
more readily accessible for trials. The purpose of this article is
to review the available data and provide guidelines for fluid
management in these children.

Postoperative hyponatremia

The incidence of hospital-acquired hyponatremia in pediatric
patients undergoing surgical procedures varies depending on
the definition of hyponatremia, the setting of postoperative
care, the frequency of testing, and patient selection criteria.
In one retrospective, single-center study of postoperative pa-
tients managed in the pediatric intensive care unit (PICU),
moderate hyponatremia (Na <130 mmol/L) was observed in
16/145 (11 %) cases [6]. It should be noted, however, that
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patients who underwent cardiac, neurosurgical, and renal pro-
cedures were excluded from participation in this study, likely
resulting in an underestimation of the true incidence of
hyponatremia since these patients are at enhanced risk for
developing hyponatremia [7, 8]. In another single-center, ret-
rospective study of pediatric craniosynostosis surgical pa-
tients, hyponatremia (Na ≤135 mEq/L) was seen in 22/72
(31 %) of patients [8]. In a third single-center, prospective
study of a general pediatric post-surgical population,
hyponatremia (Na <136 mmol/L) was reported in 17/81
(21 %) and 15/48 (31 %) of patients at 12 and 24 h following
the procedure, respectively [9]. Interestingly, this study only
included patients who received hypotonic saline (Na
40 mmol/L+K 20 mmol/L), and therefore may not reflect
the true incidence of hyponatremia in the general pediatric
postoperative population.

Although the reported incidence of postoperative
hyponatremia has varied from 11 to 31 % [6, 8, 9], nearly all
studies consistently show that postoperative patients have an
increased risk of developing hyponatremia [2, 7, 10–12]. One
retrospective, informatics-enabled study demonstrated that
undergoing a surgical procedure was an independent risk fac-
tor for hospital-acquired hyponatremia [adjusted odds ratio
(OR) 1.44, 95 % confidence interval (CI) 1.09–1.91]; this
effect was similar to that attributed to fluid hypotonicity
(adjusted OR 1.37, 95 % CI 1.03–1.84) [7]. A randomized
controlled trial comparing 0.9 % saline and 0.18 % saline in a
PICU population demonstrated that plasma sodium tended to
decrease more in surgical patients than medical patients
(–2.3 mmol/L; 95 % CI −0.46 to 0.1, P=0.057) [12].

Non-osmotic stimuli for antidiuretic hormone

One of the reasons that postoperative patients have an in-
creased risk of hyponatremia is that this population experi-
ences multiple non-osmotic stimuli for antidiuretic hormone
(ADH) production. ADH, also known as vasopressin, is syn-
thesized in the supraoptic nuclei of the hypothalamus and
released from the posterior pituitary gland. ADH binds to
the vasopressin V2 receptor in the basolateral membrane of
the collecting duct, which leads to the insertion of aquaporin-2
channels in the apical membrane and ultimately to increased
water permeability and water reabsorption.

The primary stimulus for ADH release is an increase
in osmolality, although many non-osmotic stimuli have
also been identified (Table 1) [13]. Nausea is a potent
non-osmotic stimulus for ADH release which has been
shown to increase ADH levels by 200 pg/mL; this increase
is impressive when compared with the range of increase (10–
100 pg/mL) seen with a 20 % decrease in blood pressure [14].

Other perioperative stimuli for ADH release include hypo-
volemia, hypoglycemia, fever, stress, and pain [15–20]. ADH

levels peak 6–12 h after surgery with a gradual return to base-
line over the subsequent 5 days [21, 22]. Not surprisingly,
Choong et al. found that among 258 children undergoing elec-
tive surgery, 80 % of those who developed postoperative
hyponatremia did so in the first 24 postoperative hours [23].

The role of ADH in the development of postoperative
hyponatremia was highlighted in Kanda et al.’s study of 60
children undergoing percutaneous renal biopsy, with 33 chil-
dren receiving 0.6 % saline and 27 children receiving 0.9 %
saline following kidney biopsy. ADH levels were obtained 5 h
after the biopsy, and both groups were further divided by the
presence of normal or elevated ADH levels. The study
showed that hyponatremia (<137 mEq/L) developed in pa-
tients who had both elevated ADH levels and received hypo-
tonic 0.6 % saline; elevated ADH levels alone or hypotonic
saline alone were not associated with hyponatremia [24].

Fluid tonicity and hyponatremia

Tonicity is a measure of effective osmolality. Solutes which
have restricted cell-membrane permeability, such as sodium,
are confined to the extracellular fluid (ECF) compartment and
create an osmotic pressure gradient which drives water move-
ment from the intracellular fluid (ICF) compartment to the
ECF compartment. Solutes which are freely permeable across
cell membranes distribute equally between the ECF and ICF
compartments and do not create an osmotic pressure gradient

Table 1 Non-osmotic stimuli for antidiuretic hormone release

Hemodynamic stimuli Non-hemodynamic stimuli

• Hypovolemia • Central nervous system disease

• Decreased effective circulatory
volume

Brain tumors

Cirrhosis Meningitis, encephalitis

Congestive heart failure Head trauma

Hypoalbuminemia • Pulmonary disease

• Hypotension Pneumonia

Bronchiolitis

Positive pressure ventilation

Hypoxia

• Oncologic diseases

• Postoperative state

• Miscellaneous

Pain

Nausea/vomiting

Stress

• Medications

Narcotics

Vincristine

Cyclophosphamide
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or drive water movement; dextrose, if adequate insulin is pres-
ent, is an ineffective osmole and does not affect cellular water
movement. Thus, the tonicity of an IV solution is primarily
dependent on the content of its electrolytes (Table 2). Normal
plasma sodium concentration [Na] is 135–145 mEq/L [25],
but the [Na] in the aqueous phase of plasma water is approx-
imately 150mEq/L; therefore, fluid with a tonicity (Na +K) of
less than approximately 150 mEq/L is considered to be hypo-
tonic [26].

There has been much debate regarding the role of IV main-
tenance fluid tonicity and iatrogenic hyponatremia. This asso-
ciation has probably been studied most extensively in the pe-
diatric postoperative population, and it seems evident that flu-
id tonicity affects hyponatremic risk. Kanda et al. studied chil-
dren with elevated ADH levels following kidney biopsy and
found that plasma [Na] decreased by 1.9±1.5 mEq/L in those
who received hypotonic 0.6 % saline while it increased by
0.85±0.34 mEq/L in those who received isotonic 0.9 % saline
[24]. Randomized controlled studies comparing hypotonic IV
fluids to isotonic IV fluids in pediatric surgical and medical
patients have consistently shown that hypotonic IV fluids are
associated with hyponatremia (Table 3).

Yung et al. randomized 50 children (37 surgical) to receive
either 0.18 % saline or 0.9 % saline upon PICU admission; at
12–24 h after admission, plasma [Na] had decreased by 3 (95
% CI 0.8, 5.1) mmol/L more in the hypotonic group than the
isotonic group [12]. Likewise, Rey et al. randomized 125
medical and surgical pediatric patients to receive either hypo-
tonic (Na 30–50 mmol/L+K 20 mmol/L) or isotonic (Na
136 mmol/L+K 20 mmol/L) IV fluid and demonstrated that
the risk of hyponatremia was 5.8-fold (95 % CI 2.4–10,
P<0.001) greater in the hypotonic group after adjusting for
age, weight, and admission plasma sodium level [27]. Neville
et al. randomized 124 children undergoing surgery to receive
either hypotonic 0.45 % saline or isotonic 0.9% saline; 8 h
after extubation, hyponatremia developed in 19/62 (31.5 %)
children in the hypotonic group compared to 6/62 (9.7 %)
children in the isotonic group (P<0.006) [28]. Likewise, when
Choong et al. randomized 130 children to receive 0.45 %

saline and 128 children to receive 0.9 % saline following
elective surgery, hyponatremia (Na ≤135 mmol/L) was ob-
served in 41 % of the hypotonic group and 23 % in the iso-
tonic group during the 48 hours after surgery [relative risk
(RR) 1.82, 95 % CI 1.21–2.74, P=0.004] [23]. In a study of
patients undergoing spinal/craniotomy surgery, hyponatremia
(Na <135 mmol/L) was more common in the hypotonic IV
fluid group (18 vs. 0 %; P=0.01) [29]. The most recent ran-
domized controlled trial from Australia underscores the asso-
ciation between hypotonic IV fluids and hospital-acquired
hyponatremia. In this study 676 children (312 surgical pa-
tients) were randomized to receive either isotonic Plasma-
Lyte 148 or hypotonic 0.45 % saline. The incidence of
hyponatremia (Na <135 mmol/L) was significantly less in
the isotonic group (4%) than in the hypotonic group (11 %)
(OR 0.31, 95 % CI 0.16–0.61, P=0.001) [30]. Unlike the
aforementioned studies, the randomized, double-blinded
study by Saba et al. comparing 0.45 % saline and 0.9 % saline
in 37 pediatric patients (25 surgical patients) did not show
increased hyponatremic risk in the hypotonic group [31].
The authors of this study attributed their negative findings to
adequate volume resuscitation prior to the initiation of main-
tenance therapy and administration of fluids strictly at an ap-
propriate maintenance rate. Finally, a recent meta-analysis of
ten randomized controlled trials, nine of which included sur-
gical patients, demonstrated a higher risk of hospital-acquired
hyponatremia when hypotonic IV fluids were administered
(RR 2.24, 95 % CI 1.52–3.31) [11].

The association between the administration of hypotonic
fluids and the subsequent development of hyponatremia is
not restricted to surgical patients; children hospitalized for
medical reasons are also at increased risk of developing
hyponatremia when they receive hypotonic IV fluids.
Hyponatremia (Na <135 mEq/L) was observed in 19 % of
children who received hypotonic IV fluid for isonatremic de-
hydration associated with gastroenteritis [32]. Both febrile
children and those with gastroenteritis have been shown to
have inappropriately elevated ADH levels [17]. In a large
cohort study, children admitted with cardiology and

Table 2 Composition of commonly used intravenous fluids

Fluid Na+

(mEq/L)
Cl-

(mEq/L)
K+

(mEq/L)
Ca2+

(mEq/L)
Mg+

(mEq/L)
Buffer (mEq/L) Osmolarity

(mOsm/L)
Tonicity in vivo (after
glucose metabolism)

D5 0.225% saline 34 34 329 Hypotonic

D5 0.45% saline 77 77 432 Hypotonic

Lactated Ringer’s 130 109 4 3 Lactate 28 273 Hypotonic

Plasma-Lyte 140 98 5 3 Acetate 27; Gluconate 23 294 Isotonic

0.9 % saline 154 154 308 Isotonic

D5 0.9 % saline 154 154 560 Isotonic

D, Dextrose
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Table 3 Randomized controlled trials of hypotonic versus isotonic intravenous fluids in pediatric patients

Study Patient population Comparison of intravenous
fluids

Primary outcome of interest Outcome

Surgical patients

Brazel PW et al.
[22] (1996)

Scoliosis surgical patients
(n=12)

▪ 0.3 % saline in 3 %D (n=4),
or 0.18 % saline in 4 % D
(n=3)

▪ Lactated Ringer’s solution
(n=5)

▪ Plasma [Na] at 6, 24, 48,
72 h after surgery

▪ [Na] <135 mEq/L in 7/7 in hypo-
tonic group vs. 1/5 (20 %) in
isotonic group

▪ [Na] <130 mEq/L in 4/7 (57 %) in
hypotonic group vs. 0 in isotonic
group

Choong K et al.
[23] (2011)

Elective surgical patients
(n=258)

▪ 0.45 % saline in 5 % D
(n=130)

▪ 0.9 % saline in 5 % D
(n=128)

▪ Incidence of hyponatremia
(Na≤134 mmol/L) during
48-h postoperative period

▪ Risk of hyponatremia greater in
hypotonic (40.8 %) vs. isotonic
(22.7 %) group (RR 1.82, 95 %
CI 1.21–2.74, P=0.004)

Neville KA et al.
[28] (2010)

Elective or emergency
surgical patients
(n=124)

▪ 0.45 % saline in 2.5 % D at
maintenance rate (n=31)

▪ 0.45 % saline in 5 % D at 1/2
rate (n=31)

▪ 0.9 % saline in 2.5 % D at
maintenance rate (n=31)

▪ 0.9 % saline in 5 % D at 1/2
rate (n=31)

▪Change in plasma [Na] from
time of anesthesia
induction to 8 h after
extubation

▪ [Na] <135 mmol/L in 19/62
(31.5%) in hypotonic group vs.
6/62 (9.7%) in isotonic group
(P≤0.006)

▪ Fluid type (P <0.001), but not
fluid rate (P =0.27), influenced
the change in plasma [Na]

Coulthard MG
et al. [29]
(2012)

PICU admission
following spinal
instrumentation or
craniotomy (n=82)

▪ 0.45 % saline in 5 % D at 2/3
rate (n=41)

▪ Lactated Ringer’s solution in
5 % D at maintenance rate
(n=41)

▪ Plasma [Na] 16–18 h after
surgery

[Na] <135 mmol/L in 7/41 (18%)
hypotonic group vs. none in iso-
tonic group (P=0.01)

Surgical and medical patients

YungM et al. [12]
(2009)

PICU admissions
(surgical patients 37,
medical patients 13;
total n=50)

▪ 0.18 % saline at maintenance
rate (n=11)

▪ 0.18 % saline at 2/3 rate
(n=15)

▪ 0.9 % saline at maintenance
rate (n=11)

▪ 0.9 % saline at 2/3 rate
(n=13)

▪ Difference in the change in
plasma [Na] at 12–24 h
after PICU admission

▪ [Na] decreased by 3 (95%CI 0.8–
5.1) mmol/L more in hypotonic
group than isotonic group

▪ [Na] decreased by 1.6 (95 % CI
−0.7 to 3.9) mmol/L more in
maintenance rate than restricted
rate

▪ Change in [Na] affected by fluid
type (P=0.0063) but not by rate
(P=0.12)

Rey C et al. [27]
(2011)

PICU patients needing IV
fluid therapy (surgical
patients 57, medical
patients 68; total
n=125)

▪ Hypotonic IVF (Na 30-
50 mmol/L+K 20 mmol/
L) (n=62)

▪ Isotonic IVF (Na 136 mmol/
L+K 20 mmol/L) (n=63)

▪ Plasma [Na] at 12-24 h after
PICU admission

▪ Incidence of hyponatremia
(Na <135 mmol/L)

▪ [Na] lower in hypotonic group
(134.2±2.4 mmol/L) vs. isotonic
group (136.6±3.1 mmol/L,
P=0.01) at 12 and 24 h

▪ Hypotonic IVF increased risk of
hyponatremia by 5.8-fold (95 %
CI 2.4–14, P=0.000)

McNab S et al.
[30] (2014)

Medical and surgical
patients needing ≥6 h
of IV fluid therapy
(surgical patients 312,
medical patients 364;
total n=676)

▪ 0.45 % saline in 5 % D
(n=338)

▪ Plasma-Lyte 148 solution in
5 % D (n=338)

▪ Incidence of hyponatremia
(Na <135 mmol/L) within
72 h of IV fluids or until
receiving <50 % of
maintenance rate

▪ Incidence of hyponatremia in
isotonic group (4 %) less than
hypotonic group (11 %) (OR
0.31, 95 % CI 0.16–0.61,
P=0.001)

▪ No difference in occurrence of
hypernatremia, overhydration, or
serious adverse events

Saba TG et al.
[31] (2011)

Patients requiring
hospitalization
and≥8 h of IVF
therapy (surgical
patients 34, medical
patients 25; total n=59)

▪ 0.45 % saline in 5 % D
(n=21)

▪ 0.9 % saline in 5 % D
(n=16)

▪ Plasma [Na] rate of change
in the first 12 h of IV fluids

▪ [Na] increased similarly in both
groups: +0.2 mmol/L/h in
isotonic group and +0.08 mmol/
L/h in hypotonic group

PICU, Pediatric intensive care unit; IVF, intravenous fluid; RR, relative risk; CI, confidence interval
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hematology/oncology diagnoses were associated with more
than a twofold greater risk of hospital-acquired hyponatremia
[7]. The largest pediatric randomized controlled trial of iso-
tonic versus hypotonic IV fluids conducted to date showed
that the risk of hyponatremia was lower with isotonic fluids
across heterogeneous groups of pediatric patients and that
isotonic IV fluid decreased the risk of hyponatremia in both
surgical patients (OR 0.32, 95% CI 0.12–0.82, P=0.02) and
non-surgical patients (OR 0.32, 95% CI 0.12–0.85, P=0.02)
[30]. These results clearly demonstrate that although surgery
is an independent risk factor for developing hyponatremia,
hypotonic fluids are associated with iatrogenic hyponatremia
across the spectrum of pediatric disease.

It is also important to note that hyponatremia can occur in
patients receiving isotonic IV fluids, likely due to the presence
of high circulating ADH levels [23]. Hyponatremia was ob-
served in 9.7–23 % of children who received 5 % dextrose–
0.9 % saline following surgical procedures [23, 28]. ADH
leads to the reabsorption of water in the collecting duct and
the creation of concentrated urine with a urine osmolality of
>100 mOsm/kg. Therefore, when the ECF compartment is
expanded by isotonic fluids in the presence of high circulating
ADH, sodium is excreted in the urine and free water is
retained, leading to hyponatremia [13, 33].

Finally, it is important to consider balanced or physiologic
solutions, such as lactated Ringer’s and Plasma-Lyte, which
have electrolyte compositions that better mirror that of the
extracellular fluid [34]. The [Na] in lactated Ringer’s solution
is less than that of normal extracellular fluid; therefore, lactat-
ed Ringer’s is hypotonic to plasma while Plasma-Lyte is iso-
tonic (Table 2). Some have advocated for the use of these
balanced solutions in the perioperative period given the
concern for hyperchloremic metabolic acidosis associated
with large volumes of 0.9 % saline [35, 36]. A retrospec-
tive, matched cohort study of adult patients undergoing
open abdominal surgery showed that the rate of major
postoperative complications was lower in 926 patients
who received Plasma-Lyte compared to 2778 patients
who received 0.9 % saline (OR 0.79, 95 % CI 0.66–
0.97, P<0.05) [37]. The use of balanced solution was
associated with lower rates of postoperative infection,
renal replacement therapy, blood transfusion, and electro-
lyte disturbances.

BMaintenance^ fluid rate and hyponatremia

A few studies have examined the role of IV fluid rate and its
association with postoperative hyponatremia. In the random-
ized controlled study by Yung et al., 50 children were random-
ized to receive either 0.9 % saline at maintenance (defined by
the standard Holliday/Segar calculations), 0.9 % saline at two-
thirds maintenance, 0.18 % saline at maintenance, or 0.18 %

saline at two-thirds maintenance [12]. The change in plasma
sodiumwas significantly affected by fluid type (P=0.006) but
not by fluid rate (P=0.12). Likewise, Neville et al. showed
that the fluid type (P<0.001) but not the fluid rate (P=0.27)
influenced the change in plasma sodium [28]. In this latter study,
children were randomized to receive either 0.9% saline at main-
tenance, 0.9 % saline at half maintenance, 0.45 % saline at
maintenance, or 0.45 % saline at half maintenance. The investi-
gators observed more dehydration in the group receiving half
maintenance than in that receiving full maintenance. In a retro-
spective case–control study, higher IV fluid rate and amount
were associated with hyponatremia (Na <136 mmol/L); patients
with hyponatremia received a higher rate of electrolyte-free fluid
(2±2 mL/kg/h vs. 1±1 mL/kg/h; P<0.001) and more common-
ly received greater than the recommended maintenance rate (73
vs. 23 %; P<0.001) [38]. As mentioned previously, Saba et al.
reported that when maintenance fluids were delivered at the
appropriate rate and pre-existing volume deficits were corrected,
hypotonic fluids were not associated with an increased risk for
hyponatremia [31]. In fact, several studies have reported that the
amount of fluid administered is at least as important as the fluid
tonicity [9, 39].

Summary

Currently, the best available data demonstrate that hypoton-
ic fluids, as they are currently administered, are associated
with an increased risk of hospital-acquired hyponatremia.
Several practitioners have suggested that, in light of these
findings, isotonic fluids should be administered universally
to all hospitalized children to mitigate hyponatremic risk [2,
26, 40].

While this would likely decrease the incidence of
hyponatremia, such a wholesale transition might have unin-
tended consequences. Many physicians have worried that the
ubiquitous administration of 0.9 % saline would cause
hypernatremia, edema, and hypertension. Notably, none of
the randomized controlled studies have identified these ef-
fects, although it is important to note that no studies to date
have been powered to detect these associations and that the
majority of the randomized controlled studies have been of
short duration. Furthermore, recent studies demonstrate dele-
terious effects of unbalanced chloride-rich fluids (such as
0.9 % saline). As discussed above, Shaw et al. showed higher
rates of major postoperative complications, including acute
kidney injury requiring renal replacement therapy, in patients
who received 0.9 % saline compared to those who received
the balanced solution Plama-Lyte [37]. Likewise, Yunos et al.
showed that the use of chloride-rich fluid was associated with
a higher incidence of AKI [41].

We agree with those who have advocated for the use of
isotonic maintenance fluids in the postoperative setting while,

Pediatr Nephrol (2016) 31:53–60 57



at the same time, acknowledging that no studies have been
powered to detect isotonic-related adverse events. Although
further studies are not necessarily required to corroborate the
increased hyponatremic risk associated with hypotonic fluids,
we do believe that more studies are warranted to fully evaluate
the consequences of a wholesale transition from hypotonic to
isotonic maintenance fluids (i.e., differential AKI rates be-
tween patients receiving hypotonic and chloride-rich isotonic
fluids). Additionally, we would be remiss if we did not note
that some have suggested that administering fluids at a re-
duced rate might mitigate hyponatremic risk. Children under-
going surgery have a number of non-osmotic stimuli for ADH
release. In the setting of free water retention, Bmaintenance^
fluids might have a different definition altogether; as such,
giving less fluid might achieve a more physiologic condition
than the administration of isotonic fluids. Although this ap-
proach has been examined, it has not gained the same level of
traction as isotonic fluid, and many studies have found this
tactic ineffective.

Regardless, the available data do allow us to make in-
formed recommendations and decisions. One concept es-
poused by Holliday and Segar is that their maintenance fluid
calculations are for maintenance [3, 42]. While that may seem
intuitive, hypovolemic patients are routinely prescribed Bone
and a half times^ or Btwo times^ maintenance fluid to replete
their intravascular volume; likewise, physicians caring for pa-
tients with ongoing fluid and electrolyte losses (diarrhea, fe-
ver, etc.) may address the increased fluid and electrolyte needs
by increasing the maintenance fluid rate. Clearly in these sit-
uations, maintenance fluids are being used incorrectly.
Volume deficits should be replaced with isotonic fluids before
the initiation of maintenance fluids; fluids of an appropriate
composition should be used to replace ongoing losses at a rate
commiserate with the volume lost. Additionally, accurate dai-
ly weights should be obtained, blood pressures should be
monitored, and fluid balance should be evaluated frequently
throughout the day. Perhaps most importantly, IV fluid thera-
py must be regularly monitored. A retrospective study of 100
pediatric postoperative patients showed that the median dura-
tion of IV fluid administration was 78.5 h, but plasma electro-
lytes were measured only once in the majority of patients
(54%) [43]. We recommend obtaining daily electrolytes on
any patient receiving IV fluids. Serum osmolality, urine os-
molality, and urine sodium should be obtained promptly in
patients who develop hyponatremia. This type of monitoring
allows the accuracy of the choice of IV fluid to be assessed
and therapy to be modified as required.

Most importantly, we recommend giving IV fluids the level
of respect they deserve; they are medications that must be
initiated, dosed, monitored, and discontinued—just like any
other pharmaceutical agent. It is important to put some
thought into the choice of fluid type and rate. It’s even more
important to re-evaluate that choice frequently.

Summary points

& Postoperative patients are at high risk of developing
hyponatremia due to the presence of multiple non-
osmotic stimuli for ADH release.

& IV fluid tonicity and volume affect the risk of postopera-
tive hyponatremia. Use of isotonic fluids will likely reduce
the risk for iatrogenic hyponatremia and its associated
morbidity.

& Postoperative patients on IV fluid therapy need to be re-
evaluated regularly with daily weight measurements, reg-
ular blood pressure monitoring, fluid balance assessment,
and a daily electrolyte panel. IV fluid therapy should be
discontinued promptly when medically unnecessary.

Multiple choice questions (answers are provided following
the questions)

1. Which of the following BEST explains the increased risk
of hyponatremia in postoperative patients?

(A) Patients are limited to oral water intake only when
made NPO (nil per os) in the pre-operative phase

(B) Patients often have multiple non-osmotic stimuli for
ADH release

(C) Patients predominantly receive hypotonic IV fluid
in the intraoperative period

(D) Patients are not at increased risk of developing
hyponatremia in the postoperative period

2. Which of the following is MOST true about IV fluid ther-
apy in postoperative patients?

(A) Postoperative patients should receive IV fluid rate at
twice the maintenance rate (calculated by the
Holliday/Segar method) for the first 12 h after sur-
gery since there is high volume loss during surgery

(B) The use of hypotonic IV fluid in the postoperative
period has been shown to increase the risk of post-
operative hyponatremia

(C) The IV fluid administration rate in the postoperative
phase does not affect the risk of postoperative
hyponatremia at all

(D) Generally healthy postoperative patients tolerate
various types and amounts of IV fluid therapy with-
out complications

3. A 14-year old boy is admitted to the PICU for post-
operative care following a lobectomy to treat necrotizing
pneumonia. On exam, he is alert, awake, and in mild
distress from pain. His heart rate is 114 with blood pres-
sure of 92/42. His eyes appear mildly sunken. Which of
the following should be AVOIDED in this patient’s post-
operative care?
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(A) Correct his volume deficiency with isotonic IV fluid
(B) Start patient-controlled analgesia (PCA) for pain

control
(C) Minimize nauseous stimuli
(D) Start 5 % dextrose in 0.9 % saline at twice mainte-

nance rate
4. Which of the following IV fluid is hyperosmolar and iso-

tonic to plasma?

(A) 5 % dextrose and 0.45 % saline
(B) 0.9 % saline
(C) 5 % dextrose and 0.9 % saline
(D) Lactated Ringer’s

5. A 12-year-old girl underwent an appendectomy 24 h ago
and she has been receiving 5 % dextrose–0.45 % saline at
80 mL/h. She is euvolemic on exam and is in no distress
or pain. She continues to have nausea and is slowly ad-
vancing her diet. Her electrolyte panel is notable for plas-
ma [Na] of 131 mEq/L. The next BEST step is to

(A) Give her ondansetron and make her NPO
(B) Have her eat salty food
(C) Give her 3 % saline bolus
(D) Stop her current IVF and, if oral intake is insuffi-

cient, place her on 5 % dextrose–0.9 % saline
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1) B
2) B
3) D
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