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Supplemental Information

SUPPLEMENTAL FIGURE 2

Forest plot of all included RCTs using a random-effects model and M-H statistics with the outcome of hyponatremia (sodium <135 mEq/L). df, degrees of
freedom.

SUPPLEMENTAL FIGURE 3

Forest plot of all included RCTs with moderately hypotonic fluids (>70 mEq/L) compared with isotonic fluids. Random-effects model and M-H statistics with
the outcome of hyponatremia (sodium <135 mEq/L) are shown. df, degrees of freedom.
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SUPPLEMENTAL FIGURE 4

Forest plot of all included RCTs using a random-effects model and M-H statistics with the outcome of moderate hyponatremia (sodium <130 mEq/L). df,
degrees of freedom.
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SUPPLEMENTAL FIGURE 5

Algorithm used to describe the selection of maintenance IVFs in children who are acutely ill.
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52–169 mo

3 mo–15 y

1996

2011

2012

2015

Brazel and McPhee48

Choong et al20

Coulthard et al49

Flores Robles and Cuello
García51

6 mo–16 y

12–18 y

1 d–18 y

Almeida et al31

Age Range

Year

2015

Author (Reference)

in the Guideline Report
Intervention
D5 0.9% NaCl, for
respiratory, 50%–90%
of H-S volume, for
abdominal surgery,
100%–120% of H-S
volume, furosemide for
net 0 daily water balance
Hartmann solution at 1.5
mL/kg per h (n = 5)

Included: postoperative elective surgery,
D5 0.9% NaCl ± KCl
euvolemic within 6 h; excluded:
uncorrected sodium abnormalities
before end of surgery, known ADH
abnormalities, required volume
resuscitation or vasoactive infusion,
recent loop diuretics, TPN, cerebral
edema, acute burns, CHF, renal failure,
liver failure, and cirrhosis
Included: postoperative PICU patients
D5 Hartmann solution at
after spinal instrumentation for
maintenance
scoliosis; craniotomy for tumor or
cranial remodeling; excluded: lengthy
instrumentation, ventriculoperitoneal
shunt placed or revised, intracerebral
cyst fenestration, or previously
enrolled
Included: acute medical and/or surgical
D5 0.9% NaCl, for
conditions requiring admission to
respiratory, 50%–90%
general pediatric ward; excluded:
of H-S volume, for
sodium ≤125 or ≥155 on admission;
abdominal surgery,
moderate-to-severe dehydration; need
100%–120% of H-S
for volume resuscitation or vasoactive
volume, furosemide for
infusions; kidney, cardiac, endocrine,
net 0 daily water balance
or CNS disorders with isotonic fluid
contraindicated; recent diuretic use; or
need for ICU admission

Included: medical and/or surgical PICU;
excluded: severe electrolyte and
acid-base disturbances, metabolic
disease, plasma sodium <135 or >150,
and renal insufficiency; excluded from
analysis if fluids were switched or
interrupted <24 h
Included: female patients, postoperative
spinal fusion; excluded: not explicitly
described

Population

D5 0.45% NaCl and D3.3 0.3%
NaCl

D5 0.5% NaCl at two-thirds
maintenance

D5 0.45% NaCl ± KCl

Either D3 0.3% NaCl (n = 4)
or D4 0.18% NaCl (n = 3)

D5 0.45% NaCl, fluid rates
same as intervention

Control

163 randomly
assigned

82 (79 analyzed)

258

12

233 randomly
assigned

N

Sodium lower in hypotonic
groups at 8 h

Sodium lower in hypotonic
groups at 16–18 h

Sodium <135 mEq/L: isotonic 1
in 5, hypotonic: 7 in 7; sodium
<130 mEq/L: isotonic 0 in 5,
hypotonic 4 in 7
Isotonic: 29 in 128 (22.7%) had
hyponatremia; hypotonic:
53 in 130 (40.8%) had
hyponatremia

Group A (0.9% NaCl) sodium
increased by 2.91 mEq/L.
No change in pH; Group B
0.45 NaCL 15% patients with
sodium <135

Findings and/or Results

SUPPLEMENTAL TABLE 3 Evidence for Fluid Guideline, Including All Clinical Trials of Maintenance IVFs for Children Ages 0–18 Years Published Through March 15, 2016, Using the Search Criteria Described

Year

2015

2013

2010

2014

2008

Author (Reference)

Friedman et al32

Jorro Barón et al50

Kannan et al52

McNab et al35

Montañana et al53

TABLE 3 Continued
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29 d–18 y

3 mo–18 y

3 mo–12 y

1 mo–18 y
(median
3–18
mo)

1 mo–18 y

Age Range

Population
Included: patients requiring admission
to general pediatric ward; exclusions:
cardiac, renal or hepatic failure;
hemoglobulin <6 g/dL, portal
hypertension with ascites, metabolic
disease, DI, DM, hypertension, adrenal
insufficiency, nephritic or nephrotic
syndrome, and Kawasaki disease. Also
excluded if patient was edematous,
required ICU care, or on diuretics or
had glucose >270 mg/dL
Included: mixed medical and/or surgical
with expected PICU stay >24 h with
normal serum sodium; excluded:
previous kidney failure, liver failure
with ascites and portal hypertension,
adrenal insufficiency, nephrotic
or nephritic syndrome, Kawasaki
disease, sickle cell, DI, congenital
metabolic disease, glucose >200, TPN,
hyperhydration, tumor lysis syndrome,
on chemotherapy, readmission to PICU
Included: children who were hospitalized
needing IV fluids for 24 h; excluded:
initial hyponatremia or hypernatremia,
postoperative, dehydration, shock,
severe malnutrition, cirrhosis, CHF,
renal failure, nephrotic syndrome, or
on drugs affecting plasma (sodium)
Included: medical, presurgical, recruited
in ED and presurgery; excluded: initial
hyponatremia or hypernatremia, DI,
DKA, dialysis, increased renal sodium
excretion, pre- and/or postoperative
neurosurgery, craniofacial surgery,
chemotherapy, meningitis, severe liver
disease, certain metabolic disorders,
and <6 h IV fluids
Included: PICU medical and surgical;
excluded: kidney failure, risk of
cerebral edema, initial sodium <130
or >150, >5% dehydration; included
brain pathology and surgery, cardiac
surgery, and abdominal surgery
D5 NaCl 140 mEq/L and
potassium 15 mEq/L

D5 PlasmaLyte 148

Group A: D5 0.9% NaCl at
standard maintenance
rate

D5 sodium 2–4 mEq/L/kg
per 24 h (20–100 mEq/L)

D5 0.45% NaCl

Group B: D5 0.18% NaCl at
standard maintenance
rate; Group C: D5 0.18%
NaCl at two-thirds
standard maintenance
rate

D5 0.45% NaCl ± KCl

D5 0.9% NaCl ± KCl, rate of
1500 mL/m2 if >10 kg, 80
mL/kg if <10 kg

Control
D5 0.45% NaCl

Intervention
D5 0.9% NaCl

N

122

690 randomly
assigned
(676
analyzed)

167

66 randomly
assigned (63
analyzed)

110 randomly
assigned

Findings and/or Results

20.6% hyponatremia in
hypotonic group versus 5.1%
in isotonic group at 24 h

Hyponatremia: 4% in isotonic,
11% in hypotonic within 72 h

Hyponatremia within 48 h: Group
A, 1.72%; Group B, 14.3%;
Group C, 3.8%

Isotonic sodium (after infusion):
mean 140 ± 4.1 mEq/L;
hypotonic (after infusion):
mean 137.8 ± 4.3 mEq/L
(P = .04); isotonic, 4 in 31
hyponatremic (<135 mEq/L)
and hypotonic 5 in 32 hypoNa

No change in sodium at 48 h
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Year

2010

2014

2016

2011

2011

Author (Reference)

Neville et al54

Pemde et al67a

Ramanathan et al55

Rey et al56

Saba et al57

TABLE 3 Continued

No cutoffs
defined;
IQR
21–122
mo
3 mo–18 y

2 mo–5 y

3 mo–5 y

6 mo–15 y

Age Range

Population

Intervention

Included: patients for elective or
D2.5 0.9% NaCl at 100% or
emergency surgery; excluded: <8
D5 0.9% NaCl at 50%
kg, significant blood loss, surgical
maintenance rates
association with SIAD, known ADH
secretion abnormality, nephrogenic
DI, pituitary or hypothalamic disease,
kidney disease, acute and/or chronic
lung disease, and drugs known to
stimulate ADH secretion
Included: sign and symptoms suggestive
D5 0.9% NaCl and KCL 20
of CNS infection requiring IVFs;
mEq/L
excluded: initial sodium <135 or >150,
renal disease, hepatic failure with fluid
retention, shock, diarrhea, endocrine
disorder, severe malnutrition, and
head trauma
Included: general pediatric ward
D5 0.9% NaCl and K 20
with severe pneumonia; excluded:
mEq/L
cardiovascular compromise,
renal failure, nephrotic syndrome,
decompensated chronic liver
disease, CHF, diarrhea, meningitis,
on diuretics, endocrinopathy, severe
acute malnutrition, and IVFs from
transferring hospitals
Included: PICU medical and/or surgical
D5 156 mEq/L tonicity
patients; excluded: CHF, electrolyte
(sodium 136 mEq/L plus
alterations requiring specific IVF, renal
K, 20 mEq/L)
function abnormality, fluid restriction,
and parenteral nutrition needs
Included: ED and postoperative; excluded: D5 0.9% NaCl
baseline sodium <133 or >145; renal
disease, cardiac disease, hypertension,
on diuretics, edema, adrenal
dysfunction, and acute or severe
neurological disease

Control

D5 0.45% NaCl

D5 50–70 mEq/L (sodium
30–50 mEq/L plus
potassium 20 mEq/L)

D5 0.18% NaCl and 20 mEq/L
KCL

D5 0.45% NaCl and KCl 20
mEq/L or D5 0.18% NaCl
and KCl 20 mEq/L

D2.5 0.45% saline at 100%
maintenance or D5
0.45% NaCl at 50%
maintenance rates

N

37

125

119

92

124

Findings and/or Results

No difference in hyponatremia
but rate of change in sodium
for 0.9% group was less in
0.4% group (3 vs 1 mEq/L) but
not significant; the 0.9% group
had significant increase in
sodium at 12 h from baseline,
0.2 mEq/L/h compared with
0.45% group of 0.08 mEq/L
per h

At 12 h: sodium levels 133.7 ±
2.7 mEq/L in hypotonic versus
136.8 ± 3.5 mEq/L in isotonic
(P = .001)

At 6, 12, or 24 h, 15%
hyponatremia in isotonic
versus 48% in hypotonic fluid
group

Hyponatremia 16% in 0.9%
group, 53% in 0.45% group,
65% in 0.18% group

Sodium fell by >2 mEq/L in 35
of 62 children on 0.45% NaCl
(16 of 31; 100%) compared
with 12 of 62 in the 0.9% NaCl
group (3 of 31; 100%; P <
.001) between induction of
anesthesia and T8
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2015

2009

Shamin et al58

Valadão et al60

Yung and Keeley59

0.9–15.9 y

1–14 y

6 mo–12y

Age Range

Population

Included: PICU medical and/or surgical
patients expected to receive
maintenance IVFs >12 h; excluded:
diabetes, renal failure, shock, and
neonates

Included: diagnosed acute appendicitis
and eligible for surgical treatment;
excluded: not described

Included: inpatient, nonsurgical, need
IV for 48 h; excluded: sodium <130
or >150, acute gastroenteritis,
hemodynamic instability, kidney
disease, cardiac disease, uncontrolled
seizures, severe developmental
delay, DM, DI, severe malnutrition,
hypertension, diuretic use, edema,
adrenal dysfunction, and recent IVFs

Intervention

0.9% NS at maintenance or
restricted rate

Isotonic fluids (150 mEq/L
and 30 mEq/L potassium
plus 5% glucose) at 2000
mL/m2 per 24 h

D5 0.9% NaCl and 10 mEq/L
KCL at 60% maintenance

Control

4% dextrose with 0.18%
at maintenance or
restricted rate

Hypotonic fluids (30 mEq/L
sodium and 30 mEq/L
potassium plus 5%
glucose) at same volume

D5 0.18% NaCl and 10 mEq/L
KCL at full maintenance

N

50

57

60

Findings and/or Results
Hyponatremia 33.3% (n = 10) in
isotonic group, 70% (n = 21)
in hypotonic group (RR 0.48;
(95% CI, 0.27–0.83; P = .01).
Of patients who developed
hyponatremia, 9 had values
<125 mEqL (2 in isotonic and
7 in hypotonic groups). Using
serum sodium levels <135
mEq/L, 25 in the hypotonic
and 16 in the isotonic group
were hyponatremic at 24
h (P = .009); at 48 h, 20
in the hypotonic and 6 in
the isotonic group were
hyponatremic (P < .001).
Hypernatremia at 48 h in 3 IF
(P = .27). Higher potassium
at 48 h in the IF group was
4.45 vs 3.63 (P = .01). More
acidosis at 48 h in the IF
group, 7.32 vs 7.38 (P = .01).
Isotonic: mean sodium increase
of 1.7 mEq/L; hypotonic: mean
sodium increase of 1.2 mEq/L
at 24 h; at 48 h, decrease of
0.8 mEQ/L in both groups
Plasma sodium fell in all groups;
fluid type (P = .0063) but not
rate (P = .12) was significantly
associated with fall in plasma
sodium.

DI, diabetes insipidus; DKA, diabetic ketoacidosis; DM, diabetes mellitus; ED, emergency department; hypoNa, hyponatremia; H-S, Holliday-Segar; IF, intravenous fluid; IQR, interquartile range; NS, normal saline; RR, relative risk; TPN, total parenteral
nutrition; T8, 8 h after extubation.
a This article was discovered after the subcommittee convened in 2016 and was not included as part of the systematic review, Forest plots, or discussion of recommendations. It is included in the table for completeness.

Year

2014

Author (Reference)

TABLE 3 Continued
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SUPPLEMENTAL TABLE 4 Study Appraisal for Risk of Bias
Study

Bias Type
Randomization

Almeida et al31
Brazel and McPhee48
Choong et al20
Coulthard et al49
Flores Robles and
Cuello Garcia51
Friedman et al32
Jorro Barón et al50
Kannan et al52
McNab et al35
Montañana et al53
Neville et al54
Ramanathan et al55
Rey et al56
Saba et al57
Shamim et al58
Valadão et al60
Yung and Keeley59

Allocation
Concealment

Performance

Detection

Attrition

Reporting

Other

Low
Unclear
Low
Low
Low

High
Unclear
Low
Low
Low

Unclear
Unclear
Low
Low
Unclear

Unclear
Low
Low
Low
Low

High
Low
Low
Low
Low

Low
Low
Low
Low
Low

Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Unclear
Low
Low
Low
Low
Unclear
Low

Low
Low
Low
Low
Low
Low
Low
Unclear
Low
Low
Unclear
Low

Low
Low
Low
Low
Unclear
Unclear
Unclear
Unclear
Low
Unclear
Low
Low

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Unclear
Low
Low
Unclear
Low
Unclear
Low

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Adapted from Higgins JP, Green S, eds. Cochrane Handbook for Systematic Reviews of Interventions. Version 5.1.0. Updated March 2011. London, United Kingdom: The Cochrane Collaboration;
2011. Available at: http://handbook-5-1.cochrane.org/. Accessed July 6, 2018.
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