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CLINICIAN’S CAPSULE

What is known about the topic?
Intravenous dextrose halts endogenous ketone produc-

tion and is commonly recommended in dehydrated

patients unable to tolerate oral intake.

What did this study ask?
Is there evidence that the addition of dextrose to intraven-

ous fluids provides a clinicallymeaningful benefit in dehy-

drated patients?

What did this study find?
Intravenous dextrose has not been shown to provide any

important benefit to patients in this setting, but further

research is needed.

Why does this study matter to clinicians?
In dehydrated patients, clinicians should not feel obli-

gated towards dextrose containing solutions, which may

be more expensive and less readily available.

ABSTRACT

Objectives: Intravenous dextrose aids in the resolution of keto-

sis in dehydrated patients not tolerating oral glucose and is

often recommended in this clinical scenario. Our aim was to

determine whether the addition of dextrose to intravenous

rehydration solutions results in decreased hospital admissions

or other clinically important benefits among dehydrated chil-

dren or adults.

Methods: MEDLINE, EMBASE, Web of Science, SCOPUS, and

the Cochrane Library were searched by a medical librarian

from inception through November 2017. The inclusion criteria

were randomized controlled trials comparing dextrose con-

taining intravenous solutions with intravenous solutions with-

out dextrose in patients being treated for dehydration, and not

already hospitalized.

Results: The database and bibliographies search identified

1,472 unique citations. Only two trials (N = 333) met the inclu-

sion criteria. Both compared normal saline with solutions of

dextrose in normal saline. Therewas no statistically significant

difference in admission rates (relative risk = 0.83; 95% confi-

dence interval = 0.62 to 1.10) or revisits (relative risk = 0.54;

95% confidence interval = 0.24 to 1.22). Heterogeneity was

low (I2 = 0). No other outcome results were eligible for pooling,

but neither study found differences in any clinical outcomes.

No adverse events were reported in either trial.

Conclusions: The addition of dextrose to intravenous saline

has not been shown to improve clinical outcomes in dehy-

drated children presenting to the emergency department

with gastroenteritis, but the confidence intervals around the

estimate of effect are wide and include the possibility of sub-

stantial benefit.

RÉSUMÉ

Objectif: Les perfusions de dextrose aident à neutraliser la

cétose chez les patients en état de déshydratation qui ne tolèr-

ent pas la prise orale de glucose, et le traitement est souvent

recommandé dans ces situations cliniques. L’étude visait

donc à déterminer si l’adjonction de dextrose aux solutions

de réhydratation intraveineuse se traduisait par une réduction

du nombre d’hospitalisations ou offrait d’autres avantages

cliniques importants chez les enfants et les adultes.

Méthode: Une recherche a été menée dans les bases de don-

nées MEDLINE, EMBASE, SCOPUS, la plateforme Web of Sci-

ence et la bibliothèque Cochrane Library par un bibliothécaire

spécialisé dans le domaine médical, depuis leur mise sur pied

jusqu’à novembre 2017. Les critères de sélection consistaient

en la recherche d’essais à répartition aléatoire, dans lesquels

étaient comparées des solutions de perfusion additionnées

de dextrose à celles n’en contenant pas chez les patients

externes, traités pour de la déshydratation.
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Résultats: La recherche documentaire dans les bibliographies

et les bases de données a permis de relever 1472 citations

uniques; toutefois, 2 essais (n = 333) seulement satisfaisaient

aux critères de sélection. Dans les deux cas, on comparait

des solutions physiologiques salées à des solutions physiolo-

giques salées additionnées de dextrose. Il n’est ressorti aucun

écart significatif en ce qui concerne le taux d’hospitalisation

(taux relatif [TR] = 0,83; intervalle de confiance [IC] à 95% =

0,62–1,10) ou de reconsultation (TR = 0,54; IC à 95% =

0,24–1,22). Quant à l’hétérogénéité, elle était faible (I2 = 0).

Aucun autre résultat ne se prêtait à une mise en commun,

mais il ne s’est pas dégagé non plus de différence entre les

deux études à l’égard de quelque résultat clinique que ce

soit. Enfin, aucun événement indésirable n’a été signalé

dans l’un ou l’autre des essais.

Conclusion: L’adjonction de dextrose aux solutions physiolo-

giques salées ne s’est pas traduite par une amélioration des

résultats cliniques chez les enfants en état de déshydratation,

traités au service des urgences pour une gastroentérite; toute-

fois, les intervalles de confiance entourant l’estimation des

effets sont larges et pourraient comporter des avantages

importants.

Keywords: dehydration, dextrose, intravenous fluids

INTRODUCTION

Vomiting, diarrhea, and dehydration are common rea-
sons for emergency department (ED) visits and hospita-
lizations, especially in pediatric patients.1–3 Dehydration
is often secondary to gastrointestinal losses but can occur
from renal dysfunction, skin losses such as sweat and
burns, and third space sequestration.4,5 Gastroenteritis
accounts for 10 percent of pediatric admissions and
approximately 300 deaths in children under age 5 in
the United States annually, with a similar disease burden
in Europe.2,6 Oral rehydration is widely recommended
for mild to moderate dehydration.7,8 However, some
patients are unable to tolerate oral rehydration, and IV
crystalloid is frequently used.8–11

Ketosis may complicate dehydration when illness pre-
vents the intake of adequate carbohydrates, leading to
increased free fatty acid breakdown and ketogenesis.5,12

Ketoacidosis occurs when there is no carbohydrate sub-
strate and thus no insulin secretion, triggering lipolysis
and ketogenesis to prevent hypoglycemia.13 Patients
with lower serum bicarbonate levels are less likely to tol-
erate oral fluids,5,14 leading to the belief that acidosis
contributes to failure of oral rehydration. Because the
administration of carbohydrate substrate limits fatty
acid oxidation and ketone production, IV glucose should
encourage the resolution of ketosis and acidosis, hasten-
ing the tolerance of oral intake and speeding recovery.5,15

Children are at increased risk for dehydration5 and
ketosis, due to higher brain energy requirements and
lower glycogen stores to produce glucose in times of
decreased carbohydrate intake.13 Acute dehydration
thus leads to ketonemia sooner in children than adults
(1 day v. 3 days).13,16 These pathophysiologic features

suggest that pediatric patients with dehydration, particu-
larly from vomiting and diarrhea, should be most likely
to benefit from IV dextrose.
The objective of this review was to determine whether

existing evidence from randomized controlled trials
(RCTs) supports the common teaching that the addition
of dextrose to IV rehydration solution improves clinical
outcomes in dehydrated patients not already admitted
to the hospital.We planned a subgroup analysis to deter-
minewhether the evidence supports a larger effect size in
children than adults.

METHODS

This systematic review follows the PRISMA guidelines
for performing and reporting systematic reviews.

Search strategy

MEDLINE (OvidSP and PubMed interfaces),
EMBASE, Web of Science, SCOPUS, and the
Cochrane Library were searched by a medical librarian
through November 10, 2017. MeSH terms included:
Glucose; Administration, Intravenous; Infusions, Intravenous;
Dehydration; and Water-Electrolyte Balance. Keywords
included variations of these terms and truncations to
retrieve any possible alternative use of the terms. Full
strategies are available in the appendix. No date or lan-
guage restrictions were applied. Experts in the field
were queried to identify additional trials. Titles and
abstracts identified by the search were screened inde-
pendently by two authors, and the full text was retrieved
if either author felt the study was potentially eligible. Full
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text retrievals were reviewed independently by both
authors to determine final eligibility for inclusion in
the systematic review, with disagreements settled by dis-
cussion or adjudicated by the third author. The bibliog-
raphies of retrieved articles and related reviews were
searched for additional studies. Lastly, a search was run
on trial registries (e.g., ClinicalTrials.gov) to identify
missed, ongoing, or unpublished trials.

Inclusion-exclusion criteria

Studies included were randomized, quasi-randomized,
or cluster randomized trials comparing an IV solution
containing dextrose at any concentration to an IV solu-
tion containing no dextrose in non-admitted (ED or out-
patient clinic) patients with dehydration. Patients with a
source of fluid losses or decreased intake and a need for
rehydration therapy, in the opinion of the treating pro-
vider, were counted as dehydrated. This definition
reflects how dehydration is clinically diagnosed in out-
patient settings where accurate baseline body weight is
usually unknown. Predefined exclusion criteria were
studies of patients already admitted, those with known
diabetes, hypoglycemia, underlying metabolic disorders,
or known severe metabolic derangements, and patients
with hemodynamic instability. Also excluded were stud-
ies of surgical patients. We chose to exclude inpatients
because the intention of this review was to focus on the
initial resuscitation of dehydrated patients. For similar
reasons, we sought studies evaluating bolus infusions
and excluded trials of maintenance or supra-maintenance
intravenous infusions.

Data abstraction

Two authors independently abstracted data from each
included study using standardized data abstraction
forms. Abstracted information included intervention
and control solutions, inclusion and exclusion criteria,
setting, year and duration of study, and number of
patients in the intervention and control groups meeting
each of our predefined end points, if available. Any dis-
crepancies were to be resolved by discussion and a
re-evaluation of the original manuscript.

Quality appraisal of included studies

Two authors independently assessed the risk of bias
(RoB) of included studies using the Cochrane RoB

tool, a validated quality assessment tool for randomized
trials.17 Discrepancies regarding RoB designation of
any aspects of included studies were resolved by discus-
sion. Colour-coded tables depicting RoB for each
domain of the included studies were created using Rev-
Man 5.3.

Outcomes

The predefined primary outcomewas hospital admission
during the index visit, an objective and patient-important
measure of immediate treatment failure in outpatients.
Several secondary clinical outcomes were identified a
priori and included in the data abstraction, including 1)
length of stay in the ED or clinic, 2) return visits within
1 week to the ED or necessitating IV therapy, 3) admis-
sion to the hospital within 1 week, 4) a change in dehy-
dration scores, and 5) a patient or surrogate reported
change in symptom burden.
Adverse events identified a priori and abstracted

included hyperglycemia (defined as blood glucose
> 200 mg/dL), symptomatic hypoglycemia (blood glu-
cose < 70 with any symptoms), seizure, sepsis diagnosis
within 1 week, and mortality.

Statistical analysis

Meta-analyses were performed using RevMan 5.3. Bin-
ary outcomes were meta-analysed using the Mantel-
Haenszel method, under a fixed-effects assumption if
heterogeneity was low (I2 < 25), or random effects if het-
erogeneity was moderate or high (I2≥ 25, or significant
clinical heterogeneity). Results of binary outcomes are
reported as relative risk (RR) with 95% confidence inter-
vals (CI). Comparisons of continuous variables were to
be reported as the mean difference with 95%CI and cal-
culated using the inverse variance method. We planned
three subgroup analyses: pediatric patients (age < 18
years); pregnant women of any age; and nonpregnant
adults (age≥ 18 years).

RESULTS

Figure 1 demonstrates the flow of study identification.
The literature search identified 1,472 citations. After a
review of titles and abstracts, 24 studies were retrieved
for full text review. Reasons for exclusion are shown in
Figure 1. Only two trials met our inclusion and exclusion
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criteria. Hand searching bibliographies of full text retrie-
vals and related reviews did not identify any additional
trials. Two unpublished trials (NCT01285713;
NCT02054585) were identified on ClinicalTrials.gov.
There were no disagreements regarding study inclusion.

Study characteristics and RoB

The two included trials18,19 were similar in size and the
demographics of enrolled patients. Both trials were per-
formed in the ED and enrolled healthy children with
acute gastroenteritis needing IV rehydration as deter-
mined by the treating clinician. The average age in
each trial was 2–3 years, all patients were diagnosed
with gastroenteritis, and children with chronic illness
were excluded. The average Gorelick dehydration
score was 3–4, which indicates 5%–9% loss of body
weight.20 The control solution in both studies was
0.9% saline (NS). The intervention group in Levy
et al.18 received 5% dextrose in NS (D5NS), whereas

Sendarrubias et al.19 used 2.5% dextrose in NS
(SGNS). Each trial gave a 20 mL/kg bolus of study
fluid, with further hydration determined by the treating
clinician. The primary outcome in both RCTs appeared
to be need for hospitalization, though no outcome was
specified as primary by Sendarrubias et al.19 Both studies
also reported return visits, change in dehydration scores,
and laboratory end points. Further characteristics of each
study, including specific inclusion and exclusion criteria,
can be found in Table 1.
Although patients and interventions were very similar

between studies, the RoB of the two trials was discrepant,
with Levy et al.18 at generally low RoB and Sendarrubias
et al.19 at high RoB. Details are summarized in Table 2.
Both trials were deemed unclear RoB for selective
reporting because adverse events were not defined a
priori. Levy et al.18 was also at unclear risk of “other
bias” for baseline differences between the treatment
arms favouring the D5NS group, and because 55% of
the patients randomized to control (NS) received IV

Figure 1. Literature search results.
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dextrose after the initial bolus, which could bias the
results towards null. The study was low RoB in all
other domains.
The study by Sendarrubias et al.19 was an open label

trial with unclear methods for randomization and allo-
cation concealment. Other RoB was also rated as high

because the study was stopped early after an interim
analysis revealed a much lower than expected
between-group difference in hospital admissions. The
investigators decided to stop the trial after enrolling
145 of a planned 718 children, to propose a larger multi-
centre study.

Clinical results

Both studies18,19 reported on the primary outcome, and
these results were pooled (N = 333). Dextrose containing
IV fluid for dehydration did not result in a statistically
significant decrease in hospitalization at the index visit
when compared with NS (RR 0.83; 95% CI 0.62 to
1.10). These results are summarized in Figure 2. Hetero-
geneity was low (I2 = 0), and the results were unchanged
when analysed using a random effects model.
Both studies reported on the need for further medical

care but used different outcomes. Levy et al.18 used tele-
phone follow-up at 48–72 hours after ED discharge to
assess for unscheduled medical care sought for vomiting
or refusal to drink in that timeframe (n = 100), with 12%
lost to follow-up. Sendarrubias et al.19 reported on
return ED visits among those discharged from the
index visit (n = 101). The reason for the return visit was
not recorded, and the methods do not describe how
this information was obtained. A meta-analysis of these
results is displayed in Figure 3 and did not result in a stat-
istical difference in need for additional medical care after
discharge (RR 0.54; 95% CI 0.24 to 1.22).
Both studies reported on changes in dehydration

scores but used different scales. Levy et al.18 found no

Table 1. Characteristics of included trials

Study Setting Population Exclusion criteria Intervention Control Outcomes

Levy et al.,
2013

ED 188 patients ages 6
months to 6 years
(median age 2–2.4 years,
IQR 1.1–3.9 years),
getting IV hydration for
AGE

Chronic illness; disorder of
glucose metabolism; >7
days symptoms; IVF in last
12 hr; suspected
comorbidity

Dextrose 5% in
0.9% saline

Saline
0.9%

Admission; unscheduled
medical care 48–72 hr;
change in serum ketones
at 2 hr; length of stay;
change in general
appearance score at 3 hr

Sendarrubias
et al., 2017

ED 145 patients ages 6
months to 16 years
(median age 2–3 years,
IQR 1–5 years) with AGE
and moderate to severe
dehydration or failed oral
hydration

>35 kg; hemodynamic
instability; chronic
underlying disease; blood
glucose < 50 mg/dL;
serum sodium
< 125 mmol/L; > 5 days
symptoms

Serum glucose
2.5% in
0.9% saline

Saline
0.9%

Admission; return to ED 7
days; change in Gorelick
dehydration score at 2 hr;
variation in blood glucose
and ketone levels

Table 2. RoB of included studies
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difference in improvement on a “general appearance
score” from 1–5. On average, children in both arms of
the study improved by 1 point at 3 hours. Sendarrubias
et al.19 reported that there was no difference in the
change in Gorelick dehydration score between study
groups, with children in both arms of the trial improving
by 2 points on average after 2 hours. These results could
not be pooled. Length of ED stay was reported only in
Levy et al.,18 who found no difference between those
randomized to D5NS (280 minutes) versus those rando-
mized to NS (288 minutes). None of the other prede-
fined clinical outcomes of this review were reported
in either study. Both studies reported that there were
no adverse events, but these were not well defined in
either trial.

Laboratory results

No cases of symptomatic hypoglycemia were reported,
and Sendarrubias et al.19 states that “hypoglycemia was
not reported” at all. Levy et al.18 found that hypogly-
cemia (blood sugar < 60 mg/dL) was more common in
the NS group at 1 hour, but by 2 hours there was no dif-
ference, with three patients in each group who were
hypoglycemic. None were reported to be symptomatic.
Hyperglycemia (blood sugar > 200 mg/dL) was

reported in four SGNSpatients and 0NSpatients by Sen-
darrubias et al.,19 with the timeframe not specified. Levy
et al.18 did not report hyperglycemic events, but the
median blood glucose in the intervention arm at 1 hour
was 272 mg/dL (interquartile range [IQR] = 221–361).

By 2 hours, this had decreased to 154 (IQR = 121–221).
No cases were reported to be symptomatic.
Both studies reported change in serum ketones as a

secondary outcome. In both trials, dextrose containing
fluid resulted in significantly more rapid clearance of
serum ketones. Sendarrubias et al.19 found that serum
ketones had decreased significantly more at 2 hours in
SGNS treated patients than in NS treated controls
( p < 0.001). By 4 hours, the difference had diminished
and was no longer statistically significantly different
( p = 0.08). Levy et al.18 found thatD5NS-treated patients
had a larger decrease in ketonemia at 2 hours (mean
difference 1.6 mmol/L; 95% CI 0.9 to 2.3 mmol/L).

DISCUSSION

This systematic review found that current evidence does
not support the addition of dextrose to IV solutions to
improve clinical outcomes in healthy dehydrated chil-
dren with acute gastroenteritis. Due to the limitations
of the available evidence, however, no firm recommen-
dations can be made for or against its use. Confidence
in the effect estimate of our primary outcome is low
and was downgraded for imprecision and RoB. For the
outcome of repeat visits, confidence is very low and
was downgraded for imprecision, high RoB, and clinical
heterogeneity. We suggest that, pending the results of
ongoing trials, the use of IV rehydration with or without
dextrose is reasonable in this setting.
The two included trials18,19 were performed in the

patient group most likely to benefit according to

Figure 2. Effect on Hospital Admission

Figure 3. Effect on Revisits
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pathophysiology (vomiting children) and did confirm
that ketone clearance was faster in dextrose-treated
patients. Why this did not result in a clinical benefit is
uncertain. It is possible that the improved ketone clear-
ance is too brief to make a clinical impact. This theory
is supported by the finding that there was no longer
any difference in ketone clearance by 4 hours.19 It is
also possible that ketone clearance rate is wholly unim-
portant, or that the meta-analysis was underpowered to
find clinical differences.
Although our review included only two trials,18,19

additional data from RCTs do exist. Seven RCTs have
evaluated IV glucose in admitted nonsurgical
patients.21–27 While none of these trials suggested any
clinical benefit with dextrose solutions, most did not
report specifics of clinical outcomes. Five of these trials
enrolled severely dehydrated children with presumed
cholera diarrhea.22–26 All five reported that time to rehy-
dration was similar between groups, but only one trial23

gave specific numbers (2.3 v. 2.4 hours). All five studies
reported that all patients made a complete recovery. In
a very different patient population, Akech et al.21 found
no difference in outcomes between Ringer’s lactate
(RL) or half strength Darrow’s solution with 5% dex-
trose (HSD/D5) among malnourished Kenyan children
with shock mostly due to diarrhea (mortality 58%HSD/
D5 v. 45% RL [ p = 0.42]). Tan et al.27 performed the
only trial in any adult population, enrolling 202 patients
admitted for hyperemesis gravidarum, and found that
D5NS produced similar clinical results to NS. While
these inpatient RCTs included almost no quantitative
results and were not included in the review, they all sup-
port our findings of no benefit with the addition of
dextrose.
Our trial registries search identified two additional

studies that appear to meet the inclusion and exclusion
criteria of this review. One of these (ClinicalTrials.gov
NCT01285713) is a small trial that randomized 83 chil-
dren with gastroenteritis to either NS or D5NS and
completed enrolment in 2012. The authors confirmed
that the trial has been completed but is not yet published.
Although specific results were not available, sensitivity
analyses, including the plausible range of results based
on information shared by the authors, found that it is
very unlikely that its inclusion would change the conclu-
sions of our review. The second trial (ClinicalTrials.gov
NCT02054585) is a large multicentre study that plans to
randomize 700 children with dehydration and vomiting
to either D5NS or NS. It is scheduled for completion

in 2019 and should add substantially to what is known
about the utility of dextrose in IV rehydration in
children.

Limitations

The main limitation of this review is the paucity of data
meeting the inclusion criteria. The CIs around the esti-
mate of effect are thus quite wide and include the
possibility that dextrose-containing fluids provide a
substantial clinical benefit that our analysis was under-
powered to detect.
One of the included trials,19 representing almost half

of the total patients in the review, was at high RoB. In
addition to being an open label study, it was stopped
early for futility. It is unclear what effect this may have
had on the results, but the effect size of this trial was
very similar to that seen in the lower RoB study.18

We chose hospital admission as our primary outcome
because it is patient-important, easy to measure, and in
acute dehydration, usually reflective of the response to
treatment. However, it is not an entirely objective out-
come. Factors other than response to rehydration ther-
apy may play a role in the decision to admit or
discharge. Social issues, patient or caregiver comfort,
access to follow-up care, and financial considerations
can all impact the disposition decision, and these consid-
erations may play an even larger role in the decision-
making process when dealing with pediatric patients. It
is possible that unmeasured imbalances of these factors
impacted the results.
We had planned to pool results for multiple clinical

outcomes, but many were not reported in one or both
of the included studies. Subgroup analyses also could
not be performed. All included patients were children
with gastroenteritis, and the included studies did not
provide information to assess the effect in severe versus
mild or moderate dehydration.
There is potential for publication bias. Although we

could not assess for publication bias using a funnel plot
with only two published studies, we did identify one
small, unpublished trial that was completed several
years ago. Our search of trial registries did not identify
other completed and unpublished trials, but more
could exist.
Finally, included studies used different concentrations

of dextrose (5% v. 2.5%) in NS as their intervention.
These two concentrations of dextrose could perform dif-
ferently in this clinical scenario.
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CONCLUSION

The addition of dextrose to IV rehydration solution has
not been shown to decrease hospital admissions, repeat
visits for medical care, or result in any clinical benefit
among pediatric outpatients with acute dehydration.
However, this conclusion is based on two small RCTs
at moderate to high RoB, resulting in CIs surrounding
the estimate of effect that are wide and include the pos-
sibility for substantial benefit. At least one larger trial is
underway. No randomized studies in adult outpatients
were identified.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be found
at https://doi.org/10.1017/cem.2018.500.
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