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Abstract

Aim: To determine the comparative effectiveness of fluid schemes for children with
diabetic ketoacidosis (DKA).

Methods: We conducted a systematic review with an attempt to conduct network
meta-analysis (NMA). We searched MEDLINE, EMBASE, CENTRAL, Epistemonikos,
Virtual Health Library, and gray literature from inception to July 31, 2022. We
included randomized controlled trials (RCTs) in children with DKA evaluating any intra-
venous fluid schemes. We planned to conduct NMA to compare all fluid schemes if
heterogeneity was deemed acceptable.

Results: Twelve RCTs were included. Studies were heterogeneous in the popula-
tion (patients and DKA episodes), interventions with different fluids (saline, Ringer’s
lactate (RL), and polyelectrolyte solution-PlasmaLyte®), tonicity, volume, and admin-
istration systems. We identified 47 outcomes that measured clinical manifestations
and metabolic control, including single and composite outcomes and substantial het-
erogeneity preventing statistical combination. No evidence was found of differences
in neurological deterioration (main outcome), but differences were found among inter-
ventions in some comparisons to normalize acid-base status (~2 h less with low vs. high
volume); time to receive subcutaneous insulin (~1 h less with low vs. high fluid rate);
length of stay (~6 h less with RL vs. saline); and resolution of the DKA (~3 h less with
two-bag vs. one-bag scheme). However, available evidence is scarce and poor.
Conclusions: There is not enough evidence to determine the best fluid therapy in terms
of fluid type, tonicity, volume, or administration time for DKA treatment. There is an
urgent need for more RCTs, and the development of a core outcome set on DKA in
children.

KEYWORDS
core outcomes set, crystalloid solutions, diabetic ketoacidosis, fluid therapy, infusions, intra-
venous, neurologic manifestations
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1 | INTRODUCTION

Type 1 diabetes mellitus (T1DM) is children’s most frequent endocrine
disease. Globally, 542,000 children are diagnosed with T1DM, with an
estimated 86,000 new cases yearly.1? Diabetic ketoacidosis (DKA) is
one of its main complications, and its incidence varies from 1 to 12
cases per 100 individuals/year.3-> DKA is defined as the presence of
serum glucose > 200 mg/dL (> 11 mmol/L), pH < 7.3 or serum bicarbon-
ate < 15 mmol/L, and ketonemia or ketonuria.* Cerebral edema (CE)
occurs in 0.5-1% of DKA patients, with 50-60% mortality rates.®”
Crystalloids are the most frequent intravenous fluids used in man-
aging DKA, especially 0.9% saline solution (0.9% saline). However,
given 0.9% saline’s supraphysiological sodium content,? guideline rec-
ommendations on the best fluid vary; some recommend rehydration
with 0.9% saline,® while others suggest using balanced solutions.*”
Balanced solutions, compared to 0.9% saline, contain less sodium and
chloride, additional cations and anions, and a composition closer to
plasma. Balanced solutions have proven to be superior to 0.9% saline
in reducing metabolic acidosis in critically ill adults and children.?10.11
Several RCTs have been conducted in children with DKA. As aresult,
the most effective and safest fluid and infusion scheme to manage
DKA in children remains unknown.2-14 Therefore, through a sys-
tematic review and network meta-analysis (NMA), this work sought
to determine the comparative effectiveness—in terms of neurologi-
cal deterioration and metabolic control—of the fluid schemes used to

rehydrate children with DKA.

2 | METHODS

This was a registered (PROSPERO: CRD42020166793) systematic
review with attempted network meta-analysis. We followed the
PRISMA 2020 statement® and the guidelines from the synthesis
without meta-analysis (SWiM) guidelines to prepare this report.1¢

2.1 | Eligibility criteria

We included randomized controlled trials (RCTs) evaluating chil-
dren < 18 years old with DKA who underwent an initial fluid admin-
istration. Interventions of interest included any rehydration scheme
using any solution (e.g., but not restricted to, 0.9% saline, Ringer’s
lactate or polyelectrolyte solution), regardless of the administration
strategy, including different fluid concentrations, volume, infusion
rates, or bag systems compared to each other. We excluded studies
including patients with preexisting neurological conditions affect-
ing mental status or those that allowed fluids administration before
randomization.

The primary outcomes were neurological deterioration (a decrease
in the Glasgow Coma Scale score) and time to recover from neurolog-
ical deterioration. Secondary outcomes were time needed to correct
hyperglycemia (<200 mg/dL), time to achieve pH >7.30, time to achieve

bicarbonate >15 mmol/L, time to receive subcutaneous insulin, length

of stay, incidence of CE, hypoglycemia events, and the total amount of
administered fluids.

2.2 | Searches, studies selection, and data
extraction

We searched MEDLINE (PubMed), EMBASE, Cochrane Library, Epis-
temonikos, Virtual Health Library, gray literature, and hand-searches,
from database inception until July 31, 2022, without language restric-
tion (Supplementary Material 1). Two authors (DPG, ADL) indepen-
dently and in duplicate, screened titles, and abstracts, retrieving and
reviewing the full texts of abstracts they considered eligible. We
included the studies in which both reviewers agreed on their eligibil-
ity. Three authors (DPG, ADL, GCB) extracted, independently and in
duplicate, the following information: publication details, funding infor-
mation, characteristics of participants, interventions, comparisons, and
outcomes. Three independent authors (DPG, ADL, GCB) evaluated the
risk of bias (RoB) using the Cochrane tool 1.0,17 on our primary out-
come or any secondary one, when the former was not available. The
RoB was classified as “high,” “low,” or “unclear.” Studies were consid-
ered with high RoB when at least one domain was classified as high risk.
Disagreements in all the steps were resolved by consensus with other
authors (JAC, IDF).

2.3 | Data synthesis

We planned to perform random effects pairwise meta-analyses of
available direct comparisons, calculating combined estimates per out-
come (risk ratio and mean differences for dichotomous and continuous
outcomes) and measuring heterogeneity using the 2 statistic. We
planned to conduct an NMA to provide network estimates by com-
bining direct and indirect evidence. However, due to the scarcity of
information, substantial heterogeneity, and the different measures of
the outcomes, we could not perform a direct meta-analysis or NMA.
Therefore, we summarized narratively the effect estimates for each
study per outcome and described all the available outcomes in tables.

3 | RESULTS
3.1 | Studies characteristics

We identified 5616 records, and after removing duplicates, we
screened 5136 references, of which 20 were potentially eligible
studies. We excluded eight studies (Supplementary Material 2), and
included 12 (Figure 1), which are described in detail in Table 1. Figure 2

displays the network plot of the available direct comparisons.

3.2 | Risk of bias

14,18-27

We assessed 11 studies, as one study was published

as an abstract, and we could not obtain the full text.28
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Identification of studies via databases

Identification of studies via other methods

Databases (n = 5) Records removed before

screening:
Pubmed: 464 —
Embase: 808 Duplicate records removed
Cochrane Central: 193 =480
Epistemonikos: 503
BVS: 275
Total =2723

Other methods (n = 4)

Clinicaltrials.gov: 33
FDA: 456
EMA: 2402
Open Gray: 2

Total = 2893

!

Records screened = 2243 [—® Records excluded = 2227

Records screened = 2893 [P Records excluded = 2889

Records assessed for

eligibility = 16 Records excluded =4

Reason:
-Observational study: 4

Records assessed for | | Records excluded =4

eligibility = 4
Reason:

Total studies

-Ongoing study: 2
-Suspended study: 1
-Non-clinical chemistry
study: 1

Abbreviations:
BVS: Biblioteca Virtual en Salud
FDA: U.S Food & Drug Administration

included in review =12

FIGURE 1 PRISMA 2020 flowchart.

Randomization!418.1921-27 and allocation concealment!419-2325-27
methods were adequate in 10 and 9 studies, respectively. There was
no blinding of clinicians in eight RCTs,1418-21.232426.27 4nd it was
deemed that the outcomes were not likely to be influenced by the
lack of blinding in five RCTs.141920.26.27 Tyyo RCTs were classified as
unclear RoB due to incomplete data regarding follow-up,?*2°> and
one?* and three!82223 RCTs were classified as high and unclear RoB,
respectively, due to selective reporting. One RCT was classified as
having high RoB due to early stoppingZ° (Figure 3).

3.3 | Primary outcomes

No studies reported time to recovery from neurological deteriora-
tion. Neurological deterioration was reported in three studies.41%:26
One RCT compared two protocols using different intravenous fluid
bolus and assumed different fluid deficits, different deficit replace-
ment rates, and fluid replacement with 0.9% saline followed by 0.45%
saline according to glycemia; one patient in one protocol had neuro-

logical deterioration (Glasgow Coma Scale, GCS < 14).1? The PECARN

EMA: European Medicines Agency

FLUID trial compared two fast versus two slow fluid administration
rate schemes, with 0.45% saline versus 0.9% saline, respectively. Of
1361 DKA episodes evaluated, 3.5% had GCS decline, although no evi-
dence of a difference between interventions was observed.'* Another
study, a secondary analysis of the PECARN study evaluated, found that
serum sodium concentration and neurological deterioration events
were similar in patients with and without declines in glucose-corrected

sodium concentration?® (Table 2).

3.4 | Secondary outcomes

The time needed to correct hyperglycemia was evaluated by one
RCT comparing 3% versus 0.9% saline during the fluid resuscitation
phase (first hour of management). The authors did not report dif-

ferences between groups?* (Table 2). Four studies?!-2328

reported
the time to achieve pH >7.30 and compared: (1) early oral ver-
sus intravenous rehydration (without specifying the type of fluid
or its concentration);?® (2) two-bag versus one-bag systems?3; (3)

Ringer’s lactate versus 0.9% saline??; these three studies observed no
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3% solution
Bolus 1 h

0.9% solution

Bolus 1 h

Fast 0.45% solution 36 h

Fast 0.9% solution 36 h

Slow 0.45% solution 48 h

Slow 0.9% solution 48 h

One bag

Two bags

High-volume 0.9% solution bolus
0.675% solution 1.5 times maintenance \

Low-volume 0.9% solution bolus
0.675% solution 1.25 times maintenance

Plasmalyte-A

Orals fluids

Intravenous fluids

0.9% solution

Low volume+infution rate
0.9% solution bolus _ infution rate 48 h

High volume-+infution rate
0.9% solution bolus _infution rate 24_24 h

/ 0.9% solution 12 h

Hartmann 12 h

FIGURE 2 Network plot of the available direct comparison among different fluids schemes.
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FIGURE 3 Risk of bias of included studies.

differences among the interventions; and (4) higher (20 mL/kg 0.9%
saline) versus lower infusion volume (10 mL/kg 0.9% saline) during
resuscitation and maintenance (0.675% saline + potassium replace-
ment at 1.5 times versus 0.675% saline + potassium replacement at
1.25 times)2! while this last one reported a longer time to achieve pH
>7.30in the higher infusion volume group?! (Table 2).

Time to achieve bicarbonate >15 mmol/L was reported by two

2122 comparing Ringer’s lactate versus 0.9% saline?? and

studies,
higher volume versus lower volume during resuscitation (20 mL/kg
vs. 10 mL/kg with 0.9% saline).2 Both studies showed no differences
between the groups (Table 2).

Time to receive subcutaneous insulin was reported by two
studies.?227 A secondary analysis?” of the PECARN study!* compared
rapid versus slow infusion speeds and 0.45% saline versus 0.9% saline;
the time to receive subcutaneous insulin was longer with the rapid
infusion. The second study compared Ringer’s lactate versus 0.9%
saline and found no differences between them?? (Table 2).

Length of hospital stay was reported by four studies.21:2225.28
One RCT found a shorter stay in PICU or high-dependency units
in the Ringer’s lactate group compared with 0.9% saline.??2 The
remaining studies reported no evidence of differences among

interventions.2125.28

Cerebral edema (CE) was reported by three studies,?12324

compar-
ing 3% versus 0.9% saline during the resuscitation phase, two bags
versus one bag, and higher versus lower volume. The incidence of hypo-
glycemia was evaluated only by one RCT, which found a similar number
of episodes in both interventions (two vs. one bag).23 Finally, none of

the studies reported the total amount of fluids administered (Table 2).
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TABLE 3 Outcomes evaluated in the included studies and other outcomes.

Outcomes from our review Other outcomes from the studies

Primary Secondary

Studies o1 02 o3 04 05 06 o7 08 09 010 Primary Secondary

Glaser et al. (2021) - (36) (16)
Rewers et al. (2021) - (1) (2)

Tej Kola et al. (2020) - (3) (4),(5),(6)

Williams et al. (2020) (7) (4),(8),(9),(10),(11),(12)
Shafi et al. (2018) ] (9).(13),(14)

kuppermaneet al. 2018) [ (15) (14), (16), (17), (18), (38)
Dhochak et al. (2018) ( (9),(14),(20), (21)

Bakes et al. (2016) (9) (4),(5),(22),(23)

Yungetal.(2017)
Ferreiraet al. (2015)

Glaser et al. (2013) -

Poirier et al. (2004)

(5),(24),(25),(26), (27), (4), (28)

(14) (29),(30)

(29) (15),(26), (31), (32), (33), (34),
(35)

< =
= X

Outcomes from our review: O1, neurological deterioration; O2, time to recovery of neurological status; O3, time needed to correct hyperglycemia; O4, time
to achieve pH >7.30; O5, time to achieve bicarbonate >15 mmol/L; O, time to receive subcutaneous insulin; O7, overall length of stay; O8, cerebral edema;
09, total amount of fluids administered; 010, incidence of hypoglycemia.

Other outcomes from the studies: (1) rates of change in pH, PCO2, anion gap, glucose, glucose-corrected sodium, chloride, and potassium during treatment,
(2) rates of adverse events related to changes in glucose and electrolytes (hyperchloremic acidosis and hypernatremia), (3) efficacy of oral vs. intravenous fluid
(IV) therapy in correction of dehydration in DKA (pH > 7.25), (4) length of stay per service, e.g., ICU, (5) time to normalization pH, (6) time to improvement of
hyperchloremic acidosis, (7) incidence of new onset or progressive Acute Kidney Injury, (8) rate of resolution of AKI, (9) time to resolution of DKA, (10) change
in chloride, pH and bicarbonate levels (baseline, 24 h), (11) proportion in-hospital all-cause mortality, (12) proportion of children requiring renal replacement
therapy, (13) changes in heart rate, blood pressure, respiratory rate, sodium levels, chloride levels, lactate, pH and blood sugar at 1, 2,4, 6, 12,24 and 48 h, (14)
cerebral edema, (15) confirmed decline in Glasgow Coma Scale score to < 14, (16) short-term memory (digit-span recall test, forward slope), (17) digit-span
recall test, backward slope, (18) 1Q 2 to 6 months after the episode of diabetic, (19) blood glucose variability, defined as number of episodes of undesirable
BG change (hourly BG change (either increase or decrease > or = 50 mg/dL)), (20) episodes of hypoglycemia (BG < 50 mg/dL), (21) hypokalemia (serum
potassium < 3.5), (22) time to bicarbonate normalization, (23) development of adverse outcomes, (24) time to commence SC insulin, (25) time to commence
oral intake other than water, (26) time to change in fluid type, (27) total insulin requirement per kg, (28) time to normalization (< 16.1 mmol/L) of anion gap,
(29) brain NAA/creatine ratio & brain lactate measured by MR spectroscopy, cerebral blood flow & oxygen saturation measured by MR perfusion weighted
imaging & near infrared spectroscopy, (30) mental status evaluated by Glasgow Coma Scale Scores, (31) rate of decline in serum glucose in mg/dL, (32) rate of
serum bicarbonate correction in mEg/h, (33) total time on IV insulin therapy, (34) response time for changes in |V fluid glucose concentration and rate, (35)
total number of IV bags used, (36) glucose-corrected sodium concentration.

35 | Summary of reported outcomes planned statistical pooling. Thus, we could only descriptively summa-

rize the results. Most of the studies showed that they were of low
The included trials reported 36 additional outcomes apart from our risk.
prespecified outcomes of interests, including some of the composite
outcomes. Namely, in total, 46 outcomes have been reported in DKA
fluid trials. This heterogeneity in the measurement of the outcomes is 4.1 | Types of fluids
detailed in Table 3. None of the studies reported the time to recovery of
neurological status or the time to resolution of DKA and the most com- Two studies compared balanced solutions (polyelectrolyte solution?
mon outcomes across the trials were: time to achieve pH >7.30, overall and Ringer’s lactate®?) with 0.9% saline, with one finding a shorter
length of stay, and CE that were measured by four studies each. length of hospital stay with Ringer’s lactate?? without evidence of
differences in metabolic outcomes.?? Guidelines for DKA manage-
ment recommend 0.9% saline as the first-line fluid due to its low cost

and widespread availability.*” However, 0.9% saline contains supra-

4 | DISCUSSION

physiological levels of sodium and chloride (154 mmol/L each, and no

This systematic review sought to evaluate differences in the clinical
deterioration and metabolic control among different fluids in DKA.
However, we found substantial heterogeneity in population, interven-

tions, and outcomes measurement, preventing us from conducting the

electrolytes), and it has been associated with metabolic acidosis, longer
hospitalizations, and acute renal injury.?3%:31

The alternative to 0.9% saline is the balanced solution (Ringer’s lac-
tate and polyelectrolyte solution), which contains less sodium and less
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chloride and contains additional cations, (calcium, potassium, and mag-
nesium), and buffer anions (lactate, acetate, and gluconate); therefore,
hyperchloremic acidosis is less likely to occur.”-3%:32 Although robust
evidence in DKA is lacking, balanced solutions might be reasonable
alternatives to 0.9% saline to rehydrate children with DKA. Unfor-
tunately, we could not evaluate the potential differences between
balanced solutions and 0.9% saline.

42 | Tonicity

The tonicity of saline solutions (i.e., 0.9%, 0.45%, 0.675%, and 3%)
has been studied for DKA treatment. However, studies found no evi-
dence of differences in neurologic and metabolic outcomes associated
with them.1424.26.27 Tonicity corresponds to the effective osmolarity,
or the net force of water movement across the cell membrane, based
on the osmotic pressure determined by the sodium content.33 In recent
decades, fluids in DKA have been debated as their inappropriate use
could lead to the development or worsening of CE associated with

tonicity or the rate of fluid administration.*3234

4.3 | Infusion rate and volume

Cerebral injuries occur in 0.5%-0.9% of episodes of DKA in
children,’#35 and CE is the most feared complication. CE is asso-
ciated with excessive rates of fluid infusion, mainly when associated
with rapid declines in serum osmolality. According to this hypothesis,
CE should be reduced by administering fluids at slower rates.3¢3”
In this review, three studies reported on administration rates
(fast vs. slow),1#1%2¢ and two reported on the volume (high vs.
low)1%21 without differences in neurological deterioration rates.
One study reported a longer time to initiation of subcutaneous

27

insulin therapy with a fast infusion,”’ another found a longer time

21

to achieve pH >7.30 with higher volume,“* and another reported

higher glucose-corrected sodium concentrations at 12 h with fast

infusion.2¢

4.4 | Administration system

The one-bag system consists of an initial administration of a fluid with
electrolytes and subsequent administration of dextrose to prevent
hypoglycemia. This approach has been associated with slow response
times and increased hospital costs.383 Meanwhile, the two-bag sys-
tem consists of one bag with the fluid with electrolytes and another
with a fixed dextrose concentration (e.g., 10% or 12.5%). By adjusting
the administration rates of each bag individually, we provide different
concentrations of glucose while keeping a constant final fluid deliv-
ery. Some advantages of this system are a faster fluid rate of change,
fewer intravenous fluid bags and, therefore, a potential reduction in
related costs. Although no differences were found between the two-

bag and the single-bag system in terms of clinical outcomes, 82923 one

study reported a faster time to resolution of the DKA with the two-bag
system.20

Although the evidence is scarce and rather poor, no evidence of
differences in neurological deterioration with varying saline tonic-
ity, infusion rate, or volume was found.*® The schemes that show
differences in some outcomes indicate that low volumes and slow
rates of 0.9% saline may be superior to high volumes and fast rates,
respectively; Ringer’s lactate may also be superior to 0.9% saline in
terms of PICU length of stay; and the two-bag system may be supe-
rior to the one-bag system. However, these differences were found

in secondary outcomes, and further studies were needed to confirm
them.14.19.21,26,27

4.5 | Heterogeneity and the need for core
outcomes set

As mentioned, the studies were highly heterogeneous. In terms of
population, the unit of analysis was, in some studies, the num-
ber of patients,1921222428 \hile in others, the number of DKA
episodes.'*25-27 |nterventions could not be grouped due to var-
ied tonicities and uses of different solutions and volumes for
boluses.1#18-21.24.2527 Moreover, maintenance volume replacement
was calculated with different percentages of the estimated water
deficit.1418.19.22.24 With respect to infusion rates, slow and fast infu-
sion schedules for 24, 36, 48, and 72 h or until the patient’s stability
was achieved were evaluated.1#1%:2224 | astly, three studies evaluated
the double-bag system.1820.23

Nonetheless, the heterogeneity in the outcomes measured con-
cernsus the most. We planned to measure ten outcomes and found that
studies reported 36 additional ones. Using very different outcomes
to measure effectiveness and safety in studies addressing the same
clinical question may negatively affect the development of clinical tri-
als, systematic reviews, and clinical practice guidelines.**2 Moreover,
practical recommendations produced by guidelines will differ if a lack
of consensus exists on the best outcomes to measure.*”-2 The develop-
ment of core outcome sets (COS) may solve this problem;** COS could
standardize the best outcomes to measure and report as a minimum in
RCTs in children with DKA.#14445 The benefits include reducing het-
erogeneity, reporting bias, and involving people to identify clinically
relevant outcomes without affecting innovation in research.#1:4445
COS have been developed for pediatric diseases such as diarrhea, bron-
chiolitis, and autism, among others.*¢ Our study highlights how the lack
of consensus on the DKA outcomes affects evidence generation; thus,
COS should be a priority in this field.

4.6 | Strengths and limitations

This study has several strengths. We followed the Cochrane hand-
book to guide the conduction and the recommendations for reporting
evidence syntheses studies without meta-analysis.’® Also, our meth-

ods were prespecified in our registered protocol. There are also some
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limitations to describe; the high heterogeneity prevented us from con-
ducting an NMA.*” The lack of agreement on the best trial outcomes
affects these syntheses and the development of guidance to support
clinical decisions. Finally, additional factors not explicitly mentioned in
the studies, such as comorbidities and time to receive subcutaneous

insulin, among others, may have impacted the results. One study could

not be evaluated because it was published as an abstract.?®

4.7 | Conclusions

Our review could not determine the best rehydration scheme regard-
ing fluid type, tonicity, volume, or infusion rate for managing DKA in
children. Very scarce evidence suggests that low volumes and slow
rates might be superior to high and fast rates, Ringer’s lactate might be
superior to 0.9% saline, and the two-bag system may be superior to the
one-bag system. Available RCTs have significant heterogeneity in the
population, intervention, and outcomes, preventing us from a statisti-
cal combination. Our findings support further efforts to develop a COS
for DKA in children.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

ORCID

Ginna Cabra-Bautista "* https://orcid.org/0000-0002-4134-100X

Ivan D. Florez "= https://orcid.org/0000-0002-0751-8932

REFERENCES

1. International Diabetes Federation. Idf Diabetes Atlas. 10th ed. www.idf.
org/diabetesatlas

2. Jacobsen LM, Haller MJ, Schatz DA. Understanding pre-type 1 dia-
betes: the key to prevention. Front Endocrinol (Lausanne). 2018;9:70.

3. Usher-Smith JA, Thompson MJ, Sharp SJ, Walter FM. Factors asso-
ciated with the presence of diabetic ketoacidosis at diagnosis of
diabetes in children and young adults: a systematic review. BMJ.
2011;343:d4092.

4. Wolfsdorf JI, Glaser N, Agus M, et al. ISPAD Clinical Practice Con-
sensus Guidelines 2018: diabetic ketoacidosis and the hyperglycemic
hyperosmolar state. Pediatr Diabetes. 2018;19:155-177. Suppl.

5. Varadarajan P, Suresh S. Delayed diagnosis of diabetic ketoacidosis in
children—a cause for concern. Int J Diabetes Dev Ctries. 2015;35(2), 66-
70.

6. Decourcey DD, Steil GM, Wypij D, Agus MSD. Increasing use of hyper-
tonic saline over mannitol in the treatment of symptomatic cerebral
edema in pediatric diabetic ketoacidosis: an 11-year retrospective
analysis of mortality. Pediatric Critical Care Medicine. 2013;14(7), 694~
700.

7. Heddy N. Guideline for the management of children and young people
under the age of 18 years with diabetic ketoacidosis (British Society
for Paediatric Endocrinology and Diabetes). Arch Dis Child Educ Pract
Ed.2021;106(4),220-222.

8. Prentice P. Updated NICE guidance: diabetic ketoacidosis in children
and young people 2020. Arch Dis Child Educ Pract Ed. 2021;106(4),
229.

9. FlorezID,Sierra J, Pérez-Gaxiola G. Balanced crystalloid solutions ver-
sus 0.9% saline for treating acute diarrhoea and severe dehydration in
children. Cochrane Database Syst Rev. 2023;5(5), CD013640.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

WILEY -2

Bampoe S, Odor PM, Dushianthan A, et al. Perioperative adminis-
tration of buffered versus non-buffered crystalloid intravenous fluid
to improve outcomes following adult surgical procedures. Cochrane
Database Syst Rev. 2017;9(9), CD004089.

Antequera Martin AM, Barea Mendoza JA, Muriel A, et al. Buffered
solutions versus 0.9% saline for resuscitation in critically ill adults and
children. Cochrane Database Syst Rev. 2019;7(7), CD012247.

Ronsley R, Islam N, Ronsley C, Metzger DL, Panagiotopoulos C.
Adherence to a pediatric diabetic ketoacidosis protocol in children
presenting to a tertiary care hospital. Pediatr Diabetes. 2018;19(2),
333-338.

Zucchini S, Scaramuzza AE, Bonfanti R, et al, Diabetes Study Group
of The Italian Society For Pediatric Endocrinology And Diabetology.
A multicenter retrospective survey regarding diabetic ketoacidosis
management in italian children with type 1 diabetes. J Diabetes Res.
2016;2016:5719470.

Kuppermann N, Ghetti S, Schunk JE, et al. Clinical trial of fluid infusion
rates for pediatric diabetic ketoacidosis. N Engl J Med. 2018;378(24),
2275-2287.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. BMJ.
2021;372:n71.

Campbell M, McKenzie JE, Sowden A, et al. Synthesis without meta-
analysis (SWiM) in systematic reviews: reporting guideline. BMJ.
2020;368:16890.

Higgins JPT, Green S, Altman DG, Sterne JAC, eds. Chapter 8: assess-
ing risk of bias in included studies. Cochrane Handbook for Systematic
Reviews of Interventions Version 5.2.0 (Updated June 2017). Wiley-
Blackwell; 2017:649. Accessed February 12, 2022. https://training.
cochrane.org/handbook/PDF/v5.2/chapter-08. editors.

Poirier Michael P, GDSSM. A prospective study of the “two-bag
system” in diabetic ketoacidosis management. Clin Pediatr (Phila).
2004;43(9),800-813.

Glaser NS, Wootton-Gorges SL, Buonocore MH, et al. Subclinical cere-
bral edema in children with diabetic ketoacidosis randomized to 2
different rehydration protocols. Pediatrics. 2013;131(1), e73-e80.
Pablo Ferreira J, Penazzi M, Macarena Taboada D, Funes S, Villarreal
M. A comparison of two systems for hydration of children with dia-
betic ketoacidosis. a randomized controlled trial. Revista de la Facultad
de ciencias Médicas. 2015;72(2), 93-99.

Bakes K, Haukoos JS, Deakyne SJ, et al. Effect of volume of fluid resus-
citation on metabolic normalization in children presenting in diabetic
ketoacidosis: a randomized controlled trial. J Emerg Med. 2016;50(4),
551-559.

Yung M, Letton G, Keeley S. Controlled trial of Hartmann’s solution
versus 0.9% saline for diabetic ketoacidosis. J Paediatr Child Health.
2017;53(1), 12-17.

Dhochak N, Jayashree M, Singhi S. A randomized controlled trial of
one bag vs. two bag system of fluid delivery in children with dia-
betic ketoacidosis: experience from a developing country. J Crit Care.
2018;43:340-345.

Shafi O, Kumar V. Initial fluid therapy in pediatric diabetic ketoaci-
dosis: a comparison of hypertonic saline solution and normal saline
solution. Pediatr Endocrinol Diabetes Metab. 2018;24(2), 56-64.
Williams V, Jayashree M, Nallasamy K, Dayal D, Rawat A. 0.9% saline
versus Plasma-Lyte as initial fluid in children with diabetic ketoacido-
sis (SPinK trial): a double-blind randomized controlled trial. Crit Care.
2020;24(1), 1.

Glaser NS, Stoner MJ, Garro A, et al. Serum sodium concentration
and mental status in children with diabetic ketoacidosis. Pediatrics.
2021;148(3),€2021050243.

Rewers A, Kuppermann N, Stoner MJ, et al. Effects of fluid rehydra-
tion strategy on correction of acidosis and electrolyte abnormalities
in children with diabetic ketoacidosis. Diabetes Care. 2021;44(9),
2061-2068.

85UB01 T SUOIWIOD BA11e81D) 3|qeol(dde 8y} Aq peusenob e Sapie YO 8sN Jo SajnJ 10} ARIq1T 8UIUO AS]IA UO (SUOTHIPUOD-PUE-SUIB) 0™ A8 | 1M Afe.d][Bu[UO//:SdNL) SUONIPUOD PUe SWUB | 8U1 89S *[20z/L0/0T] U0 Akigiauljuo A8]iM ‘SpuelisyIBN 8ueyooD Aq £09zZT Wae [TTTT 0T/10p/woo A8 im Arelqijeuluo//sdny woij pspeojumod ‘g ‘¥20z ‘T6ES9GLT


https://orcid.org/0000-0002-4134-100X
https://orcid.org/0000-0002-4134-100X
https://orcid.org/0000-0002-0751-8932
https://orcid.org/0000-0002-0751-8932
http://www.idf.org/diabetesatlas
http://www.idf.org/diabetesatlas
https://training.cochrane.org/handbook/PDF/v5.2/chapter-08
https://training.cochrane.org/handbook/PDF/v5.2/chapter-08

2 | WILEY

28.

29.

30.
31

32.

33.
34.
35.
36.
37.

38.

39.

40.

PATINO-GALARZAET AL.

Shourya Vijay Tej Kola VKSGVC. IAP ResRCHcon 2020 Abstracts.
Indian J Pediatr. 2020;87(11), 974-988.

Lehr AR, Rached-D’Astous S, Barrowman N, et al. Balanced ver-
sus unbalanced fluid in critically ill children: systematic review and
meta-analysis. Pediatric Critical Care Medicine. 2022;23(3), 181-191.
Holliday MA, Ray PE, Friedman AL. Fluid therapy for children: facts,
fashions and questions. Arch Dis Child. 2007;92(6), 546-550.

Santi M, Lava SAG, Camozzi P, et al. The great fluid debate: saline or
so-called “balanced” salt solutions? Ital J Pediatr. 2015;41(1), 47.
Jayashree M, Williams V, lyer R. Fluid therapy for pediatric patients
with diabetic ketoacidosis: current perspectives. Diabetes Metab Syndr
Obes. 2019;12:2355-2361.

Campos Mino S, Moreno Castro M. Fluidoterapia y electrolitos par-
enterales en pediatria. Metro Ciencia. 2020;28(4), 4-15.

Brown TB. Cerebral oedema in childhood diabetic ketoacidosis: is
treatment a factor? Emerg Med J. 2004;21(2), 141-144.

Azova S, Rapaport R, Wolfsdorf J. Brain injury in children with diabetic
ketoacidosis: review of the literature and a proposed pathophysio-
logic pathway for the development of cerebral edema. Pediatr Diabetes.
2021;22(2), 148-160.

Agarwal N, Dave C, Patel R, Shukla R, Kapoor R, Bajpai A. Factors
associated with cerebral edema at admission in Indian children with
diabetic ketoacidosis. Indian Pediatr. 2020;57(4), 310-313.

Hsia DS, Tarai SG, Alimi A, Coss-Bu JA, Haymond MW. Fluid manage-
ment in pediatric patients with DKA and rates of suspected clinical
cerebral edema. Pediatr Diabetes. 2015;16(5), 338-344.

So TY, Grunewalder E. Evaluation of the two-bag system for fluid
management in pediatric patients with diabetic ketoacidosis. JPPT.
2009;14(2), 100.

Hasan RA, Hamid K, Dubre D, Nolan B, Sharman M. The two-bag
system for intravenous fluid management of children with diabetic
ketoacidosis: experience from a community-based hospital. Glob Pedi-
atr Health. 2021;8:2333794X21991532.

Hamud AA, Mudawi K, Shamekh A, Kadri A, Powell C, Abdelgadir
I. Diabetic ketoacidosis fluid management in children: systematic

41.

42.

43.

44,

45.

46.

47.

review and meta-analyses. Arch Dis Child. 2022;107(11), 1023-
1028.

Clarke M, Williamson PR. Core outcome sets and systematic reviews.
Syst Rev.2016;5(1), 11.

Williamson PR, Altman DG, Blazeby JM, et al. Developing core out-
come sets for clinical trials: issues to consider. Trials. 2012;13:132.

Lei R, Shen Q, Yang B, et al. Core outcome sets in child health. JAMA
Pediatr;176(11),1131-1141.

Webbe J, Sinha |, Gale C. Core outcome sets. Arch Dis Child Educ Pract
Ed.2018;103(3), 163-166.

Gorst SL, Gargon E, Clarke M, Blazeby JM, Altman DG, Williamson PR.
Choosing important health outcomes for comparative effectiveness
research: an updated review and user survey. PLoS One. 2016;11(1),
e0146444.

COMET Initiative | Home. Accessed February 13, 2022. https://www.
comet-initiative.org/

al Khalifah R, Florez ID, Guyatt G, Thabane L. Network meta-analysis:
users’ guide for pediatricians. BMC Pediatr. 2018;18(1), 180.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Patino-Galarza D, Duque-Lopez A,
Cabra-Bautista G, Calvache JA, Florez ID. Fluids in the
treatment of diabetic ketoacidosis in children: A systematic
review. J Evid Based Med. 2024;17:317-328.
https://doi.org/10.1111/jebm.12603

85UB01 T SUOIWIOD BA11e81D) 3|qeol(dde 8y} Aq peusenob e Sapie YO 8sN Jo SajnJ 10} ARIq1T 8UIUO AS]IA UO (SUOTHIPUOD-PUE-SUIB) 0™ A8 | 1M Afe.d][Bu[UO//:SdNL) SUONIPUOD PUe SWUB | 8U1 89S *[20z/L0/0T] U0 Akigiauljuo A8]iM ‘SpuelisyIBN 8ueyooD Aq £09zZT Wae [TTTT 0T/10p/woo A8 im Arelqijeuluo//sdny woij pspeojumod ‘g ‘¥20z ‘T6ES9GLT


https://www.comet-initiative.org/
https://www.comet-initiative.org/
https://doi.org/10.1111/jebm.12603

	Fluids in the treatment of diabetic ketoacidosis in children: A systematic review
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Eligibility criteria
	2.2 | Searches, studies selection, and data extraction
	2.3 | Data synthesis

	3 | RESULTS
	3.1 | Studies characteristics
	3.2 | Risk of bias
	3.3 | Primary outcomes
	3.4 | Secondary outcomes
	3.5 | Summary of reported outcomes

	4 | DISCUSSION
	4.1 | Types of fluids
	4.2 | Tonicity
	4.3 | Infusion rate and volume
	4.4 | Administration system
	4.5 | Heterogeneity and the need for core outcomes set
	4.6 | Strengths and limitations
	4.7 | Conclusions

	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


