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Abstract: There is little known about the impact of maintenance fluid choice in children with critical
asthma on clinical outcomes. Our primary study objectives were to determine the differences in the
serum chloride and bicarbonate levels based on the receipt of 0.9% saline or a balanced solution. The
secondary study objectives included differences in acute kidney injury (AKI) and intensive care unit
(ICU)/hospital length of stay (LOS). In this retrospective cohort study, we included 1166 patients
admitted to a quaternary children’s hospital with critical asthma between 2017 and 2019. The patients
were stratified based on if they received 0.9% saline or a balanced solution (Lactated Ringer’s or
Plasma-lyte) for maintenance therapy. The study outcomes were determined using independent
sample t-tests, multivariable logistic regression, and negative binomial regression. The patients
who received 0.9% saline maintenance therapy had a significantly higher increase in their serum
chloride levels when compared to those who received balanced solutions (0.9% saline: +4 mMol/L,
balanced: +2 mMol/L, p = 0.002). There was no difference in the decrease in the serum bicarbonate
levels (0.9% saline: −0.4 mMol/L, balanced: −0.5 mMol/L, p = 0.830). After controlling for age,
race, sex, and the Pediatric Logistic Organ Dysfunction (PELOD-2) score, there was no association
between the type of fluid received and the development of AKI (OR 0.87, 95% CI: 0.46–1.63, p = 0.678).
Additionally, there was no association between the type of fluid and hospital or ICU LOS. Thus,
despite higher serum chloride levels in the patients that received 0.9% saline, the choice of fluid
therapy did not have an impact on the serum bicarbonate values, the development of AKI or hospital
and ICU LOS, suggesting there is little difference between 0.9% saline and balanced solutions as
maintenance therapy in children with critical asthma.
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1. Introduction

The association of hypotonic (0.45%) saline with hyponatremia in hospitalized children
is currently well established in the pediatric literature [1–4], such that the 2018 clinical
practice guidelines [5] recommend the use of isotonic saline (0.9%) as the fluid of choice
for maintenance therapy in pediatrics. There is also a body of evidence suggesting that
balanced solutions rather than 0.9% saline as a resuscitative fluid may have the potential
to reduce morbidity and mortality for critically ill patients [6–8]. Zampieri et al., however,
have recently shown that this may not be the case and that, in fact, the two may have near
equal efficacy [9].

No prior study’s results have demonstrated the sole impact of isotonic saline when
compared to balanced solutions as maintenance therapy, following initial resuscitation.
In the pediatric intensive care unit (ICU), we see a variety of patients with underlying
comorbidities that disrupt their electrolyte and/or acid-base homeostasis. Many of these
patients require fluid resuscitation prior to arrival to the ICU, thus complicating the ability
to isolate the effect of maintenance intravenous (IV) fluids on electrolyte disturbances.
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Patients admitted with critical asthma, however, often do not have multiple comorbidities
and do not require high volumes of fluid resuscitation. They do require close monitoring
of their intake and output, as patients with critical asthma often present dehydrated with
increased insensible losses. Administering too much fluid, however, can increase their
risk for transpulmonary edema [10]. Thus, their lack of comorbidities and their strict
monitoring of intake and output make them a favorable group to investigate the effects of
isotonic and balanced fluids as maintenance therapy.

Our primary study objective was to evaluate the incidence of hyperchloremia and low
bicarbonate levels for children with critical asthma who had received maintenance fluid
therapy with a balanced solution (Lactated Ringer’s (LR) or Plasma-lyte) versus 0.9% saline.
For secondary outcomes, we looked at the development of AKI, ICU and hospital LOS.
We hypothesized that the incidence of hyperchloremic metabolic acidosis (HCMA) would
be greater in patients given 0.9% saline as compared to those given balanced solutions as
maintenance therapy. We anticipated that the use of 0.9% saline would be associated with
AKI and a longer hospital and ICU length of stay.

2. Materials and Methods

In this retrospective cohort study, we included 1166 patients admitted with critical
asthma to the pediatric ICU at our quaternary children’s hospital between 2017 and 2019.
The study was approved by the Institutional Review Board for Health Sciences Research at
the University of Pittsburgh. By the definition of asthma, patients under two years of age
were excluded [11]. We also excluded patients under 20 kg, so as to standardize the volume
of maintenance fluid administered for purposes of the analysis. Patient demographics were
extracted from the UPMC Children’s Hospital of Pittsburgh’s electronic health records, and
patients were selected based on their ICD-10 diagnosis codes. All laboratory tests were
performed in the clinical laboratory. The Pediatric Logistic Organ Dysfunction (PELOD-2)
score was determined for each patient at the time of admission [12].

We stratified patients by the type of maintenance fluid received at the time of ad-
mission: 0.9% saline versus a balanced solution, either LR or Plasma-lyte. The fluid
administered was at the discretion of the primary PICU physician. Baseline characteristics
were analyzed, such that categorical variables were summarized as number and percent
and were compared using a Chi-square analysis. Non-normally distributed continuous
variables were reported as median and interquartile range and compared using Wilcoxon
rank sum, while normally distributed continuous variables were reported as mean with
standard deviation (SD) and compared using independent samples t-tests.

We examined the development of acute kidney injury (AKI), using the KDIGO serum
creatinine criteria [13]. Admission creatinine was used as baseline creatinine. To evaluate
the association of maintenance therapy fluid choice on AKI, we used multivariable logistic
regression. The association of maintenance therapy fluid choice and ICU and hospital
length of stay was examined with negative binomial regression. The significance level was
set at <0.05. All data were analyzed with R (R Foundation, Vienna, Austria) version 4.1.1
and RStudio version 1.4 (RStudio, Boston, MA, USA).

3. Results

Of the 1166 patients included in our study, there were no differences in the baseline
characteristics between the 0.9% saline and balanced solution groups (Table 1).

3.1. Primary Outcomes

The starting mean (SD) serum chloride level between the two groups differed slightly
(0.9% saline = 108 (5) mMol/L vs. balanced = 109 (4) mMol/L, p = 0.031). After subtracting
each individual’s admission chloride level from their maximum chloride level in the first
72 h of admission, we saw that those who had received 0.9% saline maintenance therapy
had a significantly higher increase in their chloride levels when compared to those who
received balanced solutions (+4 mMol/L vs. +2 mMol/L, p < 0.005) (Figure 1). The change
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in the serum sodium was compared in a similar manner, and we noted that the 0.9% saline
group also had a significantly higher increase in their sodium levels (p < 0.005) (Figure 2).

Table 1. Baseline characteristics at time of PICU admission. Categorical variables are summarized as
number (%) and compared with Chi-square analysis. Normally distributed variables are reported
as mean (SD) and compared with independent samples t-test, while non-normally distributed
continuous variables are reported as median (IQR) and compared with Wilcoxon rank sum. Refer to
Appendix A for the Asthma Distress Score criteria.

Baseline Characteristics at Time of PICU Admission

0.9% Saline
(n = 751)

Balanced
(n = 415) p-Value

Sex
Male

Female
424 (56%)
327 (44%)

228 (55%)
187 (45%)

Race
Caucasian

Non-Caucasian
455 (61%)
296 (39%)

253 (61%)
162 (39%)

Age (Years) 11.3 (4.9) ˆ 11.1 (4.8) ˆ p = 0.502

PELOD-2 Score 4.0 (2.0–6.0) & 4.0 [2.0–6.0] & p = 0.029

Asthma Distress Score * 6.4 (3.2) ˆ 6.7 (3.2) ˆ p = 0.324

Chloride Level
(mMol/L) 108 (5) ˆ 109 (4) ˆ p = 0.031

Bicarbonate Level
(mMol/L) 19 (6) ˆ 20 (4) ˆ p = 0.294

ˆ Mean (SD), & Median [25–75%], * Appendix A.
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Figure 1. Comparison of the change in serum chloride level by subtracting the initial chloride
level from the maximum chloride level in the first 72 h of admission. The 0.9% saline group had a
significantly higher increase in chloride level compared to the balanced solution group, p < 0.005.

The same analysis was performed to evaluate for a change in the serum bicarbonate
level. The starting bicarbonate level did not differ between the two groups (0.9% saline:
19 (6) mMol/L vs. balanced 20 (4) mMol/L, p = 0.294). When compared, there was no dif-
ference in the decrease in the bicarbonate levels between the two groups (−0.4 mMol/L vs.
−0.5 mMol/L p = 0.830) (Figure 3).

3.2. Secondary Outcomes

There were 531 patients who had more than one creatinine level recorded. Of those,
63 patients met the criteria for at least stage 1 AKI. After controlling for age, sex, race,
and admission PELOD-2 score (Table 2), we found no association between AKI and the
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maintenance fluid therapy administered (OR 0.87 (95% CI: 0.46–1.63), p = 0.678) (Table 2).
Further, only nine patients in the 0.9% saline group and five patients in the balanced group
developed either stage 2 or 3 AKI.

Children 2022, 9, x FOR PEER REVIEW 4 of 7 
 

 

 

Figure 2. Comparison of the change in serum sodium level by subtracting initial sodium level from 

the maximum sodium level in the first 72 h of admission. The 0.9% saline group had a significantly 

higher increase in sodium level compared to the balanced solution group, p < 0.005. 

The same analysis was performed to evaluate for a change in the serum bicarbonate 

level. The starting bicarbonate level did not differ between the two groups (0.9% saline: 

19 (6) mMol/L vs. balanced 20 (4) mMol/L, p = 0.294). When compared, there was no dif-

ference in the decrease in the bicarbonate levels between the two groups (−0.4 mMol/L vs. 

−0.5 mMol/L p = 0.830) (Figure 3).  

 

Figure 3. Comparison of the change in serum bicarbonate level by subtracting the minimum bicar-

bonate level from the initial bicarbonate level in the first 72 h of admission. There was no difference 

in the decrease in bicarbonate levels between the two groups, p = 0.830. 

3.2. Secondary Outcomes 

There were 531 patients who had more than one creatinine level recorded. Of those, 

63 patients met the criteria for at least stage 1 AKI. After controlling for age, sex, race, and 

admission PELOD-2 score (Table 2), we found no association between AKI and the 

maintenance fluid therapy administered (OR 0.87 (95% CI: 0.46–1.63), p = 0.678) (Table 2). 

Further, only nine patients in the 0.9% saline group and five patients in the balanced group 

developed either stage 2 or 3 AKI.  

Table 2. Multivariable Logistic Regression Analysis for the Development of Acute Kidney Injury 

(AKI). There was no association between maintenance fluid therapy choice and AKI. (OR: odds, 

ratio, PELOD-2: Pediatric Logistic Organ Dysfunction). 

Characteristic OR (95% CI); p-Value 

Maintenance Fluid Therapy 0.87 (0.45–1.63); 0.678 

Sex 0.80 (0.42–1.51); 0.501 

Race 0.56 (0.30–1.04); 0.064 

Age (Years) 0.98 (0.92–1.04); 0.499 

Admission PELOD-2 Score 1.23 (1.21–1.37); <0.001 

Figure 2. Comparison of the change in serum sodium level by subtracting initial sodium level from
the maximum sodium level in the first 72 h of admission. The 0.9% saline group had a significantly
higher increase in sodium level compared to the balanced solution group, p < 0.005.
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Figure 3. Comparison of the change in serum bicarbonate level by subtracting the minimum bicar-
bonate level from the initial bicarbonate level in the first 72 h of admission. There was no difference
in the decrease in bicarbonate levels between the two groups, p = 0.830.

Table 2. Multivariable Logistic Regression Analysis for the Development of Acute Kidney Injury
(AKI). There was no association between maintenance fluid therapy choice and AKI. (OR: odds, ratio,
PELOD-2: Pediatric Logistic Organ Dysfunction).

Characteristic OR (95% CI); p-Value

Maintenance Fluid Therapy 0.87 (0.45–1.63); 0.678

Sex 0.80 (0.42–1.51); 0.501

Race 0.56 (0.30–1.04); 0.064

Age (Years) 0.98 (0.92–1.04); 0.499

Admission PELOD-2 Score 1.23 (1.21–1.37); <0.001

With a negative binomial regression model, we again controlled for age, race, sex, and
admission PELOD-2 score. Once more, there was no association between the type of fluid
and hospital LOS (Median (IQR)—0.9% saline: 1.3 days (1.78) vs. balanced: 1.5 days (2.1),
p = 0.492) or ICU LOS (Median (IQR)—0.9% saline: 2.9 days (3.1) vs. balanced: 3.2 days
(3.8), p = 0.138).
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4. Discussion

We found that there was a significant increase in both the serum chloride and sodium
levels for the 0.9% saline group when compared to the balanced solution group without a
greater decrease in the bicarbonate levels. Consistent with this finding, we did not see a
difference in the rate of AKI when comparing the two groups. Our findings suggest that
despite a greater rise in chloride levels from receiving a maintenance fluid containing a
greater chloride content, there is no significant effect on clinically relevant outcomes, such
as AKI or LOS.

The starting chloride values for each group (0.9% saline = 108 mMol/L and balanced
= 109 mMol/L) could be characterized as hyperchloremic, even before the initiation of
maintenance therapy. For this reason, we could not characterize the “development” of
hyperchloremia, rather we assessed the change in chloride level. The reason for elevated
chloride levels at the initiation of therapy is not entirely clear. We did not account for
any resuscitation fluid prior to arrival. If patients received bolus fluids with 0.9% saline
ahead of time, this certainly could have played a role, again complicating any interpretation
regarding the “development” of hyperchloremia. Further, the tendency toward more severe
hyperchloremia for the normal saline group was reflective of an increase in serum sodium
rather than the development of metabolic acidosis.

Even if there is a tendency toward more severe hyperchloremia for the 0.9% saline
group, this may not be indicative of its impact on the development of a metabolic acidosis
in this population in the first 72 h of PICU admission. This subset of patients, like many
critically ill patients, tends to produce increased levels of vasopressin during their acute
illness [1,14]. This can lead to free water retention and hyponatremia. For this reason, we
examined the change in the sodium levels as well and found there was actually a similar
increase (Figure 2). Therefore, this is likely indicative of the fluid received. If they had
decreased, however, we would have anticipated another reason for increased losses, such
as AKI. We did not find any association between the maintenance fluid therapy received
and the development of AKI. Because we also did not see any impact on the development
of hyperchloremic metabolic acidosis, this is probably not surprising.

These findings have potentially important implications for clinical practices. Normal
saline fluids can contribute to iatrogenic hyperchloremia and a resulting non-gap metabolic
acidosis, theoretically exacerbating tachypnea and potentially worsening the work of
breathing in the setting of existing respiratory distress. In contrast, balanced fluids may
mitigate this risk of hyperchloremia while avoiding iatrogenic hyponatremia. Conversely,
balanced fluids are more often incompatible with medications commonly administered
in the setting of respiratory distress, such as ceftriaxone for the treatment of community-
acquired pneumonia. The use of balanced fluids may therefore contribute to the placement
of additional vascular access and add to a child’s discomfort during hospitalization. While
this study did not focus on measurements of respiratory rate or objective markers of
respiratory distress among children who received 0.9% saline versus balanced fluids, there
was no significant difference in the patient-centered outcomes of adjusted ICU or hospital
LOS, suggesting that iatrogenic hyperchloremia does not substantially prolong symptoms
of distress in children with respiratory disease.

Our study was limited in that it was a retrospective study completed at a single center.
Additionally, we did not stratify patients based on any fluid received in the emergency
department or prior to arrival to our unit. We also did not include this resuscitation
fluid in our analysis. We acknowledge that there may be additional differences in pre-
treatment characteristics between the two groups, including underlying co-morbidities,
which were unaccounted for in our analysis. While we included the PELOD-2 scores as
a measure for illness severity, this may not have been the most appropriate measure for
our population, as most of these children would not suffer end-organ damage. Instead, it
may be more appropriate to look at asthma severity scores or starting therapy doses (i.e.,
starting albuterol dose) as a better marker for illness severity. Our study was limited to
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patients with critical asthma. It is possible that our findings are not applicable to other
patient groups receiving maintenance fluid therapy.

5. Conclusions

We found that the increase in chloride values in children who received 0.9% saline for
maintenance therapy with critical asthma was greater when compared to those that received
balanced solutions. This was not, however, associated with a decline in bicarbonate levels.
We found no evidence that the use of balanced solutions resulted in improved outcomes,
such as AKI, ICU, or hospital LOS, for children with critical asthma.

Author Contributions: A.S., C.H., M.L.M. and D.F. contributed to the study conception and design.
Material preparation, data collection, and analysis were performed by A.S. All authors have read and
agreed to the published version of the manuscript.

Funding: K23DK 116973 (D.F.), K23HD099331 (C.H.).

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board of the University of Pittsburgh
(“Examining the Electronic Health Record to Improve Clinical Outcomes in Children”, #20050220,
Approval date: May 2020).

Informed Consent Statement: Patient consent was waived by the Institutional Review as the research
involved no more than minimal risk.

Data Availability Statement: Due to privacy restrictions, data may be available upon request.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Children 2022, 9, x FOR PEER REVIEW 6 of 7 
 

 

unaccounted for in our analysis. While we included the PELOD-2 scores as a measure for 

illness severity, this may not have been the most appropriate measure for our population, 

as most of these children would not suffer end-organ damage. Instead, it may be more 

appropriate to look at asthma severity scores or starting therapy doses (i.e., starting albut-

erol dose) as a better marker for illness severity. Our study was limited to patients with 

critical asthma. It is possible that our findings are not applicable to other patient groups 

receiving maintenance fluid therapy.  

5. Conclusions 

We found that the increase in chloride values in children who received 0.9% saline 

for maintenance therapy with critical asthma was greater when compared to those that 

received balanced solutions. This was not, however, associated with a decline in bicar-

bonate levels. We found no evidence that the use of balanced solutions resulted in im-

proved outcomes, such as AKI, ICU, or hospital LOS, for children with critical asthma.  

Author Contributions: A.S., C.H., M.L.M. and D.F. contributed to the study conception and design. 

Material preparation, data collection, and analysis were performed by A.S. All authors have read 

and agreed to the published version of the manuscript. 

Funding: K23DK 116973 (D.F.), K23HD099331 (C.H.). 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-

tion of Helsinki and approved by the Institutional Review Board of the University of Pittsburgh 

(“Examining the Electronic Health Record to Improve Clinical Outcomes in Children”, #20050220, 

Approval date: May 2020). 

Informed Consent Statement: Patient consent was waived by the Institutional Review as the re-

search involved no more than minimal risk. 

Data Availability Statement: Due to privacy restrictions, data may be available upon request. 

Conflicts of Interest: The authors declare no conflict of interest. 

Appendix A 

 

Figure A1. Asthma Distress Score. This is the criteria utilized by the respiratory therapy department 

at the UPMC Children’s Hospital of Pittsburgh [15]. 

References 

1. Hall, A.M.; Ayus, J.C.; Moritz, M.L. Things We Do For No Reason: The Default Use of Hypotonic Maintenance Intravenous 

Fluids in Pediatrics. J. Hosp. Med. 2018, 13, 637–640. https://doi.org/10.12788/jhm.3040. 

2. Shukla, S.; Basu, S.; Moritz, M.L. Use of Hypotonic Maintenance Intravenous Fluids and Hospital-Acquired Hyponatremia 

Remain Common in Children Admitted to a General Pediatric Ward. Front. Pediatr. 2016, 4, 90. 

https://doi.org/10.3389/fped.2016.00090. 

Figure A1. Asthma Distress Score. This is the criteria utilized by the respiratory therapy department
at the UPMC Children’s Hospital of Pittsburgh [15].

References
1. Hall, A.M.; Ayus, J.C.; Moritz, M.L. Things We Do For No Reason: The Default Use of Hypotonic Maintenance Intravenous Fluids

in Pediatrics. J. Hosp. Med. 2018, 13, 637–640. [CrossRef] [PubMed]
2. Shukla, S.; Basu, S.; Moritz, M.L. Use of Hypotonic Maintenance Intravenous Fluids and Hospital-Acquired Hyponatremia

Remain Common in Children Admitted to a General Pediatric Ward. Front. Pediatr. 2016, 4, 90. [CrossRef] [PubMed]
3. Hall, A.M.; Ayus, J.C.; Moritz, M.L. How Salty Are Your Fluids? Pediatric Maintenance IV Fluid Prescribing Practices Among

Hospitalists. Front. Pediatr. 2019, 7, 549. [CrossRef] [PubMed]
4. Rey, C.; Los-Arcos, M.; Hernández, A.; Sánchez, A.; Díaz, J.J.; López-Herce, J. Hypotonic versus isotonic maintenance fluids in

critically ill children: A multicenter prospective randomized study. Acta Paediatr. 2011, 100, 1138–1143. [CrossRef] [PubMed]
5. Feld, L.G.; Neuspiel, D.R.; Foster, B.A.; Leu, M.G.; Garber, M.D.; Austin, K.; Basu, R.K.; Conway, E.E., Jr.; Fehr, J.J.;

Hawkins, C.; et al. Clinical Practice Guideline: Maintenance Intravenous Fluids in Children. Pediatrics 2018, 142, e20183083.
[CrossRef] [PubMed]

http://doi.org/10.12788/jhm.3040
http://www.ncbi.nlm.nih.gov/pubmed/30157287
http://doi.org/10.3389/fped.2016.00090
http://www.ncbi.nlm.nih.gov/pubmed/27610358
http://doi.org/10.3389/fped.2019.00549
http://www.ncbi.nlm.nih.gov/pubmed/32010650
http://doi.org/10.1111/j.1651-2227.2011.02209.x
http://www.ncbi.nlm.nih.gov/pubmed/21352357
http://doi.org/10.1542/peds.2018-3083
http://www.ncbi.nlm.nih.gov/pubmed/30478247


Children 2022, 9, 1480 7 of 7

6. Barhight, M.F.; Brinton, J.; Stidham, T.; Soranno, D.E.; Faubel, S.; Griffin, B.R.; Goebel, J.; Mourani, P.M.; Gist, K.M. Increase in
chloride from baseline is independently associated with mortality in critically ill children. Intensive Care Med. 2018, 44, 2183–2191.
[CrossRef] [PubMed]

7. Stenson, E.K.; Cvijanovich, N.Z.; Anas, N.; Allen, G.L.; Thomas, N.J.; Bigham, M.T.; Weiss, S.L.; Fitzgerald, J.C.; Checchia, P.A.;
Meyer, K.; et al. Hyperchloremia Is Associated With Complicated Course and Mortality in Pediatric Patients with Septic Shock.
Pediatr. Crit. Care Med. 2018, 19, 155–160. [CrossRef] [PubMed]

8. Bulfon, A.F.; Alomani, H.L.; Anton, N.; Comrie, B.T.; Rochwerg, B.; Stef, S.A.; Thabane, L.; Vanniyasingam, T.; Choong, K.
Intravenous Fluid Prescription Practices in Critically Ill Children: A Shift in Focus from Natremia to Chloremia? J. Pediatr.
Intensive Care 2019, 8, 218–225. [CrossRef] [PubMed]

9. Zampieri, F.G.; Machado, F.R.; Biondi, R.S.; Freitas, F.G.R.; Veiga, V.C.; Figueiredo, R.C.; Lovato, W.J.; Amêndola, C.P.;
Serpa-Neto, A.; Paranhos, J.L.R.; et al. Effect of Intravenous Fluid Treatment With a Balanced Solution vs 0.9% Saline So-
lution on Mortality in Critically Ill Patients: The BaSICS Randomized Clinical Trial. JAMA 2021, 326, 818–829. [CrossRef]
[PubMed]

10. Nievas, I.F.; Anand, K.J. Severe acute asthma exacerbation in children: A stepwise approach for escalating therapy in a pediatric
intensive care unit. J. Pediatr. Pharmacol. Ther. 2013, 18, 88–104. [CrossRef] [PubMed]

11. Ducharme, F.M.; Dell, S.D.; Radhakrishnan, D.; Grad, R.M.; Watson, W.T.; Yang, C.L.; Zelman, M. Diagnosis and management of
asthma in preschoolers: A Canadian Thoracic Society and Canadian Paediatric Society position paper. Paediatr. Child Health 2015,
20, 353–371. [CrossRef] [PubMed]

12. Leteurtre, S.; Duhamel, A.; Salleron, J.; Grandbastien, B.; Lacroix, J.; Leclerc, F. PELOD-2: An update of the PEdiatric logistic
organ dysfunction score. Crit. Care Med. 2013, 41, 1761–1773. [CrossRef] [PubMed]

13. Levin, A.; Stevens, P.E.; Bilous, R.W.; Coresh, J.; De Francisco, A.L.; De Jong, P.E.; Griffith, K.E.; Hemmelgarn, B.R.; Iseki,
K.; Lamb, E.J.; et al. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 Clinical Practice
Guideline for the Evaluation and Management of Chronic Kidney Disease. Off. J. Int. Soc. Nephrol. 2013, 3, 1–150.

14. Neville, K.A.; Sandeman, D.J.; Rubinstein, A.; Henry, G.M.; McGlynn, M.; Walker, J.L. Prevention of hyponatremia during
maintenance intravenous fluid administration: A prospective randomized study of fluid type versus fluid rate. J. Pediatr. 2010,
156, 313–319.e2. [CrossRef] [PubMed]

15. Dovey, M.; Tavarez, M.; Horvat, C.; Simpson, M. Asthma: Clinical Pathway; UPMC Clinical Effectiveness Guidelines; UPMC:
Pittsburgh, PA, USA, 2021.

http://doi.org/10.1007/s00134-018-5424-1
http://www.ncbi.nlm.nih.gov/pubmed/30382307
http://doi.org/10.1097/PCC.0000000000001401
http://www.ncbi.nlm.nih.gov/pubmed/29394222
http://doi.org/10.1055/s-0039-1692413
http://www.ncbi.nlm.nih.gov/pubmed/31673457
http://doi.org/10.1001/jama.2021.11684
http://www.ncbi.nlm.nih.gov/pubmed/34375394
http://doi.org/10.5863/1551-6776-18.2.88
http://www.ncbi.nlm.nih.gov/pubmed/23798903
http://doi.org/10.1093/pch/20.7.353
http://www.ncbi.nlm.nih.gov/pubmed/26526095
http://doi.org/10.1097/CCM.0b013e31828a2bbd
http://www.ncbi.nlm.nih.gov/pubmed/23685639
http://doi.org/10.1016/j.jpeds.2009.07.059
http://www.ncbi.nlm.nih.gov/pubmed/19818450

	Introduction 
	Materials and Methods 
	Results 
	Primary Outcomes 
	Secondary Outcomes 

	Discussion 
	Conclusions 
	Appendix A
	References

