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Introduction:-

Background: Studies have shown that using hypotonic fluids may
result in hyponatremia and the use of isotonic fluids is associated with
lower incidence of electrolyte disturbances. Renal functions usually
based on measurements of serum urea and creatinine are dependent on
the maintenance of appropriate intravascular volume in order to
maintain adequate organ perfusion and functioning.

Aims and Objectives: To analyze the short term effect of IV Fluids in
PICU on serum electrolytes and renal function tests.

Methods: This observational descriptive study was conducted in 125
children admitted PICU from April 2022 to September 2022 receiving
IV fluids and kept nil by mouth. The levels of serum sodium,
potassium, urea and creatinine done at dayl of admission were
compared to the investigations done after 72hrs.The data was
categorized based on the type of fluid received by the child. Hypotonic
fluids (0.45% DNS, D10) and isotonic fluids (0.9% DNS).

Results: Out of 125 children, 61(48.8%) received hypotonic fluids
whereas 64(51.2%) received isotonic fluids. The average volume of
hypotonic fluid given was 3.2+1.7 ml/kg/hr whereas of isotonic fluid
given was 2.7+£1.3 ml/kg/hr (p=0.11). Hyponatremia developed in 16
out of 42 baseline normal sodium patients in hypotonic group and 6 out
of 46 in isotonic group(p=0.03). Serum creatinine was raised in 6(12%)
patients out of 50 baseline normal patients in hypotonic group. Serum
urea from baseline normal was raised in 7(21.9%) in hypotonic and in
5(17.9%) in isotonic group (p=0.4). Mortality was significantly higher
in hypotonic group (13.1%) compared to isotonic group (3.1%)
(p=0.04).

Conclusions:For preventing positive fluid balance and also
development of hyponatremia, isotonic fluids should be considered as
routine maintenance fluids.

Copy Right, 1JAR, 2023,. All rights reserved.

Intravenous fluid therapy is one of the fundamental aspects of paediatric critical care. Electrolyte imbalances are
observed frequently and therefore require monitoring and appropriate management. The composition, volume and
duration of intravenous fluids vary according to different situations. Fluidsrequired for fluid resuscitation, routine
maintenance and replacement can be either colloids, crystalloids or other combinations of fluids. The use of
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hypotonic intravenous maintenance fluids in hospitalized children has been considered the standard of care since
1957, when Holliday and Segar published their landmark paper. Hyponatremia is the most common electrolyte
disturbance observed with fluid therapy and studies reporting that the administration of hypotonic solutions in
children increases the risk of hyponatremia in contrast to that for isotonic solutions have been increasing.?Hence
the approach of using hypotonic solutions being for over four decades is now being reconsidered.

Kidney functions rely upon appropriate intravascular volume in order to maintain adequate organ perfusion. Urea is
the primary waste product excreted by the kidney andalso plays a role in urine concentration, particularly in the
inner medulla. Definition of acute kidney injury as per the KDIGO criteria considers both serum creatinine and urine
output. urine output is a problematic element of these criteria, as it is recorded inconsistently especially in a non
critical-care setting.®!Accuracy of serum creatinine and urea are also imperfect as it is affected by ethnicity, body-
mass, age, sex, diet, and medications.!! The fluid balance concept is based on the principal physiologic function of
maintenance of stable volume of the body cells and has been observed to be protective of Kkidney
functions.[;f]Kidney functions therefore need consideration of multiple factors for correlation with the clinical
outcomes.

The tonicity of fluids needs to be considered while maintaining the fluid balance. Hence consideration of both the
parameters are essential for improvement of clinical outcomes.®

The objective of the present study was to analyze the short term effect of intravenous fluids in paediatric intensive
care unit on serum electrolytes and renal function tests. The secondary objective included the comparison of the
incidence of mortality in the groups.

Methods:-

This hospital-based observational descriptive study was conducted in 125 children admitted Paediatric intensive care
unit (PICU) of a tertiary care centre from April 2022 to September 2022.The data was collected retrospectively and
approved by Institutional ethical; committee. The study included children between the age group of >1month and
<12 years. The children admitted in PICU and started on intravenous fluid therapy which were nil by mouth forat
least 72 hrs after admission were included in the study. The children who received oral fluids, in acute or chronic
renal failure or referred from other paediatric intensive care units were excluded from the study.The Serum
electrolytes and renal function tests done at day 1 of admission were compared to the investigations done after 72hrs
of admission. Data was analyzed by categorizing the children as per the type of fluids received. Hypotonic fluids
included Dextrose 10% (D10) and 0.45% wi/v Sodium chloride and 5% wi/v dextrose (0.45% DNS), while isotonic
fluid included 0.9 % w/v Sodium chloride and 5% wi/v dextrose(0.9% DNS).The parameters analyzed in the study
were: Evidence of hyponatremia or hypernatremia and evidence of hypokalemia or hyperkalemia after
administration of fluids. Changes in the levels of serum urea, serum creatinine and observed urine output and fluid
balance states.Data was analyzed using IBM SPSS version 20. Categorical data was compared using Chi square T
test. Averages were compared using independent sample T test and Mann-Whitney p test.

The definitions used are as follows:

1.Hyponatremia is serum sodium level <135 mEq/L."

2.Hypernatremia is serum sodium level >145 mEgq/L, although sometimes it is defined as >150 mEg/L.™"
3.Hypokalaemia is serum potassium level <3.5mEg/L.

4.Hyperkalaemia is serum potassium level >5.5mEq/L."%

5.Normal serum creatinine values taken as 0.4 to 0.9 mg/dl. Normal values of serum urea taken as less than 40
mg/dl.

6.The daily fluid balance (FB) was calculated using the formula: FB = Total Daily Intake (all fluids received by the
patient) - Total Daily Output (all fluids eliminated by the patient).

1047



ISSN: 2320-5407

Int. J. Adv. Res. 11(04), 1046-1052

Study Design:

PICU

Study participants of children admitted in

Hypotonic Fluids (0.45%DNS, D10)

Isotonic Fluids (0.9%DNS)

After 72 Hrs

On Admission
Sr. Electrolytes and

PrTaA~

On Admission

Sr. Electrolytes and

NrTa-

After 72 Hrs

Sr. Electrolytes and

NrTaA

Results:-

Sr. Electrolytes and

DT~

This is a hospital- based observational descriptive study was conducted in 125 children admitted Paediatric intensive
care unit (PICU) as per the inclusion criteria. The electrolytes and renal function tests of the study participants
receiving hypotonic fluids and isotonic fluids has been compared. The observations and results are as follows:

Table 1:- Distribution of study participants as per the gender of the child:

Gender Hypotonic Fluids Isotonic Fluids n(%) Total p value
n(%) n(%)

Female 26(42.6) 29 (45.3) 55 (44) 0.857

N=55

Male 35 (57.4) 35 (54.7) 35 (54.7)

N=35

There was no significant difference observed in gender distribution in the groups receiving hypotonic or isotonic
fluids however females outnumbered male during study duration. (Table 1)

Table 2:- Distribution of study

participants as per the age of the child:

Age(years) Hypotonic Fluids Isotonic Fluids (n=64) p value
(n=61)

Mean (£SD) 7.7(£7.13) 16.5172(+7.89) <0.001

Median 5.5 0.92

As depicted in table 2, the median age of the children who received isotonic fluids (0.9%DNS) was significantly
higher than children who received hypotonic fluids. (9 months vs 5.5 years)<0.01). This difference was observed
might be because of age wise fluid therapy policy of treating unit.

Table 3:- Distribution of cases included in the study as per their primary diagnosis.

Diagnosis Number Percentage
Acute gastroenteritis 39 31.2
Acute hepatitis 10 8
Acute Febrile Illness 5 4
Acute Lymphoblastic Leukemia 3 2.4
Febrile Neutropenia 2 1.6
Severe anemia 8 6.4
Aspiration pneumonia 3 2.4
Bronchopneumonia 16 12.8
Convulsions 14 11.2
Meningitis 2 1.6
Guillian Barre Syndrome 1 0.8
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Dengue 3 2.4
Drug reaction/Poisoning 3 2.4
Epidermolysis bullosa 1 0.8
Ichthyosis vulgaris 1 0.8
HLH syndrome 1 0.8
Hyper IgE syndrome 1 0.8
Idiopathic thrombocytopenic purpura 1 0.8
Late onset sepsis 1 0.8
Multisystem Inflammatory syndrome in children 1 0.8
Pancreatitis 1 0.8
Systemic Lupus Erythematosus 1 0.8
Tetanus 2 1.6
Congenital Heart Disease 5 4
Total 125 100.0

Table 4:- Distribution of serum sodium and renal function test values on admission:

Sr. No. Parameter Values on Admission Hypotonic fluids Isotonic fluids
(N=61) (N=64)
n(%o) N(%)
1. Sodium Normal 42(68.85) 46(71.87)
Abnormal 19(31.14) 18(28.12)
2. Urea Normal 32(52.45) 28(43.75)
Abnormal 29(47.54) 36(56.25)
3. Creatinine Normal 50(81.96) 54(84.37)
Abnormal 11(18.03) 10(15.62)

In Table 4, baseline normal sodium values were observed in 42 out of 61 children receiving hypotonic fluids and 46
out of 64 children receiving isotonic fluids. Baseline normal urea values were observed in 32(52.45%) and
28(43.75%) children receiving hypotonic and isotonic fluids respectively. Baseline normal creatinine were observed
in 50(81.96%) and 54(84.37%) children receiving hypotonic and isotonic fluids respectively.

Table 5:- Distribution of changes after 72hrs of fluid therapy in baseline normal serum sodium and renal function

tests:

Sr. No. Parameter Values after Hypotonic fluids | Isotonic fluids
72hrs of admission | n(%) n(%) p-value

1. Sodium Hyponatremia 16(38.09) 6(13.04) 0.03
Normal 26(61.90) 40(86.96)

2. Urea Abnormal 7(21.9) 5(17.9) 0.4
Normal 25(78.1) 26(86.7)

3. Creatinine Abnormal 6(12.0) 5(9.3) 0.656
Normal 44(88.0) 49(90.7)

In Table 5, hyponatremia developed in 16 out of 42 baseline normal sodium patients in children receiving hypotonic
fluids and 6 out of 46 in those receiving isotonic fluids. The p-value is significant for the development of
hyponatremia in study participants receiving hypotonic fluids (p=0.03). There is no significant derangement
observed in the values of serum urea and creatinine after 72hrs of admission.

Table 6:- Development of hyponatremia after 72hrs of fluid therapy in relation to the on admission values of serum

sodium and the type of fluids administered:

Sr. No. Hyponatremia

| Hypotonic fluids | Isotonic fluids

1. No Hyponatremia

Baseline sodium >135 26(61.90) 40(86.96)

Baseline sodium <135 12(63.15) 14(77.77)
2. Hyponatremia present

Baseline sodium >135 16(26.22) 6(9.37)

Baseline sodium <135 7(36.84%) 4(28.5%)
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| Total | 61 | 64 |

In Table6, the development of hyponatremia in baseline normal serum sodium values is compared with the children
with baseline hyponatremia on admission. Hyponatremia was present in 7 (36.84%) out of 19 and 4 (28.57%) out of
18 in children with baseline hyponatremia in children receiving hypotonic fluids and isotonic fluids respectively.

Table 7:- The total input volume of intravenous fluids (ml/kg/hr):

Input Hypotonic Isotonic p
Volume (ml/kg/Hr ) Fluids (N=61) Fluids (N=64)

Mean 3.2000 2.7000

Std. Deviation 1.70000 1.30000 0.11

In Table 7, the average volumes of fluids transfused were similar in both the groups. The volume of hypotonic fluid
given was 3.2+1.7 ml/kg/hr whereas of isotonic fluid given was 2.7+1.3 ml/kg/hr (p=0.11).

Table 8:- The distribution of fluid balance in both the groups:

Fluid Balance Hypotonic Fluids Isotonic Fluids Total

(ml/kg/Hr) N=61 N=64 N=125 p
n(%) n(%)

<1.5 1(1.6) 3(4.7) 4(3.2) 0.54

O0to-15 7(11.5) 6(9.4) 13(10.4)

0-1.5 30(49.2) 37(57.8) 67(53.6)

>1.5 23(37.7) 18(28.1) 41(32.8)

In Table8, positive fluid balance (> 1.5 ml/kg/hr) developed in 37.7 % in patients receiving hypotonic fluids and in
28.1% in patients receiving isotonic fluids. There was no significant change in the development of positive fluid

balance.

Table 9:- Incidence of Mortality.

Hypotonic Fluids Isotonic Fluids | Total
Outcome N=61 N=64 N=125 p
n(%) n(%) n(%)
Mortality 8(13.1) 2(3.1) 10(8.0)
Survival 53(86.9) 62(96.9) 115(92.0) 0.04
In Table 9, mortality was significantly higher in hypotonic group (13.1%) compared to isotonic group (3.1%)
(p=0.04)
Discussion:-

In this study, the use of isotonic solutions reduces the development of hyponatremia as compared to the ones
receiving hypotonic solutions in children admitted in PICU. There have been fewer studies observing the electrolyte
derangements in children receiving intravenous fluids for >24 Hrs. In this study significant hyponatremia has been
observed after 72hrs of exclusive intravenous therapy and it thus strengthens the association of hyponatremia with
hypotonic maintenance fluids.The observation of the present study has been compared with other published studies
in India and other countries with reference to the use of fluid therapy in paediatric intensive care units.

Table 10:- Comparison with the other published studies:

Study Present Francis Helena Pilar Spyridon A. | Silvio Manish
Study Carandang Isabel Velasco et | Karageorgos | Fabio Kumar et
et all*! Almeida et | al® et alt™ Torres et | al*!
a|[12] a|[13]
Year 2022 2013 2014 2017 2018 2019 2019
Place India United Portugal Madrid Philadelphia | Argentina India
States
Sample | 125 1048 233 111 472 299 168
size
Age Imonth to | Imonth to |1 day to | 1week to | 2month  to | 29days to | 3 months to
12yrs 18yrs 18yrs 15yrs 18yrs 15 yrs 5yrs
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Study Observationa | Retrospectiv | Randomize | Retrospectiv | Retrospectiv | Randomize | Randomize
Type | descriptive | e Cohort | d e Cohort | e Cohort | d controlled | d

study study Controlled | study study trial Controlled

study trial

Follow | 72Hrs 24Hrs 24Hrs 24Hrs 12Hrs 12Hrs 24Hrs
up
Duratio
n

In the present study children in the age group of 1month to 12yrs were included and infants less than 28 days of age
have been excluded. Majority of studies have included children within the age range of 1month to 18yrs of age.
(141314 he study conducted by Helena Isabel Almeida et al*? and Pilar Velasco et al®® have also included neonates
in the study less than 1 month of age. The guidelines published by American academy of Pediatrics ™ recommend
the use of isotonic solutions in the age group patients from 28 days to 18 years of age.

The other studies compared with the present study have a shorter follow up time of 12 Hrs to 24 Hrs. The follow up
time of present study has a follow up time of 72 Hrs. In the present study the children on exclusive intravenous
fluids for 72Hrs have been included and thus changes due to free water from enteral route are avoided.

Significant hyponatremia developed in the study conducted by Francis Carandang et al*!, Helena Isabel Almeida et
al? spyridon A. Karageorgos et aland Pilar Velasco et al®®. Significant hyponatremia was observedin study
participants receiving hypotonic fluids which is comparable with other published studies.In study conducted by Pilar
Velasco et al'®" hyponatremia in 14(63.6%) children out of 22 children with baselinehyponatremia was not corrected
after administration of hypotonic fluids. The result was significant with a p-value of 0.027 as compared to the
children receiving isotonic fluids. The results in the present study were comparable, with hyponatremia being
persistent in children with baseline hyponatremia on admission.

In the present study there is no significant derangement in the values of urea and creatinine which is comparable
with other published studies.™®). Positive fluid balance though observed to be more in patients receiving hypotonic
fluids (37.7 %) was not statistically significant. Positive fluid balance has been considered as an early biomarker of
acute kidney injury in critically ill patients and thus has been compared in the present study.!®!

In the study conducted by Pilar Velasco et al®®), there were 2 deaths (2.9%) in the participants receiving hypotonic
fluids but the values were not significant.In the present study mortality was significantly higher in hypotonic group
as compared to isotonic group. (p=0.04).

Unique About The Study

1. Inthis study results have been observed after 72 hrs as compared to shorter duration of most studies.

2. Results have been compared with fluid balance.

3. As the study population is NBM for 72hrs and there is no source of free water from enteral route and thus
hyponatremia associated has been avoided in the study results.

Limitations

1. The primary outcome prior to 72 hrs of therapy was not examined.

2. Hyponatremia developing acutely in fewer hours have not been included in the study.

3. Asthis is a single-centre trial and hence the sample size was relatively small so there may be deviations in the
results and generalizability of the results.

Conclusion:-

For preventing positive fluid balance and also development of hyponatremia, isotonic fluids should be considered as
routine maintenance fluids.

1051




ISSN: 2320-5407 Int. J. Adv. Res. 11(04), 1046-1052

Declaration
Funding:
None.

Conflict of interest:
None.

References:-

1.

10.

11.

12.

13.

14,

Feld LG, Neuspiel DR, Foster BA, Leu MG, Garber MD, Austin K, Basu RK, Conway EE Jr, Fehr JJ, Hawkins
C, Kaplan RL, Rowe EV, Waseem M, Moritz ML; SUBCOMMITTEE ON FLUID AND ELECTROLYTE
THERAPY. Clinical Practice Guideline: Maintenance Intravenous Fluids in Children. Pediatrics. 2018
Dec;142(6):220183083. doi: 10.1542/peds.2018-3083. PMID: 30478247.

Hasim N, Bakar MAA, Islam MA,; Efficacy and Safety of Isotonic and Hypotonic Intravenous Maintenance
Fluids in Hospitalised Children: A Systematic Review and Meta-Analysis of Randomised Controlled
Trials. Children. 2021; 8(9):785. https://doi.org/10.3390/children8090785

McLean DJ, Shaw AD. Intravenous fluids: effects on renal outcomes. Br J Anaesth. 2018 Feb;120(2):397-402.
doi: 10.1016/j.bja.2017.11.090. Epub 2018 Jan 8. PMID: 29406188.

Karageorgos SA, Kratimenos P, Landicho A, Haratz J, Argentine L, Jain A, Mclnnes AD, Fisher M, Koutroulis
I. Hospital-Acquired Hyponatremia in Children Following Hypotonic versus Isotonic Intravenous Fluids
Infusion. Children (Basel). 2018 Oct 2;5(10):139. doi: 10.3390/children5100139. PMID: 30279348; PMCID:
PMC6209932.

Velasco P, Alcaraz AJ, Oikonomopoulou N, Benito M, Moya R, Sanchez A. Hospital-acquired hyponatremia:
Does the type of fluid therapy affect children admitted to intensive care Rev ChilPediatr. 2018 Feb;89(1):42-50.
English, Spanish. doi: 10.4067/S0370-41062018000100042. PMID: 29664502.

Avila MON, Rocha PN, Perez CA, Faustino TN, Batista PBP, Yu L, Zanetta DMT, Burdmann EA. Positive
fluid balance as an early biomarker for acute kidney injury: a prospective study in critically ill adult patients.
Clinics (Sao Paulo). 2021 Feb 5;76:1924. doi: 10.6061/clinics/2021/e1924. PMID: 33567044; PMCID:
PMC7847255.

Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P; Acute Dialysis Quality Initiative workgroup. Acute
renal failure - definition, outcome measures, animal models, fluid therapy and information technology needs:
the Second International Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit
Care. 2004 Aug;8(4):R204-12. doi: 10.1186/cc2872. Epub 2004 May 24. PMID: 15312219; PMCID:
PMC522841.

Roumelioti ME, Glew RH, Khitan ZJ, Rondon-Berrios H, Argyropoulos CP, Malhotra D, Raj DS, Agaba El,
Rohrscheib M, Murata GH, Shapiro JI, Tzamaloukas AH. Fluid balance concepts in medicine: Principles and
practice. World J Nephrol. 2018 Jan 6;7(1):1-28. doi: 10.5527/wjn.v7.i1.1. PMID: 29359117; PMCID:
PMC5760509.

Kliegman R Stanton B St Geme JW Schor NF Behrman RE Nelson WE. Nelson Textbook of Pediatrics. Edition
21 ed. Philadelphia PA: Elsevier; 2020. Chapter 68 Electrolyte and Acid-Base Disorders.

Moritz ML, Ayus JC. Preventing neurological complications from dysnatremias in children. PediatrNephrol.
2005 Dec;20(12):1687-700. doi: 10.1007/s00467-005-1933-6. Epub 2005 Aug 4. PMID: 16079988.

Carandang F, Anglemyer A, Longhurst CA, Krishnan G, Alexander SR, Kahana M, Sutherland SM.
Association between maintenance fluid tonicity and hospital-acquired hyponatremia. J Pediatr. 2013
Dec;163(6):1646-51. doi: 10.1016/j.jpeds.2013.07.020. Epub 2013 Aug 30. PMID: 23998517; PMCID:
PMC3864746.

Almeida HI, Mascarenhas MI, Loureiro HC, Abadesso CS, Nunes PS, Moniz MS, Machado MC. The effect of
NaCl 0.9% and NaCl 0.45% on sodium, chloride, and acid-base balance in a PICU population. J Pediatr (Rio J).
2015 Sep-0Oct;91(5):499-505. doi: 10.1016/j.jped.2014.12.003. Epub 2015 Jun 10. PMID: 26070865.

Torres SF, lolster T, Schnitzler EJ, Siaba Serrate AJ, Sticco NA, Rocca Rivarola M. Hypotonic and isotonic
intravenous maintenance fluids in hospitalised paediatric patients: a randomised controlled trial. BMJ Paediatr
Open. 2019 May 9;3(1):e000385. doi: 10.1136/bmjpo-2018-000385. PMID: 31206070; PMCID: PMC6542423.
Kumar M, Mitra K, Jain R. Isotonic versus hypotonic saline as maintenance intravenous fluid therapy in
children under 5 years of age admitted to general paediatric wards: a randomised controlled trial. Paediatrint
Child Health. 2020 Feb;40(1):44-49. doi: 10.1080/20469047.2019.1619059. Epub 2019 May 29. PMID:
31138063.

1052


https://doi.org/10.3390/children8090785

