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cases – we suspect that this was either due to the difficulty of the case 
or more likely survey fatigue. Although very unlikely, it is possible 
that participants discussed cases with each other before submitting 
responses.

Conclusion
In conclusion, we found high variability in the management of 
hypernatraemia that was mainly influenced by the institution at 
which postgraduate training was undertaken. By appreciating the 
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Fig. 1. Clinician-prescribed infusate for maintenance intravenous requirements in children for scenarios one (A), two (B), and three (C).
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Fig. 2. Clinician-prescribed volume of maintenance intravenous requirements in 
children for scenarios one (A), two (B), and three (C).
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Fig. 3. Clinician-prescribed volume of fluid deficit replacement in children for 
scenarios one (A), two (B), and three (C).
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Paediatric hypernatraemia is a severe and life-threatening electrolyte 
abnormality that occurs as a consequence of inadequate fluid intake,[1] 
the loss of hypotonic water from diarrhoeal disease, or rarely from 
excessive sodium intake.[2-4] Hypernatraemia occurs in ~10 - 20% 
of children with dehydrating diarrhoeal disease.[5,6] Furthermore, 
hypernatraemia is associated with high mortality (12  -  19%) and 
adverse neurodevelopmental outcomes.[4,7] In South Africa, the 
prevalence of hypernatraemic dehydration  among hospitalised 
children with diarrhoeal disease varies from 12.3 - 41%.[8-10] In a 
recent South African study, the prevalence of hypernatraemia among 
all hospitalised children was 5.3%, with mortality rates of 28.0% in 
children with serum sodium levels >180 mmol/L.[11]

Appropriate intravenous fluid administration is a crucial 
component of therapy that reduces morbidity and mortality from 
hypernatraemia.[1] The selection of an appropriate intravenous 
fluid solution (infusate), the total volume of infusate administered, 
the rate of infusate administration, as well as the administration 
of intravenous fluid boluses are important therapeutic choices 
that a paediatrician must make to optimise treatment of 

hypernatraemia;[12] inappropriate infusate prescriptions (selection, 
rates and volume of administration) are associated with increased 
mortality and morbidity rates.[13,14] However, there is a dearth of 
high-quality studies about fluid and electrolyte management in 
children with hypernatraemia, and to date there are no national 
or international consensus management guidelines. Despite this 
limitation, the overarching principle of management is the gradual 
reduction of serum sodium levels in children with hypernatraemia. 
Our anecdotal experience suggests that South African doctors 
struggle with choosing an appropriate intravenous solution, as 
well as the rate and total volume of the infusate fluid, especially 
in severely ill children. We therefore conducted an online survey 
of South African paediatric registrars and consultants in state 
and private practice to determine the extent of variance in the 
management of paediatric hypernatraemia. This information is 
needed to develop a clinical practice guideline for paediatric 
hypernatraemia, which is a common and serious condition in 
South African children.

Background. Paediatric hypernatraemia is a severe and life-threatening electrolyte abnormality that is associated with considerable 
morbidity and mortality. Although intravenous (IV) fluid therapy is a crucial component of management, there are no management 
guidelines, and varying approaches to IV fluid therapy are commonplace in clinical practice.
Objectives. To determine the variance in IV fluid therapy in the management of paediatric hypernatraemia among paediatric registrars 
and consultants in South Africa.
Methods. A self-administered online survey was conducted from November 2020 to February 2021. The survey assessed paediatricians’ 
management of three typical clinical scenarios of community-acquired hypernatraemia seen in South Africa. Descriptive results 
were presented as proportions, frequencies and medians with interquartile ranges. Comparisons were done using contingency tables.
Results. Responses from 119 participants were analysed. Most respondents worked in the state sector (69.8%), and were based mainly in 
Gauteng (46.2%) or Western Cape (25.2%) province. Most (60.2%) respondents considered a serum sodium level ≥146 mmol/L indicative 
of hypernatraemia, and 43.6% (n=51/117) reported seeing >10 cases of paediatric hypernatraemia in 2019. For all three cases, at least eight 
different types of infusate (of varying sodium concentrations) were chosen as maintenance fluids. Fluid deficits were calculated using 
either the free water method or based on the perceived degree/percentage of clinical dehydration.
Conclusion. There is considerable variability in the management of hypernatraemia among paediatricians in South Africa. There is an 
urgent need to develop a standardised guideline for the treatment of paediatric hypernatraemia.

S Afr J Child Health 2023;17(4):e2004. https://doi.org/10.7196/SAJCH.2023.v17i4.2004

Variations in intravenous fluid management 
for paediatric hypernatraemia in South Africa: 
A survey of junior and senior South African 
paediatric doctors
M Milovanovic,1 MA Psych; S Omar,2 Cert Critical Care; S G Lala,3,4* PhD; Z Dangor,3,4* PhD 
*Joint senior authorship

1 Perinatal HIV Research Unit, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa
2 Department of Critical Care, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa
3 Paediatric Education and Research Ladder, Department of Paediatrics, Faculty of Health Sciences, University of the Witwatersrand, 
  Johannesburg, South Africa
4 Department of Paediatrics and Child Health, Chris Hani Baragwanath Academic Hospital, Faculty of Health Sciences, University of the 
  Witwatersrand, Johannesburg, South Africa

Corresponding author: Z Dangor (ziyaad.dangor@wits.ac.za)



Consideration about dehydration

• Concern about fluid and electrolyte shifts

• Compensation mechanisms of the body

• Degree of dehydration is essential



Considerations about fluids

• Fluids are drugs

• Consider 

• Indication

• Route of administration

• Duration

• Adverse effects



Primum non nocere



Fluid composition

Resuscitation Maintenance

Modified 
Ringer’s lactate 

Sodium chloride, 
0.9%

½ Darrows
Dextrose, 5%

Sodium chloride, 
0.9%/Dextrose, 
5%

Paediatric 
Maintenance 
Solution

Balanced 
solution

Na 130 154 61 154 35 130

K 4 18 12 4

Cl 109 154 51 154 47 110

Bicarb 27 27

Lactate 28

Dextrose 50 50 50

Osmolality 272 308 434 560 372 273

Tonicity Isotonic Isotonic Hypotonic Hypertonic Hypotonic Isotonic

pH 6,5 5 7,4

Values expressed in mmol/L, except osmolality and pH



Resuscitation Fluids: Saline versus Ringers Lactate

• The previous edition of the Paediatric STGs and EML only recommended Sodium Chloride, 0.9% .

• The consideration of Modified Ringers Lactate was evaluated during the current review cycle.

Kartha GB, Rameshkumar R, Mahadevan S.  Randomized Double-Blind Trial of Ringers Lactate versus Normal Saline in Pediatric 
Acute Severe Diarrheal Dehydration.  JPGN, 2017, 65 (6):1.

A randomized trial comparing the effectiveness of Ringer lactate and normal saline for correction of paediatric 
acute severe diarrhoeal dehydration found that 38% of patients on Ringers lactate and 23% of patient on normal 
saline had improvement in clinical status and pH ≥ 7.35 after 6 hours, RR =1.63, 95% CI 0.8 to 3.4).  
No significant differences were seen secondary outcomes regarding electrolyte, renal and blood gas parameters, or 
hospital stay duration.  



Resuscitation Fluids: Saline versus Ringers Lactate

Modified Ringers Lactate was thus added as an alternative resuscitation fluid to 

sodium chloride, 0.9% in a shock, anaphylaxis, cardiac arrest and burns.

Item Price*
Sodium Chloride; 0.9%; Infusion (parenteral); 1 L R12.37 

Ringer Lactate; Infusion (parenteral); 1 L R10.75

• Comparable in efficacy, the consider the costs:

*January 2024

Note:  Much large volume on National 
Contract for NaCl compared to Ringers 
Lactate.  As volumes of Ringers 
increase, it would be expected this price 
to go down



Resuscitation 
fluids

• Historical recommendation 
retained

Sodium Chloride, 0.9%

• Alternative included

Modified Ringers Lactate



Maintenance 
fluids

Major change in fluid 
recommendations throughout Previous 

recommendation
• ½ Darrow dextrose, 

5%

Updated 
recommendation
• Saline, 0.9% with 

dextrose, 5%



Update in maintenance fluid recommendation for children

• Half-strength Darrow's solution has been used extensively for childhood dehydration in treatment 

internationally. 

• Major adverse effect:  iatrogenic hyponatraemia. 

Brosier, et al. ESPNIC clinical practice guidelines: intravenous maintenance fluid therapy in acute and critically ill children- a systematic review and meta-
analysis. Intensive Care Med. 2022 Dec;48(12):1691-1708. doi: 10.1007/s00134-022-06882-z. Epub 2022 Oct 26..



Five PICOs

Indications for IV maintenance 
fluid therapy (IV-MFT)

Use of isotonic fluids

Use of balanced solutions

IV-MFT composition

Volume of IV-MFT 
administered



Table 3 Characteristics of the patients recruited in the included studies

DKA diabetic keto acidosis

Acutely ill children Critically ill children No distinction possible 
between acute and critically ill 
children

PICO 1 11 studies
Total: 2268 patients
Gastroenteritis n = 737
Bronchiolitis n = 759
Meningitis n = 357
Newborns with hyperbilirubinemia n = 164
Post tonsillectomy n = 50
Pancreatitis n = 201

1 study
Total: 186 term newborns

0

PICO 2 14 studies
Total: 3444 patients
Respiratory failure n = 229
Surgery n = 229
Central nervous system infection n = 92
Various diagnosis n = 2894

10 studies
Total: 1692 patients
Surgery n = 207
Neurosurgery n = 82
Term neonates n = 108
Various diagnosis n = 1295

1 study
Total: 294 patients
Various diagnosis

PICO 3 7 studies
Total: 1849 patients
Gastroenteritis n = 187
Pancreatitis n = 1581
Sepsis n = 50
DKA n = 31

3 studies
Total: 660 patients
DKA n = 35
Neurosurgery n = 82
Various diagnosis n = 543

2 studies
Total: 130 patients
Neurosurgery n = 53
DKA n = 77

PICO 4 0 4 studies
Total: 745 patients
Post-surgery n = 130
Post cardiac surgery n = 607
Post craniosynostosis n = 8

0

PICO 5 3 studies
Total: 279 patients
Meningitis n = 50
Post-surgery n = 62
Various diagnosis n = 167

5 studies
Total: 471 patients
Neurosurgery n = 82
Respiratory failure n = 23
Various diagnosis n = 366

0
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Fig. 3 Meta-analysis of studies comparing the impact on hyponatremia occurrence of isotonic versus hypotonic solutions



Conclusions
These evidence-based recommendations provide a ‘best-
available-evidence’ guide for both pediatric and intensive 
care clinicians around the prescription of IV-MFT. Due 
to a paucity of robust evidence, the evidence level for 
most of the recommendations is low, even when strong 
consensus was reached among the expert group. Thus, 
many recommendations are based on expert opinion. 
This review clearly identifies the urgent need and gaps for 
future research in this field. Each of our PICO questions 
deserves further robust research, and new RCTs should 
be conducted specifically to clarify the impact of the use 

of isotonic solutions or balanced solutions in various 
age groups (term neonates, infants and older children) 
and a variety of clinical conditions. The lack of evidence 
regarding optimal electrolyte compositions (K, P, Mg, Ca) 
of IV-MFT is striking and so is the need for micronutri-
ent additions in IVMFT. Consistent reporting of relevant 
outcome is mandatory to enable future metanalysis. ESP-
NIC intends to update these guidelines every 5 years, fol-
lowing the same methodology. In the future, our expert 
group also aims to produce tools to help implement these 
guidelines into clinical practice and promote auditing 
and monitoring of their implementation.

Fig. 4 Meta-analysis of studies comparing the impact on acute or critical care stay of balanced versus non-balanced solutions

Fig. 5 Meta-analysis of studies comparing the impact on natremia of a restrictive versus a non-restrictive fluid strategy

1705



Update in maintenance fluid recommendation for children

Brossier, et al. ESPNIC clinical practice guidelines: intravenous maintenance fluid therapy in acute and critically ill children- a systematic review and 
meta-analysis. Intensive Care Med. 2022 Dec;48(12):1691-1708. doi: 10.1007/s00134-022-06882-z. Epub 2022 Oct 26..



Update in maintenance fluid recommendation for children

Half strength Darrow with glucose 5% is the more costly option compared to saline 0.9%/dextrose 5% 

option

Half Darrow With 
Glucose; 5%; Infusion 

(parenteral); 500 ml 

Sodium Chloride, Dextrose; 0.9%, 
5%; Infusion (parenteral); 1 L

Sodium Chloride, 0.9% Dextrose, 
5%; Infusion (parenteral); 200 ml

Current contract price* R12.86 R12.37 R22.28

Price per litre R25.72 R12.37 R111,40
*January 2024

Thus removed: replaced with Sodium Chloride 0.9%/Dextrose 5% solution



Update in maintenance fluid recommendation for children

Balanced solutions..?

Half Darrow With Glucose; 
5%; Infusion (parenteral); 

500 ml 

Sodium Chloride, Dextrose; 
0.9%, 5%; Infusion 
(parenteral); 1 L

Sodium Chloride, 0.9% 
Dextrose, 5%; Infusion 
(parenteral); 200 ml

Plasmalyte B (Balsol); 1 L

Current contract 
price* R12.86 R12.37 R22.28 R21.58#

Price per litre R25.72 R12.37 R111,40 R21.58
*January 2024
# Non-EML

Thus removed: replaced with Sodium Chloride 0.9%/Dextrose 5% solution





The Case for Oral Rehydration 
Therapy



The human body has strict 
physiologic control to maintain a 
balance of fluid and electrolytes.



The case for oral rehydration therapy

Physiology

• Antidiuretic hormone

• Renal regulation of urinary water losses

• Thirst centre to regulate intake



The case for oral rehydration therapy

Evidence

• Equal efficacy
• Fewer complications, e.g. phlebitis
• Shorter duration of hospitalisation 
• Lower cost
• Easier to administer 
• Quicker to treatment commencement
Also…
• Opportunity to empower the caregiver



IMCI

Drinks 
eagerly

Let 
them J



Key points to note

Most children should receive 
maintenance fluids orally or via 

nasogastric tube

For rehydration, the oral or nasogastric 
route is preferred

All children receiving IV fluid should be 
re-assessed frequently (4 hourly)

Rapid rehydration over 4 hours (vs slow 
rehydration) is preferred



Key points to note

Encourage normal nutrition

Rehydration is additional to nutrition 
(not a replacement)

Be extremely cautious with IV fluid in 
SAM patients 

Zinc 10 mg daily for 14 days to all
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