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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.
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Methods
From November 2020 to February 2021, we conducted a self-
administered online survey (in English) with paediatric consultants 
and registrars across South Africa regarding the management 
of hypernatraemia in children. There are approximately 1  400 
registered paediatric clinicians (1 000 consultants and 400 registrars) 
in South Africa.[15] Paediatricians in private practice, and paediatrics 
registrars and consultants working in state hospitals, were invited 
to participate in the survey through an email invitation sent to the 
following networks: (i) the Paediatric Management Group, (ii) the 
South African Paediatric Association, and (iii) the academic Heads 
of Department of Paediatrics at all South African medical schools. 
Those receiving the communication were also encouraged to share 
the study details with others they deemed eligible for participation. 
Monthly follow-up communications were sent to the paediatric 
networks to encourage participation. Medical officers and interns 
were not eligible for inclusion in the study.

The survey, which took approximately 15 minutes to complete, 
was constructed as single-answer multiple choice questions with 
an option to provide additional or other information where 
necessary (full survey available as supplementary material, https://
www.samedical.org/file/2091). The demographic section collected 
information on current position, province where currently working, 
years of experience, and medical school where postgraduate training 
was undertaken. We also collected data determining the approximate 
number of cases of hypernatraemia that the clinician managed in 
the previous year. In the survey, we developed three hypothetical 
clinical scenarios (Box 1) that mimic typical presentations of 
community-acquired (and not hospital-acquired) hypernatraemia 
in South African children. Case 1 represents a septic neonate 
who was severely dehydrated with a sodium concentration of 155 
mmol/L; Case 2 represents a severely ill hypotensive six-week-old 
infant with a sodium concentration of 180 mmol/L; and Case  3 
represents a moderately dehydrated six-month-old infant who 
tolerated oral feeds and had a sodium concentration of 165 mmol/L. 
A series of questions, regarding the intravenous fluid management of 
hypernatraemic children, then followed each clinical scenario.

Statistical analysis
All data were abstracted from the online platform into MS Excel, 
and analysed using Excel and Stata, version 13. Descriptive results 
were presented as proportions, frequencies and medians with 
interquartile ranges. Comparisons were done using contingency 
tables (either chi-square or Fisher’s exact test); a p-value <0.05 was 
considered significant. Paediatric consultants were categorised 
into two groups: those with <10 years’ experience compared with 
those with ≥10 years’ experience. Fluids were classified as either 
hypotonic (sodium content ≤77 mmol/L) or isotonic (sodium 
content >77 mmol/L). We also categorised responses based on 
where most participants were registered or completed their 
postgraduate training, namely: University of the Witwatersrand 
(Wits), University of Cape Town (UCT), University of Pretoria 
(UP) and University of the Free State (UFS).

Ethics approval
Prior to starting the survey, interested members were requested 
to read through the detailed information page. By agreeing to 
‘continue’, interested members were, by proxy, consenting to 
participate in the online survey and provided permission for 
their responses to be used for research purposes. This study was 
approved by the University of the Witwatersrand Human Research 
Ethics Committee (Medical) (ref no. M200923).

Results
A total of 121 survey responses were collected, from which two 
were removed from the final analysis owing to missing information. 
Of the total number analysed (N=119), 85 (71.4%) were consultants, 
with a median of 9 (interquartile range (IQR) 3 - 16) years of work 
experience. The majority of respondents worked in the public sector 
(n=83/119, 69.8%), with most based in either Gauteng (n=55/119, 
46.2%) or Western Cape (n=30/119, 25.2%) province. A third 
of respondents (n=41/119, 34.8%) completed their postgraduate 
paediatric training at the University of the Witwatersrand (Table 1).

Regarding hypernatraemia, 71/118 (60.2%) respondents 
considered a serum sodium level ≥146 mmol/L as indicative of 
hypernatraemia while 43/118 (36.4%) regarded a serum sodium 
level ≥150 mmol/L as indicative of hypernatraemia. While a majority 
(n=91/117, 77.8%) of respondents indicated that serum sodium was 
the single most important clinical or laboratory parameter guiding 
the management of hypernatraemia, a fifth of respondents (n=26/117, 
22.2%) used another clinical or biochemical parameter. In assessing 
paediatricians’ exposure to children with hypernatraemia, 43.6% 
(n=51/117) of respondents reported seeing >10 cases of paediatric 
hypernatraemia in 2019 (Table 1).

Interpretation and management of case scenarios
In general, for all three cases, at least eight different types of infusate, 
with varying sodium concentrations (nil to >154 mmol/L), were 
chosen as maintenance fluids (Fig.  1.A - C). This difference was 
significantly associated with the university at which postgraduate 
paediatric training occurred (Case 1, p=0.011; Case 2, p=0.026; 
Case 3, p=0.018; Supplementary Tables 1 - 3, https://www.samedical.
org/file/2090). There was no significant difference in prescribing 
practice between paediatricians working in the private or state sector, 
or between paediatric registrars and paediatricians (data not shown). 
Senior paediatricians (≥10 years in practice) prescribed half-strength 
Darrow’s dextrose solution more frequently than did their junior 
counterparts. Regarding the total volume of infusate fluid used to 
correct fluid deficit, some paediatricians calculated the deficit by 
estimating the amount of free water needed to correct the sodium 
whereas other paediatricians calculated the deficit based on the 
perceived degree/percentage of clinical dehydration (Fig. 2.A - C and 
Supplementary Tables 1 - 3, https://www.samedical.org/file/2090).

Case 1 specific findings
The most common type of prescribed infusate for maintenance 
requirements was Neonatalyte (27.6%), half-normal saline with 
5% dextrose (19.1%) and half-strength Darrow’s dextrose solution 
(16.2%) (Fig.  1.A). Clinicians trained at UCT were less likely to 
prescribe Neonatalyte as compared with Wits, UP or UFS. About 
15% of paediatricians prescribed a modified infusate adding either 
sodium bicarbonate or hypertonic sodium chloride (Supplementary 
Table  1, https://www.samedical.org/file/2090). Where specified, 
78.8% (n=67/85) of responders prescribed hypotonic fluids for 
maintenance.

Regarding the volume of infusate prescribed as maintenance 
requirements, 80.9% of responders (Fig.  2.A) did not prescribe 
maintenance intravenous fluids using the well-described Holliday-
Segar formula.[16]

Case 2 specific findings
Normal (0.9%) saline (48.5%) and Ringer’s lactate (29.9%) were 
the most common infusates used for fluid boluses (Supplementary 
Table  2). The majority of clinicians who trained at UCT and UFS 
used Ringer’s lactate as the bolus fluid. As compared with Case  1, 

https://www.samedical.org/file/2091
https://www.samedical.org/file/2091
https://www.samedical.org/file/2090
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a larger proportion of clinicians (22.5%) prescribed a modified 
infusate (adding either sodium bicarbonate or hypertonic sodium; 
Supplementary Table 2, https://www.samedical.org/file/2090). Where 
specified, 45.2% (n=33/73) of responders prescribed hypotonic 
fluids for maintenance.

Case 3 specific findings
For Case 3, which specifically enquired about the administration of 
oral fluids, 49.5% (n=47/95) of clinicians chose to rehydrate using only 
oral therapy, 48.4% (n=46/95) chose to rehydrate using a combination 
of oral and intravenous therapy, and 2.1% (n=2/95) chose to rehydrate 
using intravenous therapy only (Supplementary Table 3, https://www.
samedical.org/file/2090). There were large variations in the type of 
infusate chosen for maintenance fluid; this difference was mainly 
associated with the postgraduate training institute.

Discussion
The present study, which sought to determine the extent of variance 
in the management of paediatric hypernatraemia by state and private 
practice clinicians highlighted a few important findings: (i) there 
are significant geographic differences in the choice and volume of 
infusate used by clinicians and this is most likely dependent on the 
postgraduate training institution; (ii) there is no single IV maintenance 
fluid that is preferred by clinicians: at least eight different types of 
infusate of varying sodium concentrations (nil to >154  mmol/L) 
and tonicity were prescribed; and (iii) 22% of responders do not use 
the drop in sodium concentration as the most important marker 
in the management of hypernatraemia. Our findings suggest that 
clinicians may struggle to select appropriate intravenous therapy, 

including the rate and volume of administered infusate fluid, in 
severely ill children with hypernatraemia. Importantly, inappropriate 
fluid therapy is associated with higher mortality in children with 
hypernatraemia.[1] Hence, a clinical practice guideline for paediatric 
hypernatraemia is urgently warranted in South Africa,[17,18] and even 
though this study was undertaken in South Africa, these challenges 
are likely to be present in other low- and middle-income countries.

Our questionnaire included case descriptions that typically mimic 
common clinical presentations of hypernatraemia in children, and 
we therefore expected registrars and consultants to be familiar with 
the management of these cases. This consideration allowed us to 
assess knowledge transfer, case management based on the severity of 
clinical presentation, the level of dehydration, the degree of shock, 
the child’s ability to tolerate oral fluids (widely accepted as a safer 
option than using intravenous fluids), as well as the gradual reduction 
of serum sodium levels. Regarding the two major postgraduate 
teaching institutions, we found that clinicians who trained at UCT 
were more likely to base their fluid deficit calculations on the 
percentage of dehydration in the child as compared with clinicians 
who trained at Wits, who favoured the free water deficit calculation.

Our results indicate that South African paediatricians demonstrate 
little consistency in managing a serious, and not uncommonly 
encountered, medical condition. This is very likely to be influenced 
by their personal experiences and the application of general, rather 
than specific, fluid management principles that are taught at their 
training institute. This variability in judgement (referred to as 
‘noise’ in cognitive psychology; our study is an example of a ‘noise 
audit’) almost always contributes to poorer outcomes.[19] The high 
level of variability in management implies that a clinical guideline 

Box 1 Clinical scenarios

Case 1. A 21-day-old female neonate presents with a 2-day history of worsening fever, fast breathing and vomiting. The infant was previously 
well and born vaginally at term to a healthy mother (who had an uncomplicated pregnancy) and was exclusively breast feeding before 
the current illness. Her current weight is 2.5 kg. On examination, her vital signs are as follows: pulse 160 beats per minute, blood 
pressure 75/45 mmHg, respiratory rate 55 breaths per minute, and temperature 38.50C. Her oxygen saturation is 95% in room air and 
her initial reagent strip glucose is 8.5 mmol/L. She is lethargic and has clinical signs suggesting 10% dehydration. However, there are no 
other abnormal clinical findings. A preliminary diagnosis of septicaemia is made, and she is started on broad spectrum antibiotics after 
a septic work-up is performed. Her initial venous gas analysis reveals a Na level of 155 mmol/L. Her formal urea and electrolyte results 
are expected in the next 4 - 6 hours. Her free water deficit (to correct to target Na 145 mmol/L over the next 24 hours) is approximately 
100 mL. During the next 24 hours, assume that she receives only crystalloid intravenous fluids. She is able to pass urine; and assume that 
her potassium levels remain normal throughout therapy.

Case 2. A 6-week-old male infant presents with a 4-day history of worsening vomiting, lethargy, respiratory distress and poor feeding. He was 
previously well and born vaginally at term to a healthy mother (who had an uncomplicated pregnancy). He is exclusively breast fed. His 
current weight is 3.5 kg. On examination, his vital signs are: pulse 180 beats per minute, blood pressure 50/30 mmHg, respiratory rate 
65 breaths per minute, and temperature 38.50C. His oxygen saturation is 85% in room air and his initial reagent strip glucose is 4.5 mmol/L. 
He is lethargic and has clinical signs suggesting 10% dehydration. Apart from hyperinflation, there are no other abnormal clinical findings. 
A diagnosis of septicaemia is made. He is started on broad spectrum antibiotics after a septic work-up is performed. After oxygen therapy, 
his oxygen saturation improves to 95%. His initial venous gas analysis reveals a Na+ level of 180 mmol/L, pH 7.0, (HCO3 ) 5 mmol/L and a 
standard base excess of -20 mmol/L. His urea and electrolyte results are expected in the next 4 - 6 hours. His free water deficit (to correct to 
target Na+ 170 mmol/L over the next 24 hours) is approximately 125 mL. During the next 24 hours, assume that he receives only intravenous 
fluids. He is able to pass urine; and assume that his potassium levels remain normal throughout therapy.

Case 3. A 6-month-old male infant presents with a 5-day history of worsening watery (but non-bloody) diarrhoea. He passed 10 watery stools 
in the previous 24 hours. He was previously well. His current weight is 8.0 kg. On examination, his vital signs are: pulse 125 beats per 
minute, blood pressure 75/45 mmHg, respiratory rate 30 breaths per minute, and temperature 37.20C. His oxygen saturation is 95% in 
room air and his initial reagent strip glucose is 4.5 mmol/L. He has clinical signs suggesting 5% dehydration but is alert, able to feed 
and otherwise well-appearing. He has no other abnormal clinical findings. A preliminary diagnosis of acute gastroenteritis is made. 
Although he is able to tolerate oral fluids, he is hospitalised because his exhausted mother is unable to maintain his hydration with oral 
rehydration solution any longer. His initial venous gas analysis reveals a Na level of 165 mmol/L. His formal urea and electrolyte results 
are expected in the next 4 - 6 hours. His free water deficit (to correct to target Na+ 155 mmol/L over the next 24 hours) is approximately 
310 mL. He is able to pass urine; and assume that his potassium levels remain normal throughout therapy.

https://www.samedical.org/file/2090
https://www.samedical.org/file/2090
https://www.samedical.org/file/2090
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must be developed for paediatricians who treat children with 
hypernatraemia. Even in the absence of high-quality evidence to 
inform practice (and it is not pragmatic to conduct such high-quality 
clinical trials in low- or middle-income settings in the near future), 
a team of experienced clinicians can use clinical reasoning to develop 
protocols that allow for a gradual and safe reduction in serum 
sodium levels.[17,18,20] Standardised treatment approaches also make it 
easier to identify and correct biases or errors that contribute to poor 
outcomes in hypernatraemia.

Our study has limitations. Owing to the impact of the COVID-19 
pandemic, our survey response rate was lower than anticipated. 
By utilising existing networks, we hoped to access departments and 
hospitals across varying sectors and provinces in South Africa, which 
would have allowed us to explore differences and similarities in 
management protocols. However, our sample was not representative 
of the smaller universities in South Africa and featured responses 
from clinicians mostly from Gauteng and the Western Cape. 
Furthermore, our response rate for case 3 was lower than the other 

Table 1. Comparison of education history, work experience and knowledge of paediatric hypernatraemia

Variable
Overall
N=119

Paediatrician
n=85 (%)

Paediatric registrar
n=34 (%)

Work experience 79
Median years of work (IQR) - 9 (3 - 16) -

Sector 119 85 34
Private 25 (21.0%) 25 (29.4%) -
Public 83 (69.8%) 49 (57.7%) 34 (100%)
Both 11 (9.2%) 11 (12.9%) -

Province worked 119 85 34
Gauteng 55 (46.2%) 39 (45.9%) 16 (47.1%)
Western Cape 30 (25.2%) 22 (25.9%) 8 (23.5%)
Northern Cape 1 (0.8%) 1 (1.2%) -
North West 1 (0.8%) 1 (1.2%) -
Eastern Cape 11 (9.2%) 6 (7.1%) 5 (14.7%)
Limpopo 3 (2.5%) 2 (2.4%) 1 (2.9%)
Mpumalanga 2 (1.7%) 2 (2.4%) -
KwaZulu-Natal 8 (6.7%) 7 (8.2%) 1 (2.9%)
Free State 8 (6.7%) 5 (5.9%) 3 (8.8%)

Postgrad training 118 85 33
Walter Sisulu University 7 (5.9%) 2 (2.4%) 5 (15.2%)
University of the Witwatersrand 41 (34.8%) 30 (35.3%) 11 (33.3%)
University of Pretoria 19 (16.1%) 15 (17.7%) 4 (12.1%)
University of KwaZulu-Natal 6 (5.1%) 6 (7.1%) -
University of the Free State 13 (11.0%) 9 (10.6%) 4 (12.1%)
University of Cape Town 20 (17.0%) 15 (17.7%) 5 (15.2%)
Stellenbosch University 8 (6.8%) 6 (7.1%) 2 (6.1%)
Sefako Makgatho Health Sciences University (formerly Medunsa) 3 (2.5%) 2 (2.4%) 1 (3.0%)
University of Limpopo 1 (0.9%) - 1 (3.0%)
Nelson Mandela University - - -
Outside South Africa - - -

Child hypernatraemia (Na+) 118 84 34
≥140 mmol/L 4 (3.4%) 3 (3.6%) 1 (2.9%)
≥146 mmol/L 71 (60.2%) 49 (58.3%) 22 (64.7%)
≥150 mmol/L 43 (36.4%) 32 (38.1%) 11 (32.4%)

Hospitalised from home hypernatraemia cases 117 83 34
1 - 5 46 (39.3%) 43 (51.8%) 3 (8.8%)
6 - 10 20 (17.1%) 7 (8.4%) 13 (38.2%)
>10 51 (43.6%) 33 (39.8%) 18 (53.9%)

Important clinical or laboratory parameter for treating hypernatraemia 117 83 34
Serum sodium 91 (77.8%) 62 (74.7%) 29 (85.3%)
pH, HCO3 and base excess 6 (5.1%) 5 (6.0%) 1 (2.9%)
Urea and creatinine 2 (1.7%) 2 (2.4%) -
Serum osmolality 8 (6.8%) 6 (7.2%) 2 (5.9%)
Total body weight 4 (3.4%) 3 (3.6%) 1 (2.9%)
Urine output 6 (5.1%) 5 (6.0%) 1 (2.9%)

IQR = interquartile range.
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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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varying strategies used by paediatric registrars and consultants in 
South Africa, this study highlights the need to develop a standardised 
guideline for the treatment of paediatric hypernatraemia.
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