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Abstract. Hyponatraemia is frequently encountered in adults with coronavirus disease 2019 (COVID-19) 
and is associated with poor prognosis. This review aims to describe for the first time the prevalence, aetiol-
ogy, prognostic value, pathophysiology, and management of hyponatraemia in children and adolescents with 
COVID-19, taking into account all relevant studies published in PubMed and Cochrane Library studies until 
26th September 2021. Literature search did not detect any studies evaluating the prevalence and prognostic 
value of sodium disorders in paediatric patients with COVID-19. A broader literature review showed a high 
prevalence of hyponatraemia in children with bacterial pneumonia, while some studies have reported that 
hyponatraemia is relatively common in Multisystem Inflammatory Syndrome in Children (MIS-C). In adults 
with COVID-19, an inverse association between sodium and interleukin-6 levels has been found, indicating 
that hyponatraemia could be used as a surrogate marker for the risk of cytokine storm and may facilitate the 
identification of patients who could benefit from immunomodulatory agents. Studies are urgently needed to 
evaluate the frequency and prognostic impact of electrolyte abnormalities in children with COVID-19. In the 
meantime, clinicians are urged to consider hyponatraemia in children with COVID-19 as a potential red flag, 
investigate the cause and administer fluids and other therapies accordingly. (www.actabiomedica.it)
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P e d i a t r i c  e n d o c r i n o l o g y  u p d a t e  ( e d i t o r :  v i n c e n z o  d e  s a n c t i s )

Introduction 

Hyponatremia (defined as serum sodium lev-
els below 135 mmol/l) is the most common electro-
lyte disorder encountered in hospitals, occurring in 
approximately 15-30% of hospitalised children (1,2). 
Hyponatraemia is a well-established independent risk 
factor for in-hospital mortality and poor clinical out-
comes (3-5). The body’s main defence against develop-
ing hyponatraemia is the kidney’s ability to generate 
dilute urine and excrete free water. The primary rea-
son for development of hyponatremia in children 
is impairment of renal free water clearance, often in 
combination with excess water intake or sodium losses. 

In addition, children are at higher risk than adults for 
developing hyponatraemic encephalopathy due to the 
higher brain-to-skull size ratio, leaving less room for 
brain expansion. A child’s brain reaches adult size by 
6 years of age, whereas the skull does not reach adult 
size until 16 years of age (6). Also, the paediatric brain 
has much less Na+-K+-ATPase activity, the key pathway 
of sodium extrusion from cells, than the adult brain, 
limiting brain’s capacity to adapt to hyponatraemia (7). 
Hyponatraemia is a frequent finding in children and 
adolescents with pneumonia, with its incidence being 
estimated at 13-35% (8-10). Numerous studies have 
shown that serum sodium levels in children with res-
piratory tract infections are inversely correlated with 
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inflammatory biomarkers, suggesting that hyponatrae-
mia can be a surrogate marker for the degree of inflam-
mation. Similar to paediatric studies, studies in adults 
with community-acquired pneumonia (CAP) have 
reported a high prevalence for hyponatraemia, rang-
ing from 28% to 32%, and an independent association 
with both an excess of in-hospital mortality as well as 
an increase in the length of hospital stay (11-15).

The COVID-19 pandemic, with a reported 
220 million people having so far been infected by 
severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2), is the greatest global public health 
crisis of this generation (16,17). In contrast to adults, 
the vast majority of children and adolescents with 
SARS-CoV-2 infection have mild Covid-19 that does 
not lead to severe illness or hospitalisation (18). In 
April 2020, the first cases of an emergent life-threat-
ening hyperinflammatory syndrome were reported in 
children and adolescents (19). Multisystem inflamma-
tory syndrome in children (MIS-C) is a severe postin-
fectious hyperinflammatory syndrome which involves 
damage to multiple organ systems, predominantly 
affecting the gastrointestinal, cardiovascular, haema-
tologic, mucocutaneous and respiratory systems, and 
occurs on average 25 days after COVID-19 symptoms 
(20,21). MIS-C resembles Kawasaki disease, but, 
unlike it, affects predominantly adolescents and chil-
dren older than 5 years of age (20). 

Despite the recent surge in publications related to 
the prevalence and prognostic impact of hyponatrae-
mia in COVID-19 patients (22-25), there have been 
sparse reports of this issue in children and adolescents. 
This is the first review to summarise the literature 
with regards to the prevalence, aetiology, and prog-
nostic value of hyponatraemia in children and adoles-
cents with COVID-19, supplemented by an overview 
of the potential pathophysiological mechanisms of 
hyponatraemia as well as the optimal diagnostic and 
therapeutic approach.

Methods

We undertook a search via PubMed and the 
Cochrane Library until 26th September 2021 of all 
studies which included the key words ‘’COVID-19’’, 

‘’SARS-CoV-2’’, ‘’hyponatraemia’’, ‘’sodium’’, ‘’syndrome  
of inappropriate antidiuretic hormone secretion 
(SIADH)’’, ‘’children’’, ‘’adolescents’’, and ‘’paediatric’’. 
In view of the paucity of data about hyponatraemia in 
paediatric populations with COVID-19 (i), this review 
encompasses three relevants topics; hyponatraemia in 
children with pneumonia in general (ii), hyponatraemia 
in adults with COVID-19 (iii), and hyponatraemia in 
children with MIS-C in relation to COVID-19 (iv).

Results

A. Prevalence and prognostic impact of hyponatraemia

(i) Hyponatraemia in children with COVID-19

A review of demographic, clinical, laboratory, 
and imaging features in 2,597 paediatric patients 
with COVID-19 did not include any data about 
serum sodium levels (26). This review reported the 
most common abnormalities in laboratory param-
eters in order of frequency; increase in blood lev-
els of creatine kinase-myocardial band (CK-MB), 
lactate dehydrogenase (LDH), C-Reactive Protein 
(CRP), aspartate aminotransferase (AST), D-dimer, 
alanine transaminase (ALT), and leucocytes (26). 
First reports of laboratory features in children with 
COVID-19 had already demonstrated a different 
laboratory profile compared to adult cases (27). A 
pooled analysis and review of laboratory abnormali-
ties in 624 children with COVID-19 documented 
a decreased neutrophil count as the most common 
finding, followed by elevation in levels of CK-MB, 
LDH, procalcitonin (PCT), and CRP (28).  However, 
the pattern of derangement in white cell count indi-
ces in children with COVID-19 was inconsistent, 
differing from well-described changes reported in 
adults, such as lymphopenia (28). Interestingly, these 
reviews did not include serum sodium data in the 
analysis (27,28). In total, data on laboratory features 
of paediatric cases with COVID-19 is lacking, with 
the majority of laboratory data originating from case 
reports and case series. Therefore, the frequency of 
hyponatraemia as well as its potential prognostic role 
are not known yet.



Acta Biomed 2021; Vol. 92, N. 5: e2021474 3

(ii) Hyponatraemia in children with pneumonia

Since the early 1990s, it has become evident that 
hyponatraemia, not only is common in children with 
pneumonia, but is also associated with adverse out-
comes (8, 29). An observational study of 264 hospi-
talised children with pneumonia showed that children 
with hyponatraemia required 60% longer hospital stay 
and had a 3-fold increase in mortality rate compared 
to those with normonatraemia (29). Amongst chil-
dren with pneumonia, those with low serum sodium 
concentration have longer duration of hospitalisation 
(8,30). Several studies have documented a high fre-
quency of hyponatraemia (33-45%) and a strong rela-
tion to markers of disease severity, with hyponatraemic 
patients having higher body temperature, white cell 
count, CRP, and serum procalcitonin than normo-
natraemic ones (9,10, 31,32). With regards to the 
pathophysiology of hyponatraemia in children with 
pneumonia, most studies have attributed the major-
ity of cases with hyponatraemia to the syndrome of 

inappropriate antidiuretic hormone (SIADH) and the 
remaining minority to hypovolaemic hyponatraemia 
(8,29,32). However, a recent prospective study chal-
lenged these findings, stating that a significant propor-
tion of cases have instead either pseudohyponatraemia 
with normal serum osmolality owing to hyperglycae-
mia / hyperproteinaemia or hypovolaemic hyponatrae-
mia due to non-renal sodium losses (9). In total, the 
combination of high prevalence and prognostic impact 
of hyponatraemia has highlighted the importance of 
establishing the cause of hyponatraemia through his-
tory, physical assessment of volume status and labo-
ratory work-up, guiding the choice of appropriate 
treatment and fluid administration (8, 9, 29,32). 

(iii) Hyponatraemia in adults with COVID-19

The emerging data from twelve observational 
studies (22, 24,25,33-41), confirm that hyponatraemia 
is frequently observed in patients with COVID-19 
(Table 1). 

Table 1. Prevalence of hyponatraemia on admission and association with mortality in adults hospitalised with COVID-19

Study
N

(COVID-19 patients)

Hyponatraemia Na 
<135 mmol/l
on admission

Na <130 mmol/l
on admission

Mortality
(versus normal sodium)

Frontera et al. (24) 4,645 30% 7.3% 26.6% vs 13.2%
P < 0.001
OR 1.43
95% CI: 1.08-1.88
P = 0.012

Hu et al. (33) 1,254 9.9% NR 16.1% vs 6.3% 
P < 0.001

Tezcan et al. (34) 408 35.8% NR OR 10.33
95% CI: 1.62-65.62
P = 0.01

HOPE-COVID-19 (25) 4,664 20.5% 3.8% OR 1.73
95% CI: 1.28-2.34
P < 0.001

Atila et al. (35) 172 29.1% NR HR: 1.40
95%CI:1.10-16.62
P = 0.05

Tzoulis et al. (22) 488 24.6% 6.2% OR:  2.59
95% CI 1.44-4.81
P = 0.002
For hypovolaemic 
hyponatraemia only

Table 1 (Continued)
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Recent literature has led the European Society of 
Endocrinology to publish in Autumn 2021 an update 
of its previously published guidelines, stating that 
hyponatraemia in COVID-19 patients is common, 
similarly with other pneumonia cases (42). All these 
studies together have examined a population in excess 
of 20,000 COVID-19 patients who required hospital 
admission. It is worth emphasising that these studies 
have included only adults, excluding patients younger 
than 17 years old. Based on serum sodium concentra-
tion at hospital admission of adults with COVID-19, 
the prevalence of hyponatraemia (serum sodium < 
135 mmol/l) has been reported in the vast majority 
of studies between 20% and 36%, with an estimated 
3-9% frequency for moderate to severe hyponatraemia 
(serum sodium < 130 mmol/l) (23). The most com-
monly reported risk factors for the development of 
hyponatraemia in this context have been older age, 
lower body mass index, larger number of co-morbid-
ities, more severe radiological lung findings (such as 
bilateral radiological abnormalities), and higher lev-
els of neutrophils and CRP (24,25,33). With respect 
to the type of hyponatraemia, limited evidence sug-
gests that SIADH and hypovolaemic hyponatraemia 
are the commonest causes, with similar frequency, in 
COVID-19 (22,24).

Recent literature shows a strong association of 
hyponatraemia with poor clinical outcomes in adult 
COVID-19 patients (23,42,43). Numerous stud-
ies have identified hyponatraemia on admission as an 

independent risk factor for mortality, with odds ratios of 
1.40 – 2.70 (24,25,35,36,39). In addition, hyponatrae-
mia is associated with a greater need for invasive 
mechanical ventilation (IMV) with an odds ratio from 
1.83 to 3.30 (24,34,35) and higher ICU admission 
rates (odds ratio 2.80 – 3.73) (34,35). Finally, most 
studies have reported that COVID-19 patients with 
low serum sodium have longer duration of hospital stay 
than those with normal sodium (33,34,36).

This evidence does not infer causal relationship, 
but it suggests that hyponatraemia should be con-
sidered as an early prognostic marker in adults with 
COVID-19. It is still unclear whether the relation-
ship of hyponatraemia and clinical outcomes is causal 
or simply indicative of low sodium being a surrogate 
marker for disease severity (42). Therefore, the role of 
serum sodium value may be that of timely identify-
ing those patients at high risk of progression to severe 
disease in order to intensify monitoring and consider 
additional therapeutic manouervres (39).

(iv) Hyponatraemia in MIS-C related to COVID-19

A systematic review, including a total of 599 
patients with MIS-C, noted hyponatraemia amongst 
the most prevalent laboratory findings, such as high 
levels of Erythrocyte Sedimentation Rate (ESR), CRP 
and ferritin and decrease in leucocytes, l ymphocytes and 
albumin concentration (44). An observational study 
of critically ill children with MIS-C and myocarditis 

Study
N

(COVID-19 patients)

Hyponatraemia Na 
<135 mmol/l
on admission

Na <130 mmol/l
on admission

Mortality
(versus normal sodium)

Hirsch et al. (36) 9,946 44.6% 9.1% OR: 2.06  
95% CI 1.57-2.70
for Na < 130 

De Carvalho et al. (37) 296 31.1% 3.0% 18% vs 9%
P = 0.042

Sjostrom et al38 406 57.0% NR Not examined

Berni et al. (39) 380 22.9% NR HR: 2.70
95% CI:1.13-6.45
P = 0.025

Voets et al40 193 34.0% NR Not examined

Martino et al. (41) 117 26.5% NR Not examined

Legend = NR: not reported.
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reported a median serum sodium of 131 mmol/l (rang-
ing from 122 to 139 mmol/l), with 16 out of 20 children 
(80%) having hyponatraemia (45). Another observa-
tional study of 21 children with a Kawasaki-like multi-
system inflammatory syndrome temporally associated 
with SARS-CoV-2 infection reported median serum 
sodium levels of 130 mmol/l (range 116-135 mmol/l), 
with 95% of cases having hyponatraemia, across sig-
nificantly elevated inflammatory markers and interleu-
kin-6 (IL-6) levels (46). A case series of 52 children 
with MIS-C associated with COVID-19 reported 
that 59.6% of cases had hyponatraemia on admis-
sion with median serum sodium 134 mmol/l, while 
all patients had at some stage during hospitalisation 
serum sodium below 135 mmol/l (47). A recent obser-
vational study was undertaken in order to identify the 
differences between active COVID-19 pneumonia and 
MIS-C in the paediatric population and help clini-
cians distinguish these two clinical entities48. Patients 
with MIS-C were noted to have significantly lower 
sodium values on admission [median value (IQR) 133 
(131.7-134.2) mmol/l] than patients with COVID-19 
[median value (IQR) 139 (136.7-141.2) mmol/l] (48). 
This study reported hyponatraemia in the vast majority 
of patients with MIS-C. In line with this difference, 
inflammatory markers on admission, such as CRP, 
ESR, and procalcitonin, were significantly higher in 
MIS-C compared to COVID-19 pneumonia (48). In 
summary, hyponatraemia is a very common finding, 
affecting the majority of patients with MIS-C.

B. Pathophysiology of hyponatraemia

In general, hyponatraemia in children can be clas-
sified based on extracellular volume status into euvolae-
mic, hypovolaemic, and hypervolaemic hyponatraemia 
(49). Sparse data exist on the aetiology of hyponatrae-
mia in children with COVID-19. However, it is specu-
lated that hyponatraemia in children with COVID-19 
shares similar pathophysiological mechanisms with  
children who have other respiratory tract infections.

Euvolaemic hyponatraemia in children with 
COVID-19 is primarily caused by SIADH via four 
potential mechanisms. Firstly, increased levels of 
cytokines, such as IL-6, can directly stimulate non-
osmotic release of arginine vasopressin (AVP), as it 

has been observed in a variety of infectious diseases 
and other inflammatory conditions (50). Exces-
sive release of AVP as a direct result of significantly 
elevated inflammatory cytokines is the predominant 
mechanism, explaining hyponatraemia in patients 
with MIS-C (51). Secondly, the injury to lung tissue 
and alveolar cells can result in a ventilation-perfusion 
mismatch and compensatory hypoxic pulmonary vaso-
constriction. Subsequently, this leads to inadequate 
filling of the left atrium, decreased left atrial stretch 
and increased AVP secretion (52). Third, patients with 
COVID-19 pneumonia can have various stimuli, such 
as pain, nausea and medications, all stimulating the 
direct release of AVP. Fourth, patients receiving PPV 
(positive pressure ventilation) can have non-osmotic 
stimulation of AVP secretion, as pulmonary baro-
receptors respond to a reduction in effective arterial 
blood volume (52). A rare, but important, cause of 
euvolaemic hyponatraemia which should not go undi-
agnosed is tertiary adrenocortical insufficiency due to 
impaired hypothalamus-pituitary-adrenal axis in the 
context of chronic exposure to exogenous glucocorti-
coids (53). Long-term use of glucocorticoids in chil-
dren applies to a broad range of conditions, including 
respiratory, gastrointestinal, rheumatological and skin 
diseases. Under normal circumstances, patients with 
COVID-19 exhibit a marked cortisol stress response, 
significantly higher compared to other patients with 
sepsis (54). As a result, mere doubling of glucocorti-
coid doses according to the standard ‘’sick day rules’’ 
may be insufficient and leave those children on long-
term glucocorticoids with prolonged periods of hypoc-
ortisolaemia (55),  resulting in biochemical and clinical 
picture similar to that of SIADH (56). Finally, another 
rare aetiology of euvolaemic hyponatraemia is psycho-
genic polydipsia in children and adolescents with pre-
existing psychiatric disease (49).

Hypovolaemic hyponatraemia is characterised by 
depletion of circulating volume triggering barorecep-
tor-mediated non-osmotic AVP release (57). Hypo-
volaemic hyponatraemia in the context of COVID-19 
illness in children is most commonly attributed to gas-
trointestinal sodium losses, as a consequence of vomit-
ing and diarrhoea, in combination with poor oral intake 
(49). Sodium losses may also be explained by a signifi-
cant increase in insensible fluid losses due to pyrexia 
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and tachypnoea or, less often, by renal losses due to 
renal salt wasting syndrome or diuretic use (24,49). In 
the paediatric populations with COVID-19, hyper-
volaemic hyponatraemia should be regarded as a rare 
occurrence, except for children with coexisting condi-
tions such as nephrotic syndrome, cirrhosis or heart 
failure (49).

Finally, iatrogenic hyponatraemia, a common 
problem in hospitalised children, is closely linked to the 
administration of hypotonic intravenous fluids (IVFs) 
(58). In contrast to the common use of isotonic IVFs 
in hospitalised adults, the administration of hypo-
tonic IVFs has been the standard of care in paediatrics 
since the 1950s, often resulting in hospital-acquired 
hyponatraemia (2). Several studies have found that 
the administration of hypotonic maintenance fluids to 
children compared to isotonic fluids is associated with 
a significantly greater risk of developing hyponatrae-
mia (2, 58,59). The American Academy of Paediatrics 
highlighted in a recent clinical practice guideline the 
link between administration of hypotonic fluids and 
hospital-acquired hyponatraemia in patients younger 
than 18 years who are hospitalised in medical or surgi-
cal acute care settings (58). Children and adolescents 
with COVID-19 should be considered at high risk 
of developing hospital-acquired hyponatraemia due 
to a high chance of developing excess AVP secretion, 
impairing free renal water excretion, which combined 
with supply of free water in the form of hypotonic flu-
ids can lead to euvolaemic hyponatraemia (58,60).

C. Hyponatraemia and inflammation

The main underlying mechanism involved in 
the development of hyponatraemia associated with 
inflammatory conditions is that pro-inflammatory 
cytokines, such as interleukin-1β (IL-1β) and IL-6, 
induce non-osmotic release of AVP (50,61). Vari-
ous studies have found an inverse linear relationship 
between IL-6 levels and sodium concentration (62). 
Therefore, hyponatraemia tends to reflect the sever-
ity of various infections, including pneumonia, tuber-
culosis, meningitis, encephalitis, HIV infection and 
malaria (63). In the setting of COVID-19, three stud-
ies have evaluated the relationship of serum sodium 

concentration with IL-6 levels in adult inpatients 
(24,39,64). Firstly, a retrospective study of 29 adult 
COVID-19 patients showed that those with levels of 
IL-6 above the upper normal limit of 10 pg/ml had 
a significantly lower median serum sodium of 133.1 
mmol/l versus 139.6 mmol/l in subjects with normal 
IL-6 levels (64). In addition, administration of toci-
lizumab, an IL-6 antagonist, to a small subgroup of 
hyponatraemic patients with abnormal IL-6 levels 
led to a significant 48-hour increase in serum sodium 
from a baseline of 132.4 mmol/l to 139.6 mmol/l, 
whereas sodium concentrations did not show a signifi-
cant change in patients not treated with tocilizumab 
(64). A second, much larger, study of the association of 
IL-6 and sodium levels in 1,179 COVID-19 patients 
showed a significant inverse relationship between IL-6 
and sodium levels, with median IL-6 levels being 
progressively higher as the severity of hyponatraemia 
worsened (24). The majority of patients (82%) with 
moderate to severe hyponatraemia (serum sodium 
<130 mmol/l) had abnormally elevated IL-6 levels, 
with median IL-6 levels of 21 pg/ml versus 14 pg/ml 
in normonatraemic patients (24). The third study of 
441 COVID-19 patients confirmed the inverse cor-
relation of serum sodium with IL-6 levels and reported 
that median IL-6 levels in patients with hyponatrae-
mia were 20.5 pg/ml compared to 9.5 pg/ml in those 
with normal sodium (39). In addition, there was a 
direct correlation between serum sodium and the ratio 
of partial pressure of oxygen in arterial blood (PaO2) 
to the inspired oxygen fraction (FiO2), well known as 
P/F ratio, with patients with low sodium having lower 
P/F ratio than normonatraemic ones (39). All three 
studies have confirmed the inverse association of IL-6 
with sodium levels, providing evidence in favour of 
using hyponatremia as a surrogate marker for the mag-
nitude of inflammatory response in COVID-19 adult 
inpatients. These findings have not been confirmed yet 
in paediatric populations with COVID-19 since no 
studies have explored the relationship between serum 
sodium and IL-6 levels in children.

A proportion of adults with COVID-19 develop 
a cytokine release syndrome (CRS), also called the 
cytokine storm, which represents a hyperactive 
immune response state and is associated with adverse 
clinical outcomes (65-67). Cytokine storm is caused 
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by elevated levels of IL-6 and other proinflammatory 
cytokines (IL-1β, IL-10, interferon γ) in the circula-
tion and leads to secondary organ dysfunction due to 
inflammation beyond that which could be attributed to 
an appropriate response to a pathogen (65,68). Since 
this hyperinflammatory state can be the major driver 
for morbidity and mortality, it has been argued that 
blunting the immune response through IL-6 receptor 
blockade may improve clinical outcomes (69). There-
fore, tocilizumab, a recombinant humanised mono-
clonal antibody that binds human IL-6 receptors, has 
been evaluated in several studies with critically ill adult 
COVID-19 patients which overall show better out-
comes and lower mortality rates (70-72). Despite the 
limited information about the benefits and risks of toci-
lizumab use in children with COVID-19, the US Food 
and Drug Administration (FDA) issued an Emergency 
Use Authorisation of tocilizumab for the treatment of 
COVID-19 in hospitalised children older than 2 years 
of age who require respiratory support and receive sys-
tematic glucocorticoids. It remains to be seen whether 
sodium measurement should be incorporated in disease 
severity grading systems in adults with COVID-19 in 
order to facilitate early identification of patients at 
high risk of cytokine storm and prompt use of immu-
nomodulatory therapies (73). A similar question arises 
as to whether serum sodium could be utilised in routine 
clinical care in order to identify children who would 
benefit from intensive monitoring and consideration of 
immunomodulatory therapeutic agents.

D. Investigation of hyponatraemia

The diagnostic approach to a child with COVID-19 
and hyponatraemia should follow a similar algorithm 
with that in the general paediatric patients (Figure 1), 
necessitating identification of the underlying cause of 
hyponatraemia in order to guide appropriate treatment 
(56,57). Since the aetiology of hyponatraemia is expected 
to be in the majority of children with COVID-19 either 
SIADH or hypovolaemic hyponatraemia (22,24), the 
first key step is to distinguish euvolaemic from hypo-
volaemia (74). A detailed personal history from the 
child and its carers, including information about fluid 
balance, weight changes and composition of ingested 
fluids, along with physical examination, are the first key 

HYPONATRAEMIA

IN CASE OF SEVERE SYMPTOMS,
URGENT USE OF HYPERTONIC SALINE 3% 
(BOLUS OR/AND CONTINUOUS INFUSION)

A. HISTORY & CLINICAL ASSESSMENT OF VOLUME STATUS
B. BLOOD TESTS: SODIUM, OSMOLALITY, UREA, CREATININE, 
 POTASSIUM, GLUCOSE
C. URINE TESTS: SODIUM, OSMOLALITY
D. IN SELECTED CASES: CORTISOL, TSH

DIFFERENTIAL DIAGNOSIS BETWEEN 
HYPOVOLAEMIA AND SIADH

HYPOVOLAEMIC 
HYPONATRAEMIA SIADH

CAUTIOUS INFUSION OF 
ISOTONIC SALINE 0.9%

FLUID RESTRICTION ± FUROSEMIDE

Figure 1. Algorithm for investigation and management of 
hyponatraemia in children and adolescents with COVID-19.

steps (74). Clinical evaluation of volume status is imper-
ative since children with hypovolaemia may have signs, 
such as orthostatic changes in blood pressure and heart 
rate, dry mucous membranes, and poor skin turgor (74). 
Bearing in mind the low accuracy of clinical evaluation, 
even by experienced clinicians, for predicting the state 
of extracellular fluid volume (75,76), laboratory evalu-
ation is of paramount importance. Complete work-up 
should include measurement of paired serum and urine 
osmolality and sodium as well as serum glucose, urea, 
creatinine, potassium( 56,57,74,77). Urine dipstick is a 
very quick, fast and cheap bedside test which provides 
an instant measure of specific gravity. There is a close 
direct relationship of urine specific gravity with urine 
osmolality, with a specific gravity of 1.008 being related 
to osmolality of 280 mOsm/kg (78). Since hypergly-
caemia is frequently reported in COVID-19 patients 
(79) and in order to exclude hyperglycaemia-related 
translocational hyponatraemia, it is essential to correct 
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sodium concentration by an increase of 2.4 mmol/l per 
100 mg/dl (5.5 mmol/l) increase in glucose concentra-
tion above 126 mg/dl (7.0 mmol/l) (80). In selected 
cases and if there is a suspicion of adrenal insufficiency 
or severe myxoedema, serum cortisol and thyroid stimu-
lating hormone (TSH) should be measured respectively. 

E. Treatment of hyponatraemia

The key step is to establish the presence or not of 
severe symptoms, such as seizures, reduced conscious-
ness level, or apnoea. The contemporary guidelines 
advocate for the management of adult patients with 
severe hyponatraemic encephalopathy the use of intra-
venous boluses of hypertonic saline rather than tradi-
tional continuous infusion to achieve faster elevation of 
serum sodium and symptom relief (56,57). Paediatric 
guidelines have followed a similar approach for chil-
dren with severe symptoms of hyponatraemic enceph-
alopathy. In order to avoid brain herniation, future 
deterioration and, even, death, urgent administration 
of hypertonic saline 3.0% as an intravenous bolus of 
2-5 ml/kg of child’s body weight over 15-20 minutes 
is warranted (74). This strategy has been shown in gen-
eral paediatric populations to be effective, safe and does 
not require central venous access catheter (81). The 
initial correction target is a sodium rise of 5 mmol/l 
and the bolus can be repeated, if needed, to achieve 
this target which is sufficient to reverse clinical signs of 
herniation and reduces intracranial pressure by nearly 
50% within an hour (82,83). This approach can be life-
saving and is also expected to apply to children with 
COVID-19 and severely symptomatic hyponatraemia, 
in line with general paediatric literature.

In the absence of severe symptoms, the under-
lying cause of hyponatraemia should be sought and 
treated (74). In the common scenario of hypovolae-
mic hyponatraemia, treatment consists of intravenous 
administration of isotonic fluids. In view of concerns 
about frequent cardiac involvement and subsequent 
risk of pulmonary oedema in adult with COVID-19, 
clinicians have been urged to exercise caution in the 
speed / volume of fluid administration (84). A question 
arises as to whether the risk of fluid-related pulmonary 
oedema applies to children with COVID-19. Children 
with SIADH and without severe symptoms should 

primarily be treated with restriction of fluid intake. 
In some cases, fluid restriction can be supplemented 
by furosemide, promoting water diuresis (74). Phar-
macological agents, such as vaptans, which promote 
aquaresis through antagonism of the action of arginine 
vasopressin (56,77,85), or urea, which increases solute-
free water excretion through increase of the osmotic 
load (57,85), have not been widely studied and used in 
children. Therefore, routine use of these agents is dis-
couraged, except for refractory cases under the care of 
an expert in electrolyte disorders and rigorous moni-
toring. In total and regardless of therapeutic approach, 
clinicians should closely monitor electrolytes, daily 
fluid input and output, and maintain weight chart.

Besides appropriate treatment of hyponatrae-
mia, prevention can be equally important. Following a 
plethora of reports on the relationship between hypo-
tonic fluids and hospital-acquired hyponatraemia as 
well as the deleterious effect of hyponatraemia in the 
acutely ill children, a significant debate emerged in the 
1990s about the optimal type of maintenance IVFs to 
children. Since then, numerous studies have demon-
strated that isotonic fluids are superior to hypotonic 
fluids in preventing hyponatraemia (58). Therefore, the 
American Academy of Paediatrics recommends that 
patients younger than 18 years of age should receive 
isotonic maintenance fluids because they significantly 
decrease the risk of developing hospital-acquired 
hyponatraemia (58).

F. Future studies

First of all, studies are urgently needed in children 
and adolescents with COVID-19 in order to evaluate 
the prevalence of electrolyte abnormalities and the fre-
quency of different types of hyponatraemia. The high 
frequency of hyponatraemia in children with pneu-
monia as well as in adults with COVID-19 raises the 
question as to whether sodium abnormalities are simi-
larly common in paediatric patients with COVID-19. 
Second, studies are warranted to explore further the 
pathophysiological basis of hyponatraemia in paediat-
ric patients with COVID-19 and a potential link to 
the magnitude of inflammatory response. Third, there 
is an urgent need to develop more sophisticated risk 
stratification calculators, incorporating demographic, 
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clinical, radiologic, and laboratory parameters. It 
remains to be seen whether serum sodium could be 
another independent prognostic tool for continuous 
risk estimate of disease progression and outcomes, not 
only at the baseline but also during the disease course. 
Finally, in the era of personalised medicine, studies 
should examine the potential role of serum sodium as 
a selection criterion for prompt initiation of immu-
nomodulatory therapy, such as tocilizumab, to the 
appropriate subgroup of patients. 

Conclusions

In conclusion, hyponatraemia is highly preva-
lent on hospital admission of adults with COVID-19 
as well as in children with pneumonia. In addition, 
hyponatraemia is an independent poor prognostic 
marker in adults with COVID-19 as well as in all 
patients, regardless of age, with pneumonia. Several 
studies have demonstrated that low serum sodium 
is very frequently observed in COVID-19-related 
MIS-C. However, there is paucity of data about the 
frequency and prognostic value of hyponatraemia in 
children with COVID-19, highlighting the urgent 
need to undertake relevant studies in paediatric popu-
lations with COVID-19. Taking into account the close 
relationship of sodium with interleukin-6 and the 
fact that SIADH is the leading cause of hyponatrae-
mia in adults with COVID-19, it could be speculated 
that serum sodium might also be used for the prompt 
identification of adults at risk of cytokine storm who 
may benefit from therapeutic agents, such as IL-6 
antagonists. Apparently, the same findings cannot be 
extrapolated to the paediatric population, necessitating 
evaluation of the role of sodium as a risk stratification 
toll and inflammatory marker in children and adoles-
cents with COVID-19. In the interim, hyponatraemia 
should be investigated and treated in children with 
COVID-19, following the principles in general pae-
diatric patients.
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