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Abstract
Background  Hyponatremia is a common electrolyte disturbance in critically ill children that has been associated 
with increased morbidity and mortality. This retrospective, single-center study investigates the prevalence and clinical 
relevance of hyponatremia at the time of pediatric intensive care unit (PICU) admission, with a particular focus on its 
association with inflammatory markers and seizures.

Methods  We conducted a retrospective observational cohort study of pediatric patients beyond the neonatal 
period who were admitted with hyponatremia (serum sodium ≤ 135 mmol/L) to a German tertiary mixed pediatric 
and neonatal ICU between January 2015 and October 2024. Among 5,595 admissions screened, 2,906 non-neonatal 
patients were eligible; 113 presented with hyponatremia upon admission. After excluding cases with type 1 diabetes, 
chronic diuretic therapy, or hospital-acquired hyponatremia (HAH), 64 patients remained for analysis. Clinical 
characteristics, inflammatory markers (CRP, IL-6, PCT), and neurological events were evaluated.

Results  Among the 64 included children (median serum sodium 129.5 mmol/L), infections were the leading cause 
of admission. Hyponatremia frequently preceded the rise of inflammatory markers and showed no significant 
association with CRP, IL-6, or PCT. However, IL-6 and PCT were not routinely measured, limiting interpretability. 
Length of stay primarily reflected underlying disease severity and showed no correlation with sodium levels. Seizures 
occurred in 16.4% of patients, although a direct causal link to hyponatremia could not be confirmed. COVID-19–
associated hyponatremia was identified in 11 cases, including presentations with pediatric inflammatory multisystem 
syndrome (PIMS) and encephalopathy.

Conclusion  Hyponatremia at PICU admission appears to represent an early indicator of disease burden that 
is not consistently reflected by conventional inflammatory biomarkers. Its frequent occurrence in infectious 
and neurological conditions underscores the importance of early recognition and structured interdisciplinary 
communication across emergency, pediatric, and critical care teams. Prospective studies are needed to validate these 
findings and delineate disease-specific mechanisms.
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Introduction
Hyponatremia as a marker of clinical severity in pediatric 
critical illness
Hyponatremia, defined as a serum sodium (SNa) concen-
tration below 135 mmol/L, is among the most common 
electrolyte disorders in clinical practice and occurs with 
particularly high frequency in critically ill children [1]. 
Reported prevalence among pediatric intensive care unit 
(PICU) admissions varies widely across studies, ranging 
from approximately 15% to over 60% [1]. Hyponatre-
mia has been consistently linked to adverse outcomes, 
including increased morbidity and mortality, with hypo-
natremic encephalopathy representing a major concern, 
particularly when SNa falls below 125 mmol/L [2]. In a 
Finnish cohort, the risk of neurological symptoms (OR: 
1.8; p = 0.02) and death during hospitalisation (OR: 33; 
p = 0.001) of acutely ill children was markedly elevated 
among those with SNa < 130 mmol/L [3]. Hyponatre-
mia is associated with neurological complications such 
as seizures, cerebral edema, and altered mental status [2, 
4], as well as longer hospital stays and a higher likelihood 
of intensive care admission [1, 5]. Early recognition and 
management can reduce morbidity and shorten hospital-
ization. Nevertheless, hyponatremia remains frequently 
underrecognized as an early warning marker [2, 4], in 
part because it is unclear whether it directly contributes 
to excess mortality or merely reflects the severity of an 
underlying life-threatening condition [6].

Determinants of hyponatremia in pediatric critical illness
The causes of hyponatremia in critically ill children 
are multifactorial, encompassing renal and extrarenal 
sodium losses, shifts in total body water, and free water 
retention mediated by arginine vasopressin (AVP) [7, 8]. 
These fluctuations are amplified in children due to their 
relatively high total body water, which predisposes them 
to rapid volume changes [7]. Non-osmotic AVP release - 
triggered by hypovolemia, pain, stress, or hypoxia - has 
long been recognized as a dominant mechanism of hypo-
natremia in pediatric illness. Inflammatory cytokines can 
also stimulate AVP secretion [9, 10], promoting dilutional 
hyponatremia even in the absence of osmotic or hemody-
namic triggers [4, 11].

Hyponatremia has been documented across a range of 
pediatric inflammatory and infectious conditions [12], 
including bronchiolitis [5, 13–15], Kawasaki disease [10, 
16, 17], multisystem inflammatory syndrome in chil-
dren (MIS-C) or pediatric inflammatory multisystem 
syndrome (PIMS), COVID-19 infection [18–22], menin-
goencephalitis [23, 24] and human immunodeficiency 
virus (HIV-1) infection [25]. These associations suggest 
a broader interplay between inflammation, infection, and 
fluid regulation. Surgical pathologies, such as perforated 
appendicitis [26], can contribute through third spacing, 

systemic inflammation, and perioperative fluid shifts. 
Non-infectious neurologic and traumatic conditions, 
including head trauma [27], also predispose to hypona-
tremia, partly via stress-induced AVP release and altered 
intracranial dynamics.

Collectively, these mechanisms indicate that hypo-
natremia in pediatric critical illness often represents a 
marker of inflammatory and neurohormonal stress rather 
than a primary electrolyte imbalance.

Hospital-Acquired Hyponatremia (HAH)
Hospital-acquired hyponatremia (HAH) remains a signif-
icant concern in pediatric care. Historically, the admin-
istration of hypotonic maintenance intravenous fluids 
amplified the effects of AVP-mediated water retention, 
contributing to neurological complications such as cere-
bral edema and seizures [2, 28–32]. These risks prompted 
the American Academy of Pediatrics (AAP) in 2018 to 
recommend isotonic maintenance fluids for hospitalized 
children aged 28 days to 18 years [33]. Children are par-
ticularly susceptible to symptomatic hyponatremia and 
cerebral edema due to their larger brain-to-skull ratio, 
especially under six years of age, when brain size nears 
adult proportions before skull growth is complete [4]. 
Even modest SNa declines can therefore be clinically sig-
nificant. While HAH is an important source of morbidity, 
this analysis focuses exclusively on hyponatremia pres-
ent at PICU admission, prior to the influence of hospital-
based interventions.

Study rationale and objectives
Hyponatremia at PICU admission, prior to exposure 
to fluid therapy, diuretics, or prolonged intensive care, 
may serve as a practical early marker of disease severity. 
Severe hyponatremia at presentation has been associated 
with longer PICU stays and a trend toward increased 
mortality [1, 34]. This study, conducted at a German ter-
tiary care PICU between January 2015 and October 2024, 
examines whether admission sodium levels correlate with 
outcomes such as PICU length of stay and seizure inci-
dence, and whether these associations are independent of 
inflammatory biomarkers including CRP, IL-6, and PCT. 
By focusing on hyponatremia present at admission, this 
study aims to clarify whether low sodium levels primarily 
reflect an inflammation-related neurohormonal response 
or function as an independent early indicator of physi-
ological stress [11, 35, 36], while minimizing confounding 
by hospital-acquired factors such as fluid management or 
extended intensive care treatment.

Methods
Cohort
The study was based on a retrospective analysis of patient 
records from 01/2015 to 10/2024 at the Department of 



Page 3 of 11Weber et al. BMC Pediatrics          (2026) 26:361 

Pediatrics and Adolescent Medicine, Faculty of Medicine, 
University Hospital Augsburg, Germany, that houses 
a tertiary intensive care unit for neonatal and pediat-
ric care as well as a tertiary interdisciplinary Pediatric 
Emergency Department (iPED). Inclusion criteria were: 
blood sodium levels ≤ 135mmol/L at the day of PICU 
admission, as indicated by International Classification 
of Diseases 10th Revision (ICD-10) code E87.1. Clinical 
data were obtained from the electronic patient manage-
ment system (ORBIS, Deadalus, Germany). We focused 
on pediatric patients beyond the neonatal period (> 
28 days of life) to avoid interference with translocation 
hyponatraemia, excluding preterm infants known for a 
prolonged period of high urinary losses of sodium and 
negative sodium balance [7, 37]. We further excluded 
patients with chronic diuretic therapy and those with 
type 1 diabetes mellitus, due to the frequent occur-
rence of complex electrolyte disturbances in this popu-
lation, as well as cases of HAH [7, 38]. Figure 1 shows 
the flow diagram regarding inclusion and exclusion cri-
teria of patients. 64 children were finally included in the 
study. We recorded the length of the PICU stay, dura-
tion of invasive ventilation if present, survival, infec-
tious parameters and body temperature. CRP (mg/dl, 
lower limit of detection [LLOD] 0.21 mg/dl), IL-6 (pg/
ml, upper limit of detection [ULOD] 50000 pg/ml), and 
PCT (ng/ml, ULOD 100 ng/ml) were measured in the 
hospital’s routine clinical laboratory. Inflammatory mark-
ers were evaluated exclusively at ICU admission to avoid 

potential confounding by hospital-acquired infections 
(HAI). For body temperature, the single measurement 
closest to ICU admission within a ± 12-hour window was 
recorded to ensure consistency with the assessment of 
inflammatory markers and to account for physiological 
fluctuations. As this was a retrospective analysis, the use 
of prehospital antipyretic medication could not be sys-
tematically assessed. Fever was defined as > 38.0 °C and 
hypothermia as < 36.0 °C.

Data analysis
Descriptive statistics, including mean, standard devia-
tion (SD), and median, were calculated to summarize the 
data. Due to the limited sample size (64 patients) and the 
heterogeneity in age and diagnoses, the study followed 
a primarily descriptive approach, restricting inferential 
analyses to exploratory correlations and group com-
parisons. For correlation analysis, only CRP and body 
temperature were included, as IL-6 and PCT data were 
incomplete for the majority of patients. Pearson corre-
lation coefficients were calculated to explore potential 
linear associations between sodium, CRP, and body tem-
perature, acknowledging that the study was not powered 
for hypothesis testing. A linear regression model was 
applied to assess whether CRP or temperature predicted 
sodium levels; this analysis was restricted to the sub-
set of patients (n = 61) with complete data for all three 
parameters. For group comparisons between patients 
with severe hyponatremia (< 125 mmol/L) and those 

Fig. 1  Study flow diagram showing inclusion and exclusion of patients. Legend: ICD = International Classification of Diseases 10th Revision, 
E87.1 = Hyponatremia
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with sodium ≥ 125 mmol/L, Welch’s t-test was used to 
compare CRP and temperature, given unequal variances 
between groups. A p-value < 0.05 was considered sta-
tistically significant. Data are presented as mean ± SEM 
unless stated otherwise. All analyses and data visualiza-
tion were conducted using GraphPad Prism version 10 
(GraphPad Software Inc., La Jolla, USA), with a p-value 
of ≤ 0.05 considered indicative of a statistically notable 
trend rather than a confirmatory result.

Results
Cohort characteristics
Out of 2,906 patients screened, 113 were identified with 
hyponatremia upon admission. Among them, 12.4% 
had type 1 diabetes mellitus, and 12.4% were receiving 
diuretic therapy at the time of PICU admission, leading 
to their exclusion from the analysis. Hospital-acquired 
hyponatremia (HAH) was observed in 18.6% of the cases. 
After applying the exclusion criteria, a total of 64 chil-
dren (26 females, 38 males) with hyponatremia at PICU 
admission were included in the study. The median SNa 
level was 129.5 mmol/L (range: 113–135 mmol/L). The 
median age was 6 years (range: 1–16 years), with 42.2% 
of patients being under the age of two. The majority of 
patients (71.9%, n = 45) were admitted directly to the 
PICU.

Distribution of diagnoses and inflammatory parameters
Figure 2; Table  1 illustrate the distribution of admis-
sion diagnoses, duration of PICU stay, and associated 

inflammatory markers. C-reactive protein (CRP) was 
available for all patients, while interleukin-6 (IL-6) and 
procalcitonin (PCT) were only determined in 45.3% 
and 37.5% of patients, respectively (Table  1). A total of 
71.9% of patients were diagnosed with infection-related 
conditions, including pneumonia (20.3%), COVID-19 
(17.2%), gastroenteritis (9.4%), pediatric surgical emer-
gencies (14.1%), meningoencephalitis (6.3%), and sep-
sis (4.7%). COVID-19-associated hyponatremia was 
observed between November 2020 and November 2023 
(n = 11), including seven PIMS cases and two encepha-
lopathy cases, one of which was fatal. Bronchiolitis did 
not appear as a separate category. Re-examination of 
all lower-airway infections in children ≤ 2 years identi-
fied four pneumonia cases (one Moraxella catarrhalis, 
three RSV), none of which met criteria for classic bron-
chiolitis. No cases of head trauma were identified. The 
diverse group comprised a heterogeneous set of non-
infectious conditions (e.g., adrenal crisis, diabetes insipi-
dus, VP-shunt dysfunction, hemolytic uremic syndrome, 
nephrotic syndrome, exocrine pancreatic insufficiency, 
feeding difficulties in infants with complex medical histo-
ries, recurrent sinus venous thrombosis, and syndromic 
terminal events) and a small number of miscellaneous 
infectious presentations (n = 4; e.g., pyelonephritis, phar-
yngitis, epidural abscess) that did not fit into the main 
diagnostic clusters. In the pediatric surgery subgroup, 
hyponatremia was most commonly associated with per-
forated appendicitis.

Fig. 2  Disease conditions and hyponatremia at PICU admission. Legend: GE = Gastroenteritis, Ped. = Pediatric, ME = Meningoencephalitis. 71.9% were 
conditions associated with infections
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Following the implementation of isotonic maintenance 
fluid recommendations in 2018 [33], we did not observe 
a major shift in the etiologic profile of hyponatremia at 
PICU admission. Before 2018, 19 hyponatremic admis-
sions were recorded over four years (4.75 cases per year), 
compared with 37 non–COVID-19 cases over five years 
(7.4 cases per year) thereafter. Apart from this moder-
ate increase in annual case numbers, the distribution of 
infection-related and neurological diagnoses remained 
largely unchanged. The only notable difference was a 
higher proportion of pediatric surgical cases in the later 
period (5% before 2018 vs. 21.6% after 2018).

Association with inflammatory markers and clinical 
outcomes
There was no significant correlation between sodium lev-
els and inflammatory markers including CRP (Fig.  3A; 
r= -0.14, p = 0.26), IL-6, or PCT (r = 0.13, p = 0.51 and r= 
-0.28, p = 0.18, respectively). Similarly, no association was 
found between hyponatremia and PICU length of stay 
(Fig. 3B; r = 0.19, p = 0.16) or duration of mechanical ven-
tilation (data not shown).

Among diagnostic groups, pneumonia cases exhibited 
the longest hospital stays (28.3 ± 16.8 days; median ven-
tilation duration 141 h), followed by COVID-19–associ-
ated cases (10.2 ± 4.3 days; median ventilation duration 
121 h). Respiratory support was required in 19 children 
overall, including 5 with COVID-19 and 9 with pneu-
monia. At PICU admission, invasive ventilatory sup-
port was documented in 2/5 COVID-19 cases and 4/9 
pneumonia cases. Serum sodium levels did not differ 
between children requiring invasive respiratory support 
at admission (n = 6; 126.6 ± 2.50 mmol/L) and those who 

required invasive ventilation later during their PICU 
stay (n = 3; 124.7 ± 2.60 mmol/L; p = 0.6). The pneumonia 
group included two children with pre-existing tracheos-
tomies and one patient transferred to an external ECMO 
center. During the PICU course, invasive ventilation was 
required in 4/5 children with COVID-19 and in 3/9 with 
pneumonia, while non-invasive modalities were used at 
some point in nearly all cases. Given the small sample 
sizes, these descriptive patterns should be interpreted 
cautiously.

We additionally evaluated whether fever at admission 
- used as an indicator of systemic inflammation - was 
associated with hyponatremia. Among 61 patients with 
available data, body temperature ranged from 31.7  °C 
to 40.7  °C (median: 38.3  °C). Most patients were febrile 
(n = 35; 38.1–40.7  °C, median: 39.0  °C), while six exhib-
ited significant hypothermia (31.7–35.9  °C, median: 
35.3  °C); only 32.8% were normothermic. Body temper-
ature showed a trend toward positive correlation with 
CRP (r = 0.25, p = 0.054), which could be consistent with 
systemic inflammatory activity. However, no significant 
associations were observed between SNa and CRP (r = 
-0.14, p > 0.1) or between sodium and body temperature 
(r = -0.08, p > 0.1). Linear regression analysis likewise 
indicated that neither CRP nor temperature predicted 
sodium levels (R² = 0.02 and 0.06, respectively). Compari-
son of patients with severe hyponatremia (< 125 mmol/L, 
n = 11) and those with sodium ≥ 125 mmol/L (n = 53) 
revealed no significant differences in CRP (16.25 ± 5.0 
vs. 13.19 ± 1.61  mg/dL, p = 0.47) or body temperature 
(37.9 ± 0.23 vs. 38.1 ± 0.34 °C, p = 0.68). Figure 4 shows the 
patient distribution with regard to SNa, body tempera-
ture and seizure events.

 

Table 1  Descriptive data analysis. Various primary diagnoses were associated with hyponatremia at PICU admission. The table further 
shows the duration of PICU stay (days) and the inflammatory markers. Hyponatremia: mild = 131–135 mmol/L; moderate = 125–130 
mmol/L, and severe < 125 mmol/L. GE, gastroenteritis; ME, meningoencephalitis
Median 
(min-max)

Pneumonia COVID-19 GE Pediatric Surgery ME Sepsis Diverse Cases

Sodium 
(mmol/L)

130 
(113–135, n = 13)

130 
(122–132, n = 11)

129.5 
(124–134, n = 6)

129 
(118–133, n = 9)

129 
(128–130, n = 4)

131 
(130–135, n = 3)

129 
(112–135, n = 18)

Mild (n = 20) 4 4 2 3 0 2 5

Moderate (n = 33) 6 6 3 4 4 1 9

Severe (n = 11) 3 1 1 2 0 0 4

PICU days 
> 24 h

10.0 
(2-162, n = 12)

3 
(1–24, n = 11)

1 
(1–5, n = 6)

4 
(1–65, n = 8)

4 
(1–12, n = 4)

8 
(2–9, n = 3)

4 
(1–33, n = 16)

CRP (mg/dl) 2.68 
(0.21–46.2, n = 13)

10.2
(0.21–39.6, n = 11)

6.44 
(0.21–25.3, n = 6)

18.79 
(0.38–35.41, n = 9)

25.6 
(6.0-33.53, n = 4)

10.02 
(7.12-29.0, n = 3)

0.52 
(0.21–23.2, n = 18)

IL-6 (pg/ml) 21.5 
(9.8–8760, n = 9)

1260 
(40.4-50000, n = 5)

9.0 
(7.5–10.5, n = 2)

48.7 
(9.59–151, n = 3)

6186
(4949–7423, n = 2)

2027 
(1564–2490, n = 2)

14.5 
(9.5–80.6, n = 6)

PCT (ng/ml) 5.45 
(0.16–100, n = 6)

31.0 
(9.4–100, n = 7)

3.7 
(n = 1)

9.7 
(0.54-12, n = 3)

38 
(n = 1)

70 
(20–100, n = 3)

0.39 
(0.37–100, n = 3)
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Fig. 3  Pearson correlation analysis. A CRP during the admission period (y-axis) vs. SNa levels at PICU admission (x-axis). Legend: LLOD = Lower Limit of 
Detection. B Number of ICU days (y-axis) vs. SNa levels at PICU admission (x-axis)
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Seizure events
Seizures requiring therapeutic intervention were docu-
mented in 17.2% of patients (11/64), with a mean age of 
4 years (range 1–14); notably, 8 of these 11 children were 
younger than two years. Two of the older children had 
underlying organic brain disorder (astrozytoma - age 9 
and spina bifida - age 14) and another suffered from one 
COVID-19-associated encephalopathy. All documented 
seizure events occurred prior to hospital admission, not 
on the PICU itself. The mean SNa concentration upon 
PICU admission among patients with seizures was 125.7 
mmol/L. Although seizure events were clinically frequent 
in our cohort, no statistically significant association with 
hyponatremia could be demonstrated. The cases were 
distributed across various diagnostic categories (Fig.  5). 
In total, three febrile seizures were observed - one asso-
ciated with gastroenteritis and two with upper airway 
infections. Only one patient had received anticonvulsant 
therapy prior to admission (astrocytoma).

Mortality
The overall PICU mortality rate in the cohort was 4.7% 
(3/64). The deaths resulted from pneumonia in a child 
with mucopolysaccharidosis type II (palliative care), and 
cerebral edema with seizures in a COVID-19 case with 
pneumonia. One infant was admitted after an external 
suspected life-threatening event (sudden infant death 
syndrome, SIDS) and deteriorated rapidly after PICU 
arrival, with the fatal outcome reflecting the severity of 
the underlying condition. In none of the cases was hypo-
natremia identified as a direct contributing factor.

Discussion
Overview of main findings
This retrospective, single-center study investigated hypo-
natremia at PICU admission over a ten-year period in 
a tertiary pediatric acute care center. Sixty-four chil-
dren with serum sodium < 135 mmol/L (median 129.5 
mmol/L) were included, most of whom (71.9%) were 
admitted with infection-related conditions such as pneu-
monia, COVID-19, gastroenteritis, meningitis, or sepsis. 
Hyponatremia did not correlate with inflammatory mark-
ers (CRP, IL-6, PCT), PICU length of stay, or duration 
of mechanical ventilation. Seizures occurred in 16.4% 
of patients (mean SNa 125.7 mmol/L) but were docu-
mented only prior to PICU admission. Overall mortality 
was 4.7%, with no death directly attributable to hypona-
tremia. Taken together, these results provide a coherent 
picture of hyponatremia as an early feature of disease 
burden rather than a marker of downstream inflamma-
tion. This supports the concept that hyponatremia may 
arise early in the course of critical illness and can precede 
conventional inflammatory responses.

Fig. 5  Patients with seizures in the context of accompanying hyponatre-
mia (AHN) (n = 11/64). One patient on anticonvulsive therapy for brain 
tumor and status epilepticus due to VP-shunt insufficiency (total n = 2). 
Two cases of COVID-19-associated encephalopathy (one fatal) and pneu-
mococcal encephalitis, each. Three cases of GE. Febrile seizures (n = 3): 1 
GE, 2 UAI. Legend: GE, gastroenteritis; UAI, febrile upper airway infection; 
ME, meningoencephalitis; flash icon symbolizing seizure (from: ​w​w​w​.​f​l​a​t​i​
c​o​n​.​c​o​m​/​a​u​t​h​o​r​s​/​a​m​b​a​r)

 

Fig. 4  Body temperature versus serum sodium (SNa) at PICU admission. 
The x-axis represents SNa (mmol/L), and the y-axis shows body tempera-
ture (°C) measured within 12 h of admission. This plot visualizes the rela-
tionship between temperature, sodium levels, and seizure occurrence in 
the cohort (n = 61/64 paired datasets). Horizontal lines denote fever (> 
38 °C, red) and hypothermia (< 36 °C, blue). A vertical dotted line marks 
the 125 mmol/L threshold, below which approximately 50% of pediatric 
patients are reported to be at elevated risk to develop hyponatremic en-
cephalopathy [2]. Patients with seizures (n = 9/11, complete paired datas-
ets) are indicated as diamonds; those without seizures are shown as circles

 

https://www.flaticon.com/authors/ambar
https://www.flaticon.com/authors/ambar
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Hyponatremia and infection-related mechanisms
Over 70% of hyponatremic cases of our pediatric cohort 
were linked to infectious diseases upon PICU admission, 
most commonly pneumonia, COVID-19, and sepsis. This 
mirrors previous reports identifying infection as a major 
driver of dysnatremia in pediatric critical illness. How-
ever, our findings diverge from studies such as Tagarro et 
al. [39] and others [13], which observed a negative corre-
lation between sodium levels and inflammatory markers 
(CRP, PCT) in community-acquired pneumonia (CAP). 
We did not observe a correlation between SNa levels and 
CRP, IL-6, or PCT, suggesting that admission hyponatre-
mia may reflect an early physiological disturbance not 
captured by these markers. Similar patterns have been 
reported in bronchiolitis [5, 13–15], Kawasaki disease 
[10, 16, 17], MIS-C/ PIMS and COVID-19 [18–22], and 
meningoencephalitis [23, 24] where hyponatremia often 
co-occurs with systemic inflammation but not consis-
tently with conventional biomarkers. This suggests that 
alternative mechanisms, such as IL-1- and TNF-medi-
ated renal salt wasting, as proposed by Watanabe [40, 
41] and Eisenhut [42], may play a more prominent role in 
inflammation-associated hyponatremia than IL-6 or CRP.

Perforated appendicitis, a frequent diagnosis within our 
surgical subgroup, was particularly associated with low 
SNa levels. In these cases, hyponatremia likely reflects 
the severity of the condition, driven by third spacing, sys-
temic inflammation, and perioperative fluid shifts [26]. 
Once perforation occurs, the ensuing infectious burden 
and progression toward systemic inflammatory response 
syndrome (SIRS) or sepsis further amplify these effects 
[30]. Consequently, low SNa at admission may serve as 
an early clinical trait signalling severe disease, and war-
ranting heightened monitoring and prompt coordination 
between the iPED, pediatric surgery, and the PICU to 
ensure timely intervention and optimized care.

Neurological complications, including VP shunt dys-
function and encephalitis, commonly observed in our 
cohort, are also recognized contexts for hyponatremia 
due to stress-induced AVP release and, in some cases, 
cerebral salt wasting [4, 43, 44].

These diverse mechanisms highlight that hyponatremia 
at PICU admission represents a heterogeneous phenom-
enon - frequently infection-related, but at times driven by 
neurohormonal influences or altered renal sodium han-
dling. Our findings indicate that, at the time of hospital 
entry - whether first seen in the iPED or directly admit-
ted to the PICU - hyponatremia might not be consis-
tently reflected by standard inflammatory markers and 
must therefore be promptly recognized and contextual-
ized to guide early triage and management.

Divergence from prior literature
Several studies have demonstrated associations between 
hyponatremia, inflammatory markers, prolonged PICU 
stays, and adverse outcomes [9, 11, 45]. Recent stud-
ies have continued to highlight the clinical relevance of 
hyponatremia in pediatric acute care, showing that it 
remains the most common electrolyte disturbance in 
critically ill children - particularly in neurologic and neu-
rosurgical conditions [46] - that even mild hyponatremia 
is associated with increased morbidity and higher admis-
sion rates in emergency settings [34], and that hypotonic 
maintenance fluids continue to contribute to hyponatre-
mia and prolonged hospitalization in intensive care [47].

Our findings did not replicate these associations. The 
differences may be attributable to multiple factors: Our 
cohort primarily consisted of acute admissions rather 
than patients with prolonged ICU exposure, reducing 
the potential confounding impact of HAH. Sodium lev-
els were measured uniformly at admission, whereas other 
studies may have captured later derangements influenced 
by therapeutic interventions or cumulative inflammatory 
responses. Although the cohort was relatively small and 
heterogeneous, this reflected the stringent recruitment 
criteria applied to minimize confounding factors and 
ensure a well-defined study population. Nevertheless, the 
incomplete measurement of IL‑6 and PCT (with CRP as 
the only marker consistently available) may have reduced 
the ability to detect more subtle or cytokine‑specific 
associations. This gap might reflect adaptive diagnostic 
practices, in which CRP is widely available and inexpen-
sive, while IL-6 and PCT are typically reserved for more 
severe or complex cases.

Following the implementation of isotonic maintenance 
fluid recommendations in 2018 [33], we did not observe 
a major shift in the etiologic profile of hyponatremia at 
PICU admission. The observed temporal patterns (i.e., 
COVID-19 pandemic and increase in pediatric surgical 
cases after 2018) are unlikely to reflect effects of the 2018 
fluid guideline [33] and more likely represent natural 
variation in case mix over time.

Gultekingel et al. identified fever as a relevant con-
founder for hyponatremia in acute bronchiolitis [14]. As 
our cohort did not include classic bronchiolitis cases, 
comparability is limited; however, the concept that fever 
may modulate sodium levels in single-etiology cohorts 
remains informative. In our heterogeneous PICU popula-
tion, body temperature showed only a weak trend toward 
association with CRP and no association with serum 
sodium. This suggests that, in mixed critical illness, febrile 
responses and hyponatremia are not closely coupled and 
likely arise through partly independent mechanisms. The 
incomplete availability of IL-6 and PCT restricted further 
exploration of cytokine-specific pathways.
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Neurological risk and implications for emergency care
Seizures were documented in 16.4% of hyponatremic 
patients, with a mean SNa level of 125.7 mmol/L. Nota-
bly, all seizure events occurred before hospital admis-
sion, underscoring the clinical relevance of hyponatremia 
for emergency care providers. Eight of the eleven sei-
zure cases involved children under two years of age, a 
group particularly vulnerable to cerebral complications 
due to their disproportionately large brain-to-skull ratio 
[4], which leaves little reserve to accommodate swell-
ing. Although a causal relationship between hypona-
tremia and seizures could not be confirmed, the high 
seizure prevalence in our cohort underscores the need 
for vigilant sodium monitoring and prompt recognition 
of neurological risk across pre-hospital, emergency, and 
inpatient care. Clear communication of this risk between 
frontline teams, pediatric specialists of the iPED, and the 
PICU is essential to ensure timely intervention, particu-
larly for children under six years of age and those with 
SNa levels below 125 mmol/L, a threshold below which 
approximately 50% of pediatric patients are reported to 
be at elevated risk to develop hyponatremic encephalopa-
thy [2].

Limitations
The study’s retrospective, single-center design limits 
causal inference and generalizability. IL-6 and PCT were 
available in only 45.3% and 37.5% of cases, respectively, 
permitting robust correlation and regression analyses 
only with CRP. A normonatremic comparison group was 
not included, as the study was designed to descriptively 
assess children presenting with hyponatremia at PICU 
admission in a heterogeneous clinical setting, where ret-
rospective matching would have introduced substantial 
confounding. The diversity of underlying diagnoses may 
have obscured condition-specific associations, and sub-
group sensitivity analyses were not feasible because indi-
vidual diagnostic groups contained too few patients for 
meaningful comparison. Because a proportion of patients 
were transferred from other hospital departments or 
from externally, pre-PICU clinical management (includ-
ing fluids, analgesia/sedation, and antipyretic therapy) 
could not be fully reconstructed. This introduces poten-
tial variability in baseline physiology at PICU entry. 
Future prospective studies should therefore consider 
restricting inclusion to direct PICU admissions to mini-
mize these pre-admission influences. Standardized sever-
ity scores such as PELOD-2 [48] were not established 
in our PICU during the study period, and retrospective 
reconstruction was not feasible within the constraints of 
the available data. In addition, ADH levels were not avail-
able because they are not routinely measured in our clini-
cal setting. Measurements of ADH or fractional excretion 
of sodium (FeNa), as proposed by others [39, 41], may 

have further clarified renal mechanisms contributing to 
hyponatremia.

Outlook and clinical implications
Hyponatremia present at PICU admission, before the 
influence of fluid therapy or prolonged intensive care, 
may serve as an early marker of disease burden - poten-
tially independent of systemic inflammation as captured 
by conventional markers, or alternatively reflecting 
pathways not measured in this study. While not directly 
predictive of outcomes such as mortality or ventilation 
duration in this cohort, its frequent association with 
infectious etiologies and pre-admission seizures under-
scores the importance of structured interpretation and 
early communication across emergency, pediatric, and 
critical care teams. Sodium levels should be contextu-
alized within the broader clinical picture and should 
inform triage and monitoring decisions from the earliest 
stages of care.

Future studies should explore whether alternative 
mediators such as IL-1, TNF, and renal indices (e.g., 
FeNa) better explain inflammatory hyponatremia than 
CRP or IL-6 and whether targeted management strategies 
can reduce its clinical impact. As highlighted by Sterns 
[6], controlled trials are essential to determine whether 
hyponatremia itself contributes to adverse outcomes 
or primarily reflects underlying disease severity, and to 
develop evidence-based approaches for reducing mor-
bidity and hospitalization in this vulnerable population.

Abbreviations
AVP	� Arginine Vasopressin
AHN	� Accompanying Hyponatremia
CNS	� Central Nervous System
CRP	� C-reactive protein
HAH	� Hospital-acquired hyponatremia
ICD-10	� International Statistical Classification of Diseases and Related Health 

Problems, 10th Revision
ICU	� Intensive Care Unit
IL	� Interleukin
iPED	� Interdisciplinary Pediatric Emergency Department
LLOD	� Lower limit of detection
MIS-C	� Multisystem inflammatory syndrome in children
NICU	� Neonatal Intensive Care Unit
PCT	� Procalcitonin
PICU	� Pediatric Intensive Care Unit
PIMS	� Pediatric Inflammatory Multisystem Syndrome
SIADH	� Syndrome of Inappropriate Antidiuretic Hormone Secretion
SNa	� Serum sodium
ULOD	� Upper limit of detection

Acknowledgements
Data analysis of the present work was performed by Johanna Messner in 
partial fulfillment of the requirements for obtaining the degree “Dr. med.” at 
the University of Augsburg, Medical Faculty. The authors thank Florentine Laub 
from the Translational Neonatology research group at the University hospital 
Augsburg, Germany for her assistance in data collection and management.

Authors’ contributions
Conceptualization: FBF and FW developed the study concept and design; 
Methodology: HA and ChQ contributed to the development and refinement 
of the study methodology; Data Collection: HA and JM were responsible 



Page 10 of 11Weber et al. BMC Pediatrics          (2026) 26:361 

for data collection and acquisition; Cohort Sample Management: JM and 
ChQ managed oversight of the study cohort; Data Analysis: JM, FW and FBF 
performed the data analysis and interpreted the results; Validation: MLC, 
PB, NA, FI and LS conducted validation to ensure accuracy of the findings; 
Manuscript Preparation: FW, JM and FBF drafted the manuscript and prepared 
it for submission; Review and Editing: MB, PB, NA, FI, LS and MLC critically 
reviewed and revised the manuscript for intellectual content; Visualization: 
FBF and FW created figures, tables, and visual representations of the data; 
Project Supervision: FW, FBF, supervised the project, providing guidance and 
oversight throughout the study.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Data availability
All data supporting the findings of this study are included within the 
manuscript. Further data or details are available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the ethical principles outlined 
in the Declaration of Helsinki. Ethical approval for this study was waived by the 
ethics committee of Ludwig-Maximilians-University Munich (LMU), Germany 
as it involved a retrospective analysis of anonymized data. Signed informed 
consent was not required, as the study used anonymized data and adhered to 
all applicable ethical standards.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Interdisciplinary Pediatric Emergency Department, Faculty of Medicine, 
University of Augsburg, Augsburg 86156, Germany
2Neonatology and Pediatric Intensive Care, Faculty of Medicine, University 
of Augsburg, Augsburg 86156, Germany
3Department of Neurosurgery, Faculty of Medicine. Section of Pediatric 
and Adolescent Neurosurgery, University of Augsburg, Augsburg  
86156, Germany
4Institute of Microbiology, Infectious Diseases and Immunology, Charité- 
Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin, 
Humboldt- Universität zu Berlin, Berlin 12203, Germany
5Department of Pediatrics and Adolescent Medicine, Faculty of Medicine, 
University of Augsburg, Stenglinstr. 2, Augsburg 86156, Germany

Received: 31 July 2025 / Accepted: 10 April 2026

References
1.	 Al-Sofyani KA. Prevalence and Clinical Significance of Hyponatremia in Pedi-

atric Intensive Care. J Pediatr Intensive Care. 2019;8(3):130–7.
2.	 Moritz ML, Ayus JC. Preventing neurological complications from dysnatre-

mias in children. Pediatr Nephrol. 2005;20(12):1687–700.
3.	 Lehtiranta S, Honkila M, Anttila S, Huhtamaki H, Pokka T, Tapiainen T. The inci-

dence, hospitalisations and deaths in acutely ill children with dysnatraemias. 
Acta Paediatr. 2022;111(8):1630–7.

4.	 Moritz ML, Ayus JC. New aspects in the pathogenesis, prevention, and 
treatment of hyponatremic encephalopathy in children. Pediatr Nephrol. 
2010;25(7):1225–38.

5.	 Luu R, DeWitt PE, Reiter PD, Dobyns EL, Kaufman J. Hyponatremia in children 
with bronchiolitis admitted to the pediatric intensive care unit is associated 
with worse outcomes. J Pediatr. 2013;163(6):1652–6. e1651.

6.	 Sterns RH, Silver SM. Complications and management of hyponatremia. Curr 
Opin Nephrol Hypertens. 2016;25(2):114–9.

7.	 Zieg J. Pathophysiology of Hyponatremia in Children. Front Pediatr. 
2017;5:213.

8.	 Adrogue HJ, Madias NE, Hyponatremia. N Engl J Med. 2000;342(21):1581–9.
9.	 Park SJ, Shin JI. Inflammation and hyponatremia: an underrecognized condi-

tion? Korean J Pediatr. 2013;56(12):519–22.
10.	 Shirane S, Hamada R, Morikawa Y, Harada R, Hamasaki Y, Ishikura K, Honda M, 

Hataya H. Frequency and severity of hyponatremia in healthy children with 
acute illness. Pediatr Nephrol. 2025;40(3):765–72.

11.	 Swart RM, Hoorn EJ, Betjes MG, Zietse R. Hyponatremia and inflammation: 
the emerging role of interleukin-6 in osmoregulation. Nephron Physiol. 
2011;118(2):45–51.

12.	 Hasegawa H, Okubo S, Ikezumi Y, Uchiyama K, Hirokawa T, Hirano H, Uchi-
yama M. Hyponatremia due to an excess of arginine vasopressin is common 
in children with febrile disease. Pediatr Nephrol. 2009;24(3):507–11.

13.	 Albinski M, Gamperli L, Regamey N, Stettler J, Tomaske M. Hyponatraemia 
in Paediatric Bronchiolitis - a Harmful Complication not to be Ignored. Klin 
Padiatr. 2016;228(5):275–6.

14.	 Gultekingil A. Hyponatremia in Acute Bronchiolitis. Indian J Pediatr. 
2021;88(4):404.

15.	 Hasegawa K, Stevenson MD, Mansbach JM, Schroeder AR, Sullivan AF, Espi-
nola JA, Piedra PA, Camargo CA Jr. Association Between Hyponatremia and 
Higher Bronchiolitis Severity Among Children in the ICU With Bronchiolitis. 
Hosp Pediatr. 2015;5(7):385–9.

16.	 Laxer RM, Petty RE. Hyponatremia in Kawasaki disease. Pediatrics. 
1982;70(4):655.

17.	 Lim GW, Lee M, Kim HS, Hong YM, Sohn S. Hyponatremia and syndrome of 
inappropriate antidiuretic hormone secretion in kawasaki disease. Korean 
Circ J. 2010;40(10):507–13.

18.	 Dalal N, Pfaff M, Silver L, Glater-Welt L, Sethna C, Singer P, Castellanos-Reyes L, 
Basalely A. The prevalence and outcomes of hyponatremia in children with 
COVID-19 and multisystem inflammatory syndrome in children (MIS-C). Front 
Pediatr. 2023;11:1209587.

19.	 Gheorghe G, Ilie M, Bungau S, Stoian AMP, Bacalbasa N, Diaconu CC. Is 
there a relationship between COVID-19 and hyponatremia? Med (Kaunas). 
2021;57(1):55. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​e​d​i​c​i​n​a​5​7​0​1​0​0​5​5. PMID: 33435405; 
PMCID: PMC7827825.

20.	 Królicka A, Letachowicz K, Adamik B, Doroszko A, Kaliszewski K, Kiliś-
Pstrusińska K, et al. Dysnatremia in COVID-19 patients- an analysis of the 
COLOS study. J Clin Med. 2023;12(8):2802. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​j​​c​m​1​2​0​8​2​8​
0​2. PMID: 37109139; PMCID: PMC10140822.

21.	 Magboul S, Khalil A, Hassan M, Habra B, Alshami A, Khan S, Ellithy K, Ali H, 
AlHothi A, AlMaslamani E, et al. Multisystem inflammatory syndrome in chil-
dren (MIS-C) related to COVID-19 infection in the state of Qatar: Association 
with Kawasaki-like Illness. Acta Biomed. 2022;92(6):e2021543.

22.	 Tzoulis P. Prevalence, prognostic value, pathophysiology, and management 
of hyponatraemia in children and adolescents with COVID-19. Acta Biomed. 
2021;92(5):e2021474.

23.	 Zheng F, Ye X, Shi X, Lin Z, Yang Z, Jiang L. Hyponatremia in Children With 
Bacterial Meningitis. Front Neurol. 2019;10:421.

24.	 Inamdar P, Masavkar S, Shanbag P. Hyponatremia in children with tuber-
culous meningitis: A hospital-based cohort study. J Pediatr Neurosci. 
2016;11(3):182–7.

25.	 Tolaymat A, al-Mousily F, Sleasman J, Paryani S, Neiberger R. Hyponatremia in 
pediatric patients with HIV-1 infection. South Med J. 1995;88(10):1039–42.

26.	 Giannis D, Matenoglou E, Moris D. Hyponatremia as a marker of complicated 
appendicitis: A systematic review. Surgeon. 2020;18(5):295–304.

27.	 Mai G, Lee JH, Caporal P, Roa GJ, Gonzalez-Dambrauskas S, Zhu Y, Yock-
Corrales A, Abbas Q, Kazzaz Y, Dewi DS, et al. Initial dysnatremia and clinical 
outcomes in pediatric traumatic brain injury: a multicenter observational 
study. Acta Neurochir (Wien). 2024;166(1):82.

28.	 Moritz ML, Ayus JC. Prevention of hospital-acquired hyponatremia: a case for 
using isotonic saline. Pediatrics. 2003;111(2):227–30.

29.	 Moritz ML, Ayus JC. Hypotonic fluids should not be used in volume-depleted 
children. Kidney Int. 2005;68(1):409–10.

30.	 Moritz ML, Ayus JC. Maintenance Intravenous Fluids in Acutely Ill Patients. N 
Engl J Med. 2015;373(14):1350–60.

31.	 Montanana PA, Modesto i Alapont V, Ocon AP, Lopez PO, Lopez Prats JL, 
Toledo Parreno JD. The use of isotonic fluid as maintenance therapy prevents 
iatrogenic hyponatremia in pediatrics: a randomized, controlled open study. 
Pediatr Crit Care Med. 2008;9(6):589–97.

https://doi.org/10.3390/medicina57010055
https://doi.org/10.3390/jcm12082802
https://doi.org/10.3390/jcm12082802


Page 11 of 11Weber et al. BMC Pediatrics          (2026) 26:361 

32.	 Hoorn EJ, Geary D, Robb M, Halperin ML, Bohn D. Acute hyponatremia related 
to intravenous fluid administration in hospitalized children: an observational 
study. Pediatrics. 2004;113(5):1279–84.

33.	 Feld LG, Neuspiel DR, Foster BA, Leu MG, Garber MD, Austin K, et al. Clinical 
practice guideline: maintenance intravenous fluids in children. Pediatrics. 
2018;142(6):e20183083. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​4​2​​/​p​​e​d​s​.​2​0​1​8​-​3​0​8​3. PMID: 
30478247.

34.	 Ryoo J, Choi A, Cho H, Bae W. Relationship of severity of hyponatremia and 
adverse outcomes in children visiting the emergency department. Front 
Pediatr. 2024;12:1379727.

35.	 Hoorn EJ, Zietse R. Hyponatremia revisited: translating physiology to practice. 
Nephron Physiol. 2008;108(3):p46–59.

36.	 Królicka AL, Kruczkowska A, Krajewska M, Kusztal MA. Hyponatremia in 
infectious diseases- a literature review. Int J Environ Res Public Health. 
2020;17(15):5320. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​3​3​​​9​0​​/​i​j​e​r​p​h​1​7​1​5​5​3​2​0. PMID: 32718076; 
PMCID: PMC7432506.

37.	 Segar JL, Grobe CC, Grobe JL. Maturational changes in sodium metabolism in 
periviable infants. Pediatr Nephrol. 2021;36(11):3693–8.

38.	 Bennani SL, Abouqal R, Zeggwagh AA, Madani N, Abidi K, Zekraoui A, Kerkeb 
O. [Incidence, causes and prognostic factors of hyponatremia in intensive 
care]. Rev Med Interne. 2003;24(4):224–9.

39.	 Tagarro A, Martin MD, Del-Amo N, Sanz-Rosa D, Rodriguez Md Ph DM, Galan 
Md Ph DJ, Otheo E. Hyponatremia in children with pneumonia rarely means 
SIADH. Paediatr Child Health. 2018;23(7):e126–33.

40.	 Watanabe T, Abe Y, Sato S, Uehara Y, Ikeno K, Abe T. Hyponatremia in Kawa-
saki disease. Pediatr Nephrol. 2006;21(6):778–81.

41.	 Watanabe T. Pathogenesis of hyponatremia in Kawasaki disease. Pediatr 
Nephrol. 2006;21(10):1489–1489.

42.	 Eisenhut M. Changes in renal sodium transport during a systemic inflamma-
tory response. Pediatr Nephrol. 2006;21(10):1487–8. author reply 1489.

43.	 Buyukyavuz BI, Duman L, Karaaslan T, Turedi A. Hyponatremic seizure due to 
huge abdominal cerebrospinal fluid pseudocsyt in a child with ventriculo-
peritoneal shunt: a case report. Turk Neurosurg. 2012;22(5):656–8.

44.	 Diwan N, Kanta C, Bhriguvanshi A. Hyponatremia in Acute Encephalitis 
Syndrome (AES) in Children: A Prospective Study From a Tertiary Centre in 
Northern India. Indian Pediatr. 2025;62(3):197–202.

45.	 Stelfox HT, Ahmed SB, Khandwala F, Zygun D, Shahpori R, Laupland K. The 
epidemiology of intensive care unit-acquired hyponatraemia and hyperna-
traemia in medical-surgical intensive care units. Crit Care. 2008;12(6):R162.

46.	 Sahu UP, Farooquee MR, Hasan O, Ehtesham S, Hasan R. A Cross-Sectional 
Study on the Observation of Clinical Profiles and Associated Electrolyte 
Disturbances in Patients Admitted to the Pediatric Intensive Care Unit (PICU) 
at a Tertiary Care Center. Cureus. 2025;17(1):e77698.

47.	 Fernandez-Sarmiento J, Perez A, Echeverri MA, Jimenez P, Joachim MA, 
Andres J. Association Between Hyponatremia and Maintenance Intravenous 
Solutions in Critically Ill Children: A Retrospective Observational Study. Front 
Pediatr. 2021;9:691721.

48.	 Leteurtre S, Duhamel A, Salleron J, Grandbastien B, Lacroix J, Leclerc F. Groupe 
Francophone de Reanimation et d’Urgences P: PELOD-2: an update of the 
PEdiatric logistic organ dysfunction score. Crit Care Med. 2013;41(7):1761–73.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1542/peds.2018-3083
https://doi.org/10.3390/ijerph17155320

	Hyponatremia upon PICU admission: a 10-year retrospective analysis of outcomes and independent prognostic value
	Florian Weber, Christoph Quatember, H.-Ch. von Andrian, Michael K. Baumgartner, Nicolas Allgaier, Felicitas Ilg, Lea S. Samija, Peter Baumgarten, Johanna Messner, Melanie L. Conrad, Fabian B. Fahlbusch
	Nutzungsbedingungen / Terms of use:
	CC BY 4.0  

	﻿Hyponatremia upon PICU admission: a 10-year retrospective analysis of outcomes and independent prognostic value
	﻿Abstract
	﻿Introduction
	﻿Hyponatremia as a marker of clinical severity in pediatric critical illness
	﻿Determinants of hyponatremia in pediatric critical illness
	﻿Hospital-Acquired Hyponatremia (HAH)
	﻿Study rationale and objectives

	﻿Methods
	﻿Cohort
	﻿Data analysis

	﻿Results
	﻿Cohort characteristics
	﻿Distribution of diagnoses and inflammatory parameters
	﻿Association with inflammatory markers and clinical outcomes
	﻿Seizure events
	﻿Mortality

	﻿Discussion
	﻿Overview of main findings
	﻿Hyponatremia and infection-related mechanisms
	﻿Divergence from prior literature
	﻿Neurological risk and implications for emergency care
	﻿Limitations
	﻿Outlook and clinical implications

	﻿References


