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Background: Hyponatremia induced by syndrome of inappropriate antidiuretic hormone secretion 
(SIADH) was common electrolyte disturbance encountered in critically ill neurological diseases, which has 
normal or increased fluid volume. Brain natriuretic peptide (BNP), which is released in equal proportion to 
N-terminal pro-brain natriuretic peptide (NT-proBNP), plays vital roles in regulation of volume status. The 
relationship between SIADH and NT-proBNP levels in neurological diseases has rarely been reported. 
Methods: A retrospective cross-sectional study was conducted to analyze plasma NT-proBNP levels in 33 
patients with SIADH and 23 controlled eunatremic patients with neurological diseases. 
Results: Baseline NT-proBNP levels were compared between two groups [SIADH group: median  
311 pg/mL, interquartile range (IQR) 110–768 pg/mL] vs. eunatremic group: median 46 pg/mL, IQR, 12– 
96 pg/mL) (P<0.05). Plasma NT-proBNP levels were markedly increased in hyponatremic patients who had 
two or more complications than those who had less complication (P<0.05). In SIADH patients, NT-proBNP 
levels in remission phase were lower to levels at baseline. Furthermore, no death was seen in eunatremic 
patients, while five SIADH patients died from complications. 
Conclusions: SIADH had higher plasma NT-proBNP levels and poorer prognosis compared to 
eunatremic neurological patients. NT-proBNP serves as a biomarker of disease severity while not 
extracellular volume (ECV) status in critically ill neurological patients.
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Introduction

Hyponatremia is the commonest electrolyte disorder in 
hospitalized patients, especially in neurological patients 
(1,2). The majority of researches define hyponatremia as 
serum concentration of sodium less than 135 mmol/L.  
Several large-scale epidemiologic studies showed that the 
prevalence of hyponatremia ranged from 17.5% to 22.1% 
in hospitalized patients (3-5). Other groups reported 
relatively lower prevalence of hyponatremia which was 
around 4.5% depending on the underlying conditions (6,7). 
Nevertheless, it has been widely recognized that up to 10–
50% of neurological patients have concurrent hyponatremia 
(8-10). Fluctuation in the plasma osmolarity is detected 
by specialized neurons, namely osmoreceptors, located in 
the anteromedial hypothalamus. It appears that decreased 
plasma sodium or osmolarity under specific set point 
triggers the secretion of arginine vasopressin (AVP) to keep 
stable plasma sodium or osmolarity. In neurological patients, 
hyponatremia is largely related to excessive production 
of AVP despite reduced plasma osmolarity, well known as 
syndrome of inappropriate antidiuretic hormone secretion 
(SIADH). AVP exerts antidiuretic effect through enhanced 
reabsorption of solute-free water in the dismal tubules and 
collecting ducts. Therefore, patients with SIADH have 
normal or increased extracellular volume (ECV) (11). The 
resultant extracellular hypo-osmolarity in acute SIADH 
causes increased intracranial pressure (ICP) and brain 
edema. So, acute encephalopathy mediated by SIADH is a 
life-threatening emergency. In a retrospective study, data 
showed that the majority of patients with hyponatremia 
who died are caused by progressive underlying illnesses but 
not by neurologic complications from hyponatremia (12). 
So, hyponatremia or SIADH seems to serve as an important 
marker for disease severity in critically ill patients (13,14). 

Natriuretic peptide family members are supposed 
to play indispensable roles to counteract expansion of 
ECV mediated by AVP. Brain natriuretic peptide (BNP) 
is widely known as fluid homeostasis regulator secreted 
by myocardiocytes in response to volume expansion 
and pressure overload (15,16). In healthy volunteers, it 
has been demonstrated that elevation of plasma BNP 
concentration by 44% is paralleled with increased renal 
sodium excretion by 60% (17). BNP and its N-terminal 
counterpart, N-terminal pro-BNP (NT-proBNP), are 
cardiac biomarkers that have been established for the 
assessment of congestive heart failure (16). In patients with 
SIADH, they tend to have more severe underlying diseases 

and increased stress responses. The blood pressure, heart 
rates and pro-inflammatory cytokines are presumably 
increased in these patients. As we know, cardiovascular 
overload and uncontrolled inflammation are contributing 
factors to increase BNP levels (18). BNP, which was 
initially isolated from extracts of porcine brain (19), had 
also been found to be mainly expressed in hypothalamus 
using different primate models (20). Moreover, neurons 
responsible for AVP secretion are also located in the 
same area with BNP-secreting neurons. It remains open 
whether aberrant secretion of AVP correlates with BNP 
release in neurological patients with SIADH. It has long 
been demonstrated that poststroke patients with higher 
BNP levels have increased mortality rate (21). In other 
neurological diseases, such as traumatic brain injury 
and subarachnoid hemorrhage (SAH), it has also been 
demonstrated that BNP levels positively correlated with 
worse prognosis (22,23). 

SIADH is the commonest hyponatremia in neurological 
patients. As mentioned above, SIADH often reflects the 
severity of underlying diseases which have contributing 
factors to increase BNP levels in neurological patients, 
such as cardiovascular overload, aberrant inflammation and 
brain damage. In addition, secretion of BNP responds to 
expansion of fluid volume which is mediated by excessive 
absorption of free water, so as to mediate sodium excretion 
in the urine. Theoretically, BNP levels have a potential 
link with SIADH and prognosis in these patients. To date, 
limited work has been performed on the relationship 
between NT-proBNP levels and SIADH in neurological 
patients. Therefore, we conducted a single-center 
retrospective study to address this issue. We present the 
following article in accordance with the reporting checklist 

(available at http://dx.doi.org/10.21037/atm-20-3413).

Methods

Written informed consent was obtained from all participating 
patients on admission. This study was approved by the 
ethics committee of Tongji Hospital, Tongji Medical 
College, Huazhong University of Science and Technology 
(Institutional Review Board Approval No. TJ-C20190101). 
All procedures were carried out in accordance with the 
principles of the Declaration of Helsinki (as revised in 
2013). We conducted a cross-sectional study to compare the 
NT-proBNP levels in neurological patients with or without 
SIADH in the department of neurology of our hospital 
between June 30, 2012 and May 31, 2016. Hyponatremia 
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was  de f ined  as  concentra t ion  o f  p la sma sodium  
≤135 mmol/L. The underlying diseases include SIADH 
and eunatremia from patients with intracranial diseases. 
These diseases encompass cerebral ischemic stroke, cerebral 
or SAH, viral or tubercular meningitis and intracranial 
infection. Patients who had cardiovascular, nephrological or 
other comorbidities markedly affected plasma NT-proBNP 
levels should be excluded. The patients on admission who 
had severe heart dysfunction, renal insufficiency, nephrotic 
syndrome, hypothyroidism, adrenocortical insufficiency, 
liver cirrhosis or multiple organ failure were excluded 
from the study. In hyponatremic group, 33 patients were 
diagnosed as SIADH according to diagnostic criteria 
adapted from European standard published previously (24),  
which contained essential criteria and supplemental 
criteria. The essential criteria included (I) effective serum 
osmolality <275 mOsm/kg·H2O, (II) urine osmolality  
>100 mOsm/kg·H2O at some level of decreased effective 
osmolality, (III) clinical euvolemia, (IV) urine sodium 
concentration >30 mmol/L with normal dietary salt and 
water intake, (V) absence of adrenal, thyroid, pituitary or 
renal insufficiency, and (VI) no recent use of diuretic agents. 
The supplemental criteria contain (I) serum uric acid  
<0.24 mmol/L (<4 mg/dL), (II) serum urea <3.6 mmol/L  
(<21.6 mg/dL), (III) failure to correct hyponatremia after 
0.9% saline infusion, (IV) fractional sodium excretion 
>0.5%, (V) fractional urea excretion >55%, (VI) fractional 
uric acid excretion >12%, and (VII) correction of 
hyponatremia through fluid restriction. 

Plasma levels of chlorine, sodium, potassium, creatinine, 
glucose, hemoglobin (Hb), hematocrit, urea, bicarbonate, 
alanine transaminase (ALT) and aspartate transaminase 
(AST) were assayed using the Roche Cobas 8000 automatic 
biochemical analyzer (Roche Diagnostics, Basel, Switzerland). 
Plasma NT-proBNP concentration was determined by an 
immunoelectrochemiluminescence method on Roche Cobas 
8000/E602 immunoassay module. The osmolality of plasma 
and urine was measured using the electrode method. Vivid E9 
ultrasound scanner (GE Vingmed, Horten, Norway) was used 
to measure the left ventricular ejection fraction (LVEF, %).

Statistical analysis 

The normality of data distribution was tested by 
Kolmogorov-Smirnov test. Variables with skewed distribution 
were expressed as median and quartile ranges (25th to 
75th percentiles). Continuous variables with normal 
distribution were expressed as mean ± standard deviation 

(SD). Categorical variables were expressed as numbers 
and percentages. Variables with normal distribution were 
compared between two groups with the unpaired Student’s  
t test. Difference of NT-proBNP levels and blood pressure 
levels between two groups was analyzed by Mann-Whitney 
U test. Difference of NT-proBNaP levels among three 
groups was compared by Kruskal-Wallis H test, and then 
Bonferroni pairwise comparisons were performed if P<0.05. 
Chi-square test was used to compare categorical variables. 
Data were analyzed by software SPSS version 16.0. 
Difference was considered to be significant when P<0.05 
(two-tailed).

Results

The study performed strict exclusion and inclusion criteria 
according to the aforementioned methods. A PRISMA 
flowchart is shown in Figure 1. A total of 56 patients 
who had adequate clinical information were involved 
in this study (Table 1). Patient ages in the hyponatremic 
group were markedly older compared to the eunatremic 
group (55.96±14.40 vs. 39.47±14.67 years). The baseline 
blood pressure levels were significantly higher in the 
hyponatremic group (systolic blood pressure: median  
163 mmHg, IQR, 115–176 mmHg vs. median 127 mmHg, 
IQR, 102–149 mmHg, P<0.05; diastolic blood pressure: 
median 112 mmHg, IQR, 84–131 mmHg vs. median  
86 mmHg, IQR, 63–104 mmHg, P<0.05), with more 
patients treated with antihypertensives compared to the 
eunatremic group (60.6% vs. 34.8%, P<0.05). Similar 
LVEF, AST and eGFR (evaluated glomerular filtration rate) 
levels were observed between two groups. Patients with 
hyponatremia had less Hb and lower hematocrit (P<0.05), 
likely reflecting diluted hyponatremia. Meanwhile, 
hyponatremic patients had significantly higher NT-proBNP 
levels. Nevertheless, no direct correlation was found 
between sodium and NT-proBNP levels in hyponatremic 
patients (r=0.093, P=0.607). 

Finally, five patients had died in the SIADH group, while 
all patients in eunatremic group had recovered. To further 
explore the relationship between NT-proBNP levels and 
sodium levels, NT-proBNP levels were compared between 
hyponatremia phase and eunatremia phase. Although 
there was downward trend of NT-proBNP levels after 
the correction of hyponatremia in disease remission phase 
(median 419.5 pg/mL, IQR, 163.0–581.5 pg/mL) vs. median 
212.0 pg/mL, IQR, 123.0–298.5 pg/mL), the difference was 
not statistically significant (P=0.130, Figure 2). 
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Figure 1 PRISMA flowchart of the study.

Neurological patients evalutated for 
NT-proBNP 

(n=192)

Stratified to three groups according 
to sodium levels

Eunatremia (n=23) Hyponatremia (n=38)

Hypernatremia (n=3)

SIADH (n=33)

Others (n=5)

Excluded 
concurrent diseases affecting BNP levels (n=82)
incomplete data (n=46)

Table 1 Baseline characteristics of hyponatremic and eunatremic patients

Hyponatremic group (sodium ≤135, N=33) Eunatremic group (sodium >135, N=23) P value

Men, n (%) 24 (72.7%) 14 (60.9%) 0.946

Age, years 56.0 ±14.4 39.5 ±14.7 <0.0001

Chlorine, mmol/L 88.96±7.84 102.32±2.73 <0.0001

Sodium, mmol/L 125.9±7.4 140.3±2.5 <0.0001

Potassium, mmol/L 4.18±0.61 3.95±0.39 0.047

 NT-proBNP range, pg/mL 26–3,823 5–880 –

NT-proBNP, pg/mL 311 (110–768) 46 (12–96) <0.0001

Urea, mmol/L 5.27±3.67 5.10±2.35 0.863

Creatinine, µmol/L 68.5±56.7 56.57±12.2 0.263

eGFR, mL/min/1.73 m2 125.9±62.7 130.4±37.7 0.759

Glucose, mmol/L 5.93±2.31 5.63±0.93 0.702

Hb, g/L 119.2±17.8 129.8±15.5 0.017

Hematocrit (%) 33.96±5.07 38.74±4.24 <0.0001

ALT, U/L 23.4 ±16.3 35.4 ±40.0 0.079

AST, U/L 33.5±17.7 31.09±35.48 0.701

Osmolality, mOsm/kg·H2O 263.3±21.2 295.8±7.0 0.001

 Bicarbonate, mmol/L 24.64±7.31 24.07±3.17 0.753

Urinary sodium excretion, mmol/24 h 234.14±160.55 – –

LVEF, % 64±5 65±5 0.639

Data are expressed as mean ± SD for data with normal distribution, or median (IQR) for data with skewed distribution, or number 
(percentage) for categorical data. P values less than 0.05 are marked in bold and were considered to be statistically significant. Difference 
of continuous variables was compared using unpaired Student’s t test unless otherwise indicated. Analysis was performed using Mann-
Whitney U test. eGFR, estimated glomerular filtration rate; Hb, hemoglobin; ALT, alanine transaminase; AST, aspartate transaminase; LVEF, 
left ventricular ejection fraction.
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The concurrent complications and disease severities 
varied in these SIADH patients. These patients were 
divided into three groups according to the number of severe 
complications. These complications were defined as acute 
respiratory failure, pneumonia, acute hepatic dysfunction, 
hemorrhage of upper digestive tract, anemia (Hb <90 g/L) 
and coma. No significant difference of serum sodium levels 
was observed among three groups (P=0.31). Patients with 
two or more complications (group C) had higher levels of 
NT-proBNP than patients without complication (group 
A) (P=0.03). It seems that influence of disease severities on 
NT-proBNP levels was more obvious than serum sodium 
concentration (Table 2).

Discussion

Hyponatremia commonly occurs in patients with 
neurological diseases. The main cause of neurological 
hyponatremia has been attributed to SIADH. Secondary 

to cerebral injuries, inappropriate secretion of ADH 
in hypothalamus leads to water retention and diluted 
hyponatremia. The abnormal release of ADH has been 
proposed to be caused by several reasons. Firstly, intracranial 
hemorrhage, infection or injury can interrupt the neuronal 
crosstalk or hormonal feedback mechanisms (25).  
Secondly, ADH secretion can be triggered by stress, 
hypovolemic state and increased ICP (26). The ECV state 
of SIADH is hypervolemic or euvolemic. 

BNP is mainly synthesized by ventricular cardiomyocytes 
triggered by ventricular stretch and volume overload. 
El iminat ion pathways of  BNP in plasma include 
glomerular infi ltration, natriuretic receptors and 
neutral endopeptidases. In contrast, elimination of NT-
proBNP largely depends on glomerular infiltration (27). 
Therefore, BNP and NT-proBNP have been extensively 
utilized as biomarkers in acute or chronic congestive 
heart failure. In addition to heart failure and glomerular 
infiltration, plasma BNP levels are influenced by several 
other confounding factors, including age, gender, body 
mass index, inflammation, steroid agents, volume state, 
neurological insults, stress, arrhythmia, acute respiratory 
distress syndrome and so on (28-32). Among these factors, 
it seems that higher NT-proBNP levels always parallel with 
a disease or aging state. Except for the influence of gender, 
steroid agents and body mass index (32), other factors, such 
as age, inflammation, volume state, neurological insults, 
stress, arrhythmia and acute respiratory distress syndrome 
all positively correlated with higher NT-proBNP levels. 
So, elevated NT-proBNP levels are frequently associated 
with worse prognosis in various neurological diseases, 
such as acute ischemic stroke, traumatic brain injury and 
SAH (22,23,33). It has long been disputed whether NT-
proBNP serves as a biomarker for volume state or for 
overall disease severities. Our study doesn’t support the 
notion that NT-proBNP levels are reliable predictor for 
volume state, for plasma NT-proBNP levels were notably 
raised in patients with SIADH compared to eunatremic 

Figure 2 Comparison of mean NT-proBNP levels before and 
after correction of hyponatremia in patients with SIADH. Hypona, 
hyponatremia; Euna, eunatremia; NT-proBNP, N-terminal pro-
brain natriuretic peptide; SIADH, syndrome of inappropriate 
antidiuretic hormone secretion.
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Table 2 The effect of the amount of complications on serum sodium and NT-proBNP levels in SIADH patients

Group Number of complications Cases Sodium range (mmol/L) NT-proBNP range (pg/mL)

A 0 7 112.7–133.5 42–419*

B 1 6 105.9–131.6 53–2,576

C ≥2 20 115.8–134.6 26–3,823

Group A compared with group B, P=0.565; *, group A compared with group C, P=0.03; group B compared with group C, P=0.36. NT-
proBNP, N-terminal pro-brain natriuretic peptide; SIADH, syndrome of inappropriate antidiuretic hormone secretion.
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patients. We diagnosed these patients as SIADH according 
to widely accepted standards published previously (24). 
Cerebral salt wasting syndrome (CSWS) was excluded in 
these patients by evaluating volume state and treatment 
responsiveness of fluid restriction. In our study, extracellular 
volume seems to be slightly expanded in SIADH patients, 
manifesting as lower hematocrit compared to eunatremic 
patients. Similarly, positive fluid balance was generally 
observed in SIADH patients with SAH (34). Studies from 
volunteers have shown that plasma BNP levels appear to 
be insensitive to volume expansion or increased sodium 
uptake (35,36). It has been showed that high BNP levels are 
related to occurrence of severe hypovolemia and possibly 
hyponatremia in SAH patients, but data do not support 
a role for BNP measurement to differentiate between 
hypovolemic and non-hypovolemic hyponatremia (37).  
Hence, it seems that BNP or NT-proBNP levels were 
not reliable biomarkers to evaluate volume status in 
pathophysiological settings.

Both systematic and local inflammation may contribute 
to increased secretion of AVP. Several inflammatory 
factors, such as prostaglandin-E2, interleukin (IL)-1β, 
IL-6 and tumor necrosis factor-α, have been confirmed to 
be induced in hypothalamus and pituitary after challenge 
with lipopolysaccharides in animal models (38). In addition 
to cerebral infection, sterile inflammation caused by 
damage-associated molecular patterns, such as ischemia, 
hemorrhage and trauma in the brain, also contributes to 
markedly increased production of IL-1β in glia cells (39). 
These factors produced locally or possibly systematically 
directly stimulate the synthesis and secretion of AVP 
in neuroendocrine cells within paraventricular (PVN) 
and supraoptic (SON) nuclei. Aberrant secretion of 
AVP reflects the severity of inflammation and stress 
response in the hypothalamus. It has been demonstrated 
in primate models that BNP mainly exists in PVN and 
SON where large numbers of AVP-positive neurons exist 
in the hypothalamus (20). BNP levels increased shortly 
after traumatic brain injury or stroke, irrespective of the 
existence of cardiac dysfunction or not (33,40). It raises the 
possibility that inflammatory insults and stress response 
might affect secretion of BNP from the hypothalamus. 
However, direct evidence to support this notion is lacking. 

The fluctuation of NT-proBNP levels during stress 
responses varied from person to person. One underlying 
mechanism to explain is the difference of cardiopulmonary 
performance among different persons. Athletes who had 

potent cardiopulmonary fitness tended to have lower NT-
proBNP levels both at rest and during physical stress 
than age-matched untrained healthy volunteers (41). In 
our study, SIADH patients had relatively elder ages and 
presumably worsened cardiopulmonary fitness. Thus, 
they tended to have elevated NT-proBNP levels under 
stress responses. The magnitude of stress responses may 
also contribute to promotion of secretion of AVP and 
NT-proBNP, for patients with more complications had 
significantly elevated NT-proBNP levels. Based on these 
reasons, we postulate from our study that NT-proBNP 
levels serve as predictor for disease severity while not 
volume status in pathophysiological settings, at least in 
patients with neurological diseases.

Nevertheless, higher NT-proBNP levels seem to be 
not consistently associated with hyponatremia (37). No 
difference of NT-proBNP had been found during and after 
the episode of hyponatremia in patients with SAH (1). In 
patients who underwent neurosurgery, NT-proBNP levels 
in SIADH patients were significantly lower than those of 
CSWS patients (42). These discrepancies from different 
studies may be attributed to primary neurological diseases, 
complications and disease severities.

Our study exists several limitations. Firstly, the sample 
size is small and the causes of primary diseases are 
heterogeneous. One reason for the small sample size is 
that we strictly screened SIADH patients and excluded 
patients with severe kidney failure and heart failure. 
Although these patients suffered from neurological 
diseases, etiological causes varied among these patients. 
Secondly, the retrospective study was cross-sectional. 
NT-proBNP measurements were obtained after onset 
of hyponatremia, while baseline levels of NT-proBNP 
before disease onset were lacking. Co-existing factors are 
complicated to influence plasma BNP levels. Therefore, a 
causal relationship between NT-proBNP levels and SIADH 
remains unclear. However, higher NT-proBNP levels always 
indicate worse conditions, which is the same as SIADH. 
In our study, as the patients with SIADH progressed into 
remission phase, there was a downward trend in NT-
proBNP levels compared to the hyponatremic phase. This 
alteration could be considered as a self-controlled study to 
maximally eliminate the influence of co-existing factors. 
Thirdly, the cross-sectional study enrolled patients who 
sequentially hospitalized in a time window. Selection bias 
unavoidably affected the analysis. We suggest that further 
study be designed with well-controlled comparison.
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Conclusions

We conclude that neurological patients with SIADH have 
higher plasma NT-proBNP levels and poorer clinical 
prognosis than those without. NT-proBNP possibly serves 
as disease severity biomarker while not extracellular volume 
status in critically ill neurological patients.
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