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Abstract. We report the case of an 81-year-old woman who presented to our attention complaining of 
 headache, dizziness, gear insecurity with muscle weakness, and vomiting after a forward fall down the stairs 
with a minor head injury 15 days earlier and investigated with a brain computed tomography, that excluded 
fractures and haemorrhage. Laboratory tests showed severe hyponatraemia, that we immediately investigated 
with a diagnostic workup, that included urine tests, point-of-care ultrasound, and orthostatic hypotension 
with “supine-to-standing test”. Based on these results and the recent traumatic brain injury, cerebral salt wast-
ing syndrome (CSWS) was diagnosed. The patient was treated with hypertonic saline infusion (3% NaCl), 
developing an initial osmotic demyelination syndrome due to the rapid correction of hyponatraemia, which 
completely solved stopping the infusion. CSWS is often misdiagnosed and commonly confused with inap-
propriate antidiuretic hormone secretion syndrome. CSWS can occur within the first 10 days following a 
neurosurgical procedure or acute neurological event (stroke, haemorrhage, and traumatic head injury). Since 
severe hyponatraemia is potentially life-threatening, emergency clinicians should always consider CSWS 
when evaluating hyponatraemic patients, particularly after a head injury. (www.actabiomedica.it)
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Introduction

An 81-year-old woman presented to our atten-
tion with headache, dizziness, gear insecurity with 
muscle weakness, and a unique episode of vomiting af-
ter a forward fall down the stairs with a minor head in-
jury 15 days earlier, that was investigated with a brain 
computed tomography (CT) excluding fractures and 
haemorrhage. Her medical history included hyperten-
sion treated with perindopril (8 mg daily) and biso-
prolol (1.25 mg daily). At admission, she was in good 
clinical condition, apyretic, with a normal body mass 
index of 19. Her Glasgow Coma Scale (GCS) was 
15, blood pressure 160/75 mmHg, heart rate 76 bpm, 
pulse oximetry 98% at room ambient, and respiratory 

rate 18/min. The neurological evaluation resulted in 
normal muscle tone and sensitivity in all four limbs. 
She was promptly investigated with a brain CT scan, 
that ruled out bleeding. Laboratory findings showed 
a severe hyponatraemia (109 mEq/L) with normal 
 renal function (creatinine 0.48 mg/dL - normal value 
0.6-1.2, blood urea nitrogen 26 mg/dL - normal value 
10-50), transaminases, C-reactive protein, and glu-
cose. The arterial blood gas analysis showed a meta-
bolic alkalosis with a compensatory compensation 
with pH 7.42, pCO2 48 mmHg, pO2 67.8 mmHg, 
HCO3 29.3, and confirmed the severe hyponatremia 
(118 mEq/L) with normal potassium (3.5 mEq/L), 
calcium (4.41 mEq/L), and lactate (5 mg/dL, normal 
value 5-15), and reduced chloride (84 mEq/L).
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She was admitted to our observation unit, and 
further investigations were done to identify the cause 
of hyponatremia. The spot urine sodium concentra-
tion was 46 mmol/L, and the urine osmolality was 
218 mOsm/kg H2O. Urinary cortisol resulted in the 
normal range (221.5 µg/24 hrs, normal range 70-300). 
Other reasons for natriuresis, including polydipsia, al-
cohol abuse, thyroid dysfunction, antidepressants, pro-
ton pump inhibitors, non-steroidal anti-inflammatory 
drugs, and corticosteroids, were investigated and ruled 
out. In the past patient’s laboratory exams, serum so-
dium was always in the normal range, and the patient 
had never experienced the symptoms before her head 
injury, excluding a role of perindopril in the pathogen-
esis of severe symptomatic hyponatremia.

To assess the patient’s volume status, we used 
point-of-care ultrasound (POCUS), which showed 
a collapsed inferior vena cava and ruled out organ 
 damage. We then investigated an orthostatic hypo-
tension using a “supine-to-standing test”, that docu-
mented a supine-to-standing systolic blood pressure 
drop ≥20 mmHg. These results were indicative of 
hypovolemia.

Neurological symptoms and vomiting were re-
garded as symptoms of severe hypotonic hyponatrae-
mia, and given the recent head trauma, cerebral salt 
wasting syndrome (CSWS) was considered the cause 
of hyponatraemia. Perindopril was stopped and 
changed to a calcium antagonist (amlodipine 5 mg 
daily). A urinary catheter was placed to monitor the 
patient’s urine output, and the patient was imme-
diately treated with hypertonic saline infusion (3% 
NaCl, 35 mL/h), monitoring the sodium correction 
rate using a “point-of-care venous blood gas analysis”. 
After 18 hours, the correction rate was 12 mEq/L, 
and the patient reported confusion, weakness in her 
legs, and altered vision with diplopia. These symptoms 
were completely solved within three hours after the 
hypertonic saline infusion was stopped, suggesting a 
diagnosis of initial osmotic demyelination syndrome 
(ODS) due to the rapid correction of hyponatrae-
mia. Normal saline infusion (0.9% NaCl) was infused 
until normalization of sodium level, maintaining the 
correct targeted sodium correction rate (≤ 10 mEq/L 
in 24 hours). The patient was admitted to the Inter-
nal Medicine Ward and on day 7, she was discharged 

completely asymptomatic with a normal sodium value 
(138 mEq/L). At a  subsequent laboratory control one 
month after her discharge, the sodium value was still 
in the normal range.

Discussion

Hyponatraemia (serum sodium < 135 mmol/L) is 
an electrolyte disorder that emergency clinicians  often 
face. Understanding the aetiology of hyponatrae-
mia can be difficult in the emergency setting. As re-
cently proposed by Lindner et al., the first step in the 
emergency department (ED) is to recognize acute or 
symptomatic hyponatraemia as it should be treated 
immediately (1). According to the European guide-
lines, hyponatraemia should be classified based on sev-
eral parameters, including serum sodium values, onset, 
symptom severity, patient’s volume status, and urine 
osmolality (2).

Hyponatraemia is mild if the serum sodium 
value is between 130 and 135 mmol/L, moderate be-
tween 125 and 129 mmol/L, and profound if less than 
125 mmol/L. Acute and chronic hyponatraemia is dis-
tinguished by the onset: if it develops in 48 hours, it 
will be acute, otherwise, it will be chronic. This cut-off 
is based on the time it takes brain cells to adapt to the 
hypoosmolar condition by expelling water and electro-
lytes into the extracellular space (rapidly compensating 
pathway) (2,3). This mechanism can compensate for 
hyponatraemia to a limited extent and the decrease in 
serum sodium that occurs in less than 48 hours can 
lead to cerebral oedema and related symptoms (2).

Differentiating between acute and chronic hy-
ponatraemia in the EDs is the most challenging task. 
Unless there are established factors that could produce 
acute hyponatraemia, such as iatrogenic causes, poly-
dipsia, or thiazide prescription, hyponatraemia should 
be considered chronic if a decrease in serum sodium 
of 10 mmol/L within 48 hours cannot be documented 
(1,2). Acute hyponatraemia can present with moder-
ate symptoms, including nausea without vomiting, 
confusion, and headache. Severe symptoms include 
cardiorespiratory distress, abnormal and deep somno-
lence, seizures, and coma caused by cerebral oedema 
(2). In these circumstances, patients should be treated 
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rapidly with infusion of 150 ml of 3% NaCl solution 
over 20 minutes, followed by a second measurement 
of serum sodium level 20 minutes later. The infusion 
can be repeated as long as the symptoms of brain 
oedema  persist or until the serum sodium increases by 
5 mmol/L (1,2).

The guidelines have limitations regarding the 
 classification of the presenting symptoms and the 
stratification of the level of severity. Severe hyponatrae-
mia (serum sodium < 125 mmol/L) is not  always as-
sociated with neurological symptoms related to brain 
oedema (or pre-oedema). In a recent retrospective 
study to evaluate the impact of severe hyponatraemia 
in  patients presenting to the EDs, only half of the 
394 patients with serum sodium less than 116 mmol/L 
had neurological symptoms (4). Interestingly, only  
one patient was totally asymptomatic. According to 
European Guidelines (2), patients with hyponatraemia 
are never really asymptomatic.

When hyponatraemia develops more gradually 
(i.e., over 48 hours), brain cells respond to the hy-
poosmolar environment via the slow compensatory 
pathway by losing organic osmolytes, including neuro-
transmitters such as glutamate or GABA (3). The de-
pletion of these neurotransmitters may be responsible 
for the mild neurological deficits observed in patients 
with chronic hyponatraemia (5).

In the case of asymptomatic or chronic hy-
ponatraemia, ED clinicians should evaluate the pa-
tient’s volume status before starting any therapy (1). 
Starting from the evidence that most of the cases are 
hypotonic hyponatraemia, it is preferable to classify 
them according to the volume status (1). Gastrointes-
tinal fluid loss, transdermal loss, adrenal insufficiency, 
medications (thiazide diuretics and aldosterone an-
tagonists), and cerebral/renal salt wasting syndrome 
are potential causes of hyponatraemia with reduced 
volume status. Instead, hyponatraemia with increased 
volume status can occur in conditions such as heart 
failure, cirrhosis, and nephrotic syndrome. Patients 
with the syndrome of inappropriate antidiuretic hor-
mone secretion (SIADH), primary polydipsia, or hy-
pothyroidism are typically euvolemic. Recognizing 
a hypervolemic patient is simple, as oedema, ascites, 
rales, and crackles on auscultation are common find-
ings on physical examination. Detecting patients with 

hypovolemia is more insidious. Postural dizziness, dry 
mucous membranes, and the onset of orthostatic hy-
potension are clinical signs of hypovolemia. POCUS 
is a simple and easy method that is commonly used 
by emergency clinicians to assess the patient’s volume 
status by measuring the diameter of the inferior vena 
cava and evaluating its collapsibility (6). Evaluating 
the patient’s volume status is necessary and essential 
not only because the treatment obviously changes but 
also to identify forms of hyponatraemia that can be 
challenging to diagnose, particularly in the EDs, in-
cluding CSWS.

Epidemiology

CSWS was first described in 1950 in a report of 
three patients with brain disease and concomitant hy-
ponatraemia (7). Hyponatraemia is known to be a fre-
quent finding in patients with acute neurological and 
neurosurgical diseases (8,9), particularly subarachnoid 
haemorrhage (SAH) (10). A retrospective study by 
Sherlock M. et al. examined 316 patients with SAH, 
demonstrating this population’s high incidence of hy-
ponatraemia (56.6%). In 62 patients with SAH and 
serum sodium levels < 130 mmol/L, CSWS was the 
cause of hyponatraemia in 6.5% of cases (11).

Hyponatraemia is a frequently encountered find-
ing in the traumatic head injury population (12). In 
an attempt to determine the prevalence of CSWS 
among patients who have suffered head injuries, 
Leonard et al. reviewed the available literature from 
1988 to 2010 (13). The study also aimed to define the 
timing of the onset of CSWS after trauma and evalu-
ate biochemical changes in patients who developed 
the syndrome. The incidence of CSWS varied widely 
(0.8–34.6%) as the studies included in the review did 
not use the same diagnostic criteria for CSWS and dif-
ferent populations were examined in terms of age and 
type of traumatic injury. The incidence of CSWS after 
traumatic brain injury (TBI) was higher in patients 
with a GCS less than 9.

Volume studies with radioisotope determinations 
in neurosurgical patients have been the turning point 
in the evaluation of the incidence of CSWS (14-16). 
These studies revealed that CSWS is more prevalent 
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direct correlation between increased natriuretic fac-
tors and the onset of CSWS (12, 21). According to 
Harrigan MR, an acute brain injury can cause a dis-
ruption of the sympathetic activity in the kidney, 
increasing blood flow and glomerular filtration rate, 
as well as inhibiting the RAAS, which reduces renal 
sodium reabsorption (12).

Maesaka et al. successfully isolated a protein 
with natriuretic activity from the serum of patients 
with neurosurgical diseases and Alzheimer’s disease, 
identified as haptoglobin-related protein without sig-
nal peptide (HPRWSP). Their findings suggest that 
HPRWSP may be involved in the CSWS pathogenic 
pathway and may be the subject of further research 
(21).

Clinical features and differential diagnosis

Patients with CSWS have hyponatraemia with 
reduced serum osmolarity (hypotonic hyponatrae-
mia), reduced volume status with onset of orthostatic 
 hypotension and finding of low central venous pressure 
(10). Assessing the patient’s fluid status can often be 
difficult and inaccurate. Therefore, POCUS, increased 
haematocrit, and plasma urea nitrogen (BUN) may 
help diagnose CSWS, reflecting low effective blood 
volume (1,10). Other typical findings include in-
creased urinary sodium excretion with increased urine 
volume (polyuria) and negative fluid balance (10).

Other conditions that may lead to hypotonic hy-
ponatraemia and/or renal salt wasting, such as adrenal 
insufficiency, hypothyroidism, and renal insufficiency, 
must be excluded.

CSWS tends to occur within the first ten days 
following a neurosurgical procedure or acute neurolog-
ical event, such as SAH or stroke (22). In patients with 
TBI, the timing of the onset of CSWS varies widely 
and tends to occur from a few days to two months 
after the injury (13). This may suggest that different 
pathogenetic pathways can promote the develop-
ment of CSWS in the TBI population (13). It has also 
been suggested that the onset of CSWS is earlier in 
 paediatric patients than in adults (23).

The differential diagnosis is crucial when assessing 
a patient with hyponatraemia and a history of brain 

than SIADH in neurosurgical patients and showed 
that a significant percentage of patients with low 
 serum sodium values also had hypovolaemia (the main 
clinical hallmark of CSWS).

Pathophysiology

The pathogenesis of CSWS is not universally 
 defined and remains the subject of research today. Sev-
eral pathogenetic pathways have been proposed, influ-
enced by the type and location of the brain lesion and 
the patient’s age (13).

The onset of CSWS can be explained by the serum 
increase of natriuretic factors, such as Atrial Natriu-
retic Peptide (ANP), Brain Natriuretic Peptide (BNP), 
C-type natriuretic peptide (CNP), Dendroaspis 
Natriuretic Peptide (DNP), which induce arteriolar 
vasodilatation and increase glomerular filtration, but 
also inhibit the renin-angiotensin-aldosterone system 
(RAAS) and sodium reabsorption in the distal tubule, 
causing hyponatraemia and increased natriuresis (17). 
Among the natriuretic factors, BNP seems to be the 
most frequently associated with the onset of the syn-
drome (18), although it is not yet known whether BNP 
is released from the brain, heart tissue, or both. Most 
of the studies were performed on patients who had an-
eurysmal subarachnoid haemorrhage. In these cases, 
BNP release may be determined by direct damage of 
SAH to the sympathetic projections of the hypothala-
mus (19). According to another theory, the increase in 
serum norepinephrine values, induced by stress, would 
lead to an increase in the release of BNP from cardiac 
cells (20). A direct correlation has also been proposed 
between intracranial pressure and natriuretic factors, 
which regulate brain water and sodium content and 
cerebrospinal fluid production. The onset of CSWS 
may be a protective measure to limit intracranial pres-
sure rises that can occur due to SAH (18).

In the review by Leonard et al., the authors 
 reported that ANP and BNP are not increased in 
 patients with TBI and CSWS (13). Only two pa-
tients had elevated BNP, but brain CT showed haem-
orrhage in both cases. This suggests that the increase 
in BNP could be caused by intracranial haemorrhage. 
Nevertheless, many studies have not demonstrated a 
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symptomatic hyponatraemia is different. As already 
discussed, to lower the risk of the development of cer-
ebral oedema, serum sodium levels must be corrected 
rapidly in these patients, always strictly monitoring 
the sodium correction rate with a recommended limit 
of ≤ 10 mEq/L in 24 hours to prevent ODS (26). To 
minimize the risk of ODS, some authors suggested 
limiting serum sodium correction to ≤ 8 mEq/L in 
those patients with severe hyponatraemia and high-
risk features (i.e., alcohol use disorder, hypokalaemia, 
liver disease, and malnutrition) and supplementing 
 patients with thiamine if their dietary intake has been 
poor (26).

The prognosis of CSWS is strictly related to 
the clinician’s ability to recognize and diagnose it. 
A  misdiagnosis could trigger inappropriate treatments 
and the development of life-threatening complications 
(27, 28). For instance, patients with SAH have long 
been diagnosed with SIADH as the aetiology of hy-
ponatraemia and have been treated with fluid restric-
tion. Subsequently, it was discovered that this practice 
promoted the development of cerebral ischemia and 
infarction, increasing SAH-related morbidity and 
mortality (29).

Concerning the TBI population, there is lit-
tle evidence on prognosis in the literature. Only the 
case reports of CSWS reviewed provided informa-
tion on clinical outcomes: of the 10 patients reported 
in the review, only one died (13). More data needs 
to be  collected to estimate CSWS-related mortality 
correctly.

Conclusion

Hyponatraemia is the most common electrolyte 
disorder with significant morbidity and mortality. 
Severe hyponatraemia is infrequent but potentially 
life-threatening. Accurate diagnostic workup, us-
ing a step-by-step approach, and prompt treatment 
are mandatory to avoid fatal consequences, including 
ODS. Diagnostically, the initial step is to differentiate 
hypotonic from non-hypotonic hyponatraemia. Deter-
mining urine osmolality, urine sodium level and volume 
status are the following steps in differentiating hypo-
tonic hyponatraemia. Emergency clinicians should 

injury (traumatic or otherwise). SIADH and CSWS 
share many diagnostic criteria, and both can occur as 
a result of brain diseases. It is essential to distinguish 
between these two forms, as the treatments are oppo-
site. The patient’s volume status is the clinical feature 
that makes it possible to distinguish between the two 
disorders immediately. Patients with CSWS are typi-
cally hypovolemic, whereas patients with SIADH may 
be in a state of euvolemia or hypervolemia (10).

The pathophysiological approach proposed by 
Maesaka et al. may be useful in the differential diagno-
sis between SIADH and CSWS (21). The infusion of 
isotonic saline results in the correction of hyponatrae-
mia in patients with CSWS. Conversely, corrections 
of serum sodium values were not obtained in patients 
with SIADH. Fractional urate excretion is high in both 
groups, but decreases in SIADH when hyponatraemia 
is corrected, whereas it remains unchanged in CSWS.

Identifying HPRWSP as a natriuretic protein 
capable of causing CSWS could serve as a biomarker 
of this disease and simplify its diagnosis, as well as a 
potential therapeutic target (21).

Treatment and prognosis

The goal of treatment for CSWS is to restore 
 volume status and achieve consensual correction of 
 serum sodium (1,10). If extracellular volume decreases, 
baroreceptors are activated, and vasopressin is secreted 
to restore volume. This is more effective than the path-
way regulated by serum hypoosmolarity (24). Thus, 
despite hypo-osmolality, patients with CSWS remain 
hyponatraemic. For this reason, saline infusion can 
remove the volumetric stimulus for antidiuretic hor-
mone (ADH) secretion and allow hypo-osmolality to 
inhibit ADH secretion, increase free water excretion, 
and correct hyponatraemia.

Isotonic crystalloids (20 ml/kg/hour) with re-
peated measurement of serum sodium levels can be 
used for solving the problem. It is mandatory not 
to exceed the correction of 1.5-2 mmol in the first 2-3 
hours and 8–10 mmol in 24 hours, due to the high 
risk of developing ODS, a demyelinating disorder of 
the  central nervous system with irreversible conse-
quences (4, 25). The case of patients with CSWS but 
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