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Hyponatremia due to Cerebral Salt Wasting Syndrome during Bacterial Meningitis 
following External Ventricular Drainage (EVD) for a Posterior Fossa Tumor  

with Intracranial Hypertension: A Case Report

COL Thiome*1, MD Bah1, Y Ndoye1, H Bassama1, ET Niass1, MS Toure1, L Camara1, AB Faye1, 
I Kandji1, O Kane1

Clinical case

Hyponatrémie par syndrome de perte de sel d’origine cérébrale au cours d’une méningite 
bactérienne post dérivation ventriculaire externe (DVE) sur une tumeur de la fosse cérébrale 

postérieure en HTIC : à propos d’un cas

Résumé 
L’hyponatrémie est le trouble métabolique le plus 
fréquemment retrouvée, avec 38% des patients 
présentant un épisode au cours de leur hospitalisation. 
La population des patients de neuroréanimation 
est particulièrement à risque avec une prévalence 
évaluée à 50%. La responsabilité de la sécrétion 
inappropriée de l’hormone antidiurétique (SIADH) 
a été exclusivement retenue pendant de nombreuses 
années. Décrit pour la première fois par Peters et 
al en 1950, le syndrome de perte de sel d’origine 
cérébrale ou cérébral salt wasting syndrome (CSWS) 
correspond à une perte rénale de sodium survenant au 
cours d’une pathologie intracrânienne et conduisant 
à une hyponatrémie et à une diminution du volume 
plasmatique efficace. Nous vous présentons un cas de 
syndrome de perte de sel au cours d’une méningite 
bactérienne survenant trois jours après une dérivation 

ventriculaire externe (DVE) sur une tumeur de la 
fosse cérébrale postérieur en HTIC au service de 
neuroréanimation. Un patient hospitalisé pour la PEC 
d’une HTIC. Il a bénéficié d’une VCS puis d’une DVE. 
Cinq jours après l’intervention chirurgicale, le patient 
a présenté une méningite bactérienne postopératoire à 
Staphylococcus aureus Meti R. On notait un collapsus 
cardiovasculaire persistant avec précharge dépendance 
associé à une polyurie et une déshydratation globale. 
À ceci s’ajoutait, une hyponatrémie à 116 mmol/L 
avec une natriurèse élevée à 184 mmol/24 h. Le 
bilan rénal et échographie rénale étaient normaux. 
Après 48 heures de traitement, le patient a été 
soumis à une restriction hydrique en prévision d’un 
SIADH, avec persistance de l’hyponatrémie et de 
l’hyperdiurèse. Un traitement d’épreuve a été fait par 
perfusion de sel hypertonique et d’hydrocortisone. 
L’état neurologique s’est amélioré progressivement 
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et la natrémie s’est stabilisée secondairement à ce 
traitement. Le diagnostic de syndrome de perte de sel 
a été finalement retenu. L’évolution était favorable 
avec une amélioration de l’état neurologique.
Mots-clés : Syndrome de perte de sel, Hyponatrémie, 
Brain natriurétic peptide (BNP), méningite, tumeur 
cérébrale.

Abstract
Hyponatremia is the most frequently observed 
metabolic disorder, with 38% of patients experiencing 
an episode during their hospitalization. The neuro-
intensive care patient population is particularly at risk, 
with a prevalence estimated at 50%. For many years, 
the sole explanation was syndrome of inappropriate 
antidiuretic hormone secretion (SIADH). First 
described by Peters et al. in 1950, cerebral salt wasting 
syndrome (CSWS) corresponds to renal sodium loss 
occurring during an intracranial pathology, leading 
to hyponatremia and a decrease in effective plasma 
volume. We present a case of salt wasting syndrome 
during bacterial meningitis occurring three days after 
external ventricular drainage (EVD) for a posterior 
fossa tumor in the neuro-intensive care unit. The patient 
was hospitalized for the management of intracranial 
hypertension. He underwent central venous drainage 
followed by EVD. Five days after surgery, the patient 
developed postoperative bacterial meningitis caused 
by methicillin-resistant Staphylococcus aureus 
(MRSA). He presented with persistent cardiovascular 
collapse and preload dependence, associated with 
polyuria and general dehydration. In addition, he had 
hyponatremia (116 mmol/L) with elevated 24-hour 
urinary sodium excretion (184 mmol/24 h). Renal 
function tests and ultrasound were normal. After 48 
hours of treatment, the patient was placed on fluid 
restriction in anticipation of SIADH, but hyponatremia 
and hyperdiuresis persisted. A trial of hypertonic saline 
and hydrocortisone infusions was administered. His 
neurological status gradually improved, and his serum 
sodium level stabilized following this treatment. A 
diagnosis of salt-wasting syndrome was ultimately 
made. The patient’s condition improved, with further 

neurological improvement.
Keywords: Cerebral salt wasting syndrome (CSW), 
Hyponatremia, Brain natriuretic peptide (BNP), 
meningitis, brain tumor.

Introduction

Hyponatremia is the most frequently observed 
metabolic disorder, with 38% of patients experiencing 
an episode during their hospitalization [1]. The neuro-
intensive care patient population is particularly at 
risk, with a prevalence estimated at 50% [2].
The responsibility of the syndrome of inappropriate 
antidiuretic hormone secretion (SIADH) was 
exclusively retained for many years. However, other 
causes, such as the salt wasting syndrome or cerebral 
salt wasting syndrome (CSWS), could be involved. 
First described by Peters et al. in 1950 [2], cerebral 
salt wasting syndrome (CSWS) corresponds to 
renal sodium loss occurring during an intracranial 
pathology, leading to hyponatremia and a decrease 
in effective plasma volume [3]. The main mechanism 
relies on a particularly elevated secretion of natriuretic 
peptides. All intracranial affections can lead to CSWS 
[4].
We present a case of salt wasting syndrome during 
bacterial meningitis following external ventricular 
drainage (EVD) for a posterior fossa tumor with 
intracranial hypertension in the neuro-intensive care 
unit.

Clinical case

A 19-year-old patient, with a history of partial 
excision of a posterior fossa tumor, was hospitalized 
for the management of intracranial hypertension 
(ICH). Clinical examination revealed a typical ICH 
syndrome associated with clouding of consciousness. 
He underwent a ventriculostomy (VCS) then an EVD. 
Preoperative MRI is represented in Figure 1.
In the immediate postoperative period of the EVD, 
he presented with delayed awakening, motivating his 
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admission to intensive care.
Three days after hospitalization, he presented with 
a meningeal syndrome with persistent disorders of 
consciousness.
The examination had found:
• A GCS at 05/15 E4VxM1 under reserve of intubation 
• A cardiovascular collapse
• A meningeal syndrome
• A bilateral pulmonary condensation syndrome 
• A SIRS
The investigations performed allowed the diagnosis 
of bacterial meningitis with in the cerebrospinal 
fluid (CSF): 458 elements/mm³ including 56% non-
altered polymorphonuclear neutrophils (PMN) and 
25% altered polymorphonuclear neutrophils (PMN), 
19% lymphocytes, hyperproteinorachia at 0.64 g/L, 
hypoglycorachia at 0.39 g/L. CSF culture had isolated 
methicillin-resistant Staphylococcus aureus (MRSA).
The diagnostic workup for the bilateral pulmonary 
condensation syndrome led to an aspiration 
pneumonia.
The biological workup revealed a non-specific 
biological inflammatory syndrome with CRP at 333 
(unit) and hyperleukocytosis with WBC: 18,650 
elements/mm3. The patient was placed on appropriate 
antibiotic therapy with favorable evolution on the 
infectious level.
Five days after his admission, there was persistent 
cardiovascular collapse with preload dependence 
associated with polyuria with a diuresis quantified 

at 3.5 L/24h, i.e., 2.5 ml/kg/h. In addition, there was 
hyponatremia at 116 mmol/L (N: 135–145) with 
elevated natriuresis at 184 mmol/24 h. Albuminemia: 
17.7 g/L; Phosphatemia: 37.5 g/L; Magnesium: 16.8 
mg/L. Blood gases showed pH: 7.42; PaCO₂: 54; 
PaO₂: 186; HCO₃: 34. Renal workup was correct 
with Urea at 0.39 g/L and creatinine at 11 mg/L. 
Renal ultrasound was normal. BNP (Brain Natriuretic 
Peptide) as well as measurement of central venous 
pressure (CVP) could not be performed due to 
unavailability of the necessary means.
The patient was placed on fluid restriction at 500 
mL in the hypothesis of SIADH with persistence 
of hyponatremia and hyperdiuresis after 48 hours 
of treatment. A cerebral origin was thus evoked in 
view of the persistence of hyponatremia and elevated 
natriuresis despite fluid restriction. Given the 
unavailability of fludrocortisone, a trial corticosteroid 
therapy with hydrocortisone (100 mg IV) was 
initiated. In parallel, a continuous infusion of 3% 
hypertonic sodium chloride was administered, with 
therapeutic adjustment guided by close monitoring 
of serum sodium, diuresis, and volemic status. The 
neurological status gradually improved and serum 
sodium stabilized secondarily to this treatment. The 
evolution of serum sodium during hospitalization 
is represented in Table I. The diagnosis of CSWS 
was ultimately retained despite certain divergent 
biological criteria. We note that the patient’s consent 
was obtained for the publication of the case report.

Figure 1: Intracranial expansive process (ICEP) 
developed at the expense of the posterior fossa 
completely obstructing the 4th ventricle with active 
triventricular hydrocephalus.
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Discussion

We thus report a case of hyponatremia due to Cerebral 
Salt Wasting Syndrome during bacterial meningitis 
post-EVD for a posterior fossa tumor with intracranial 
hypertension.
Our patient presented with severe and persistent 
postoperative hyponatremia with low plasma 
osmolarity, elevated natriuresis, and elevated diuresis. 
There were also clinical and biological signs of 
dehydration, namely arterial hypotension responding 
to fluid resuscitation, dry mucous membranes, and 
hemoconcentration. The other causes of hyponatremia 
in this context were discussed and all eliminated, 
namely: SIADH, pseudohyponatremia, nephropathy 
with salt loss, adrenal and thyroid disorders. A 
fluid restriction performed twice for 24 hours was 
in favor of a CSW. We will address the differences 
between CSWS and SIADH (Table II). It is crucial to 
distinguish these two entities well, as the therapeutic 
approaches are totally opposite.
Severe cerebral lesions can lead to physiological 
modifications at the level of numerous systems of 
the organism, notably the cardiovascular system, the 
respiratory system, and the kidneys. The interactions 
are often bidirectional, which tends to aggravate 
the situation. Among the metabolic manifestations, 
hyponatremia is a very frequent hydro-electrolytic 
disorder. It is secondary to the cerebral lesion and in 
turn causes secondary cerebral aggression by decrease 
of plasma osmolality [5].

In the 1950s, this salt wasting syndrome was first 
described in patients presenting with significant salt 
loss at the urinary level without the corticotropic 
axis being involved. CSW classically presents as 
hypotonic hyponatremia with decreased effective 
plasma volume, with increased natriuresis. The main 
mechanism relies on a particularly elevated secretion 
of natriuretic peptides [4]. SIADH, on the other hand, 
is clinically defined as inappropriate retention of 
free water, either linked to inappropriate secretion 
of ADH, or linked to abnormal sensitivity of the 
collecting tubule to ADH. This results in an increase 
in extracellular fluid volume without modification of 
the sodium pool [6]. It can be delicate to distinguish 
SIADH and CSW, as there are numerous intermediate 
forms. Table II shows the comparison of biological 
and clinical parameters between the salt wasting 
syndrome and SIADH.
The vast majority of cases are associated with 
neurosurgical interventions: meningeal hemorrhage, 
brain tumors, pituitary adenomas, spinal cord trauma 
[6].
The diagnosis of CSW is sometimes based on 
negative sodium balance. According to some authors, 
a sodium deficit of more than 2 mmol/kg would 
imply contraction of the effective plasma volume, 
provided however that measurements begin from the 
first contact with medical care. However, patients 
with SIADH also develop a negative sodium balance 
[7]. There is therefore no sign that, taken in isolation, 
allows a certain diagnosis. The best approach remains 

Table I: Evolution of serum sodium and natriuresis

D0 D7 D23 Normal biological 
reference values

Serum sodium Na 
(mmol/L) 116 120 136 135 - 145

Blood osmolality 
(mmol/kg) 246 249 281 275 to 295

Natriuresis Na 
(mmol/24h) 394 92 100 to 200

Urinary osmolality 
(mmol/kg) 858 304 300 to 700
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that of active search for any sign of hypovolemia. 
Finally, to further complicate the picture, the two 
pathologies can sometimes succeed each other in the 
same patient.
Today, we have a better understanding of the 
mechanism of hyponatremia in CSW. Brain Natriuretic 
Peptide (BNP) is a 32 amino acid polypeptide that 
was originally identified in pig brain. Nevertheless, 
it is currently accepted that this peptide is of cardiac 
ventricular origin. The effects are close to ANP 
(Atrial Natriuretic Peptide) in terms of natriuresis 
and diuresis. Recent data show an association 
between the occurrence of a salt wasting syndrome 
and BNP levels, particularly in patients victims of 
subarachnoid hemorrhages [8]. The ouabain-like 
compound is potentially involved in CSWS, as 
experimentally, blocking of cerebral receptors by 

anti-digoxin antibodies prevents the genesis of a 
CSWS. Nevertheless, the correlation between plasma 
concentrations of the ouabain-like compound and the 
occurrence of a CSWS is weak. These preliminary 
data suggest that it probably plays a role in the 
genesis of CSWS, but that it is not the main renal 
effector [9]. Other mediators such as bradykinin, 
oxytocin, adrenocorticotropic hormone (ACTH), 
MSH, parathyroid hormone, and calcitonin induce 
natriuresis. The role of these substances in CSWS 
and their association with intracranial pathologies is 
controversial. The anatomical correlations between 
the location of the lesion and the occurrence of a salt 
wasting syndrome are weak. The cerebral zones most 
often involved are the hypothalamus, the terminal 
lamina, and the right parietal lobe [10].

Table II: Comparison between Salt Wasting Syndrome and Syndrome of Inappropriate ADH

Parameter Salt Wasting Syndrome SIADH

Serum sodium Hyponatremia Hyponatremia

Plasma osmolality Low Low

Natriuresis Markedly increased +++ Increased

Urinary osmolality High High

Diuresis Elevated Low

Plasma volume Decreased Elevated

Sodium balance Negative Variable

Dehydration Present Absent

Edema Absent Variable

Hematocrit Increased Decreased

Proteinemia Increased Normal

Conclusion

Hyponatremia is frequent in cerebral aggression patients, whether medical or spinal cord trauma patients. 
It is necessary to report hyponatremia due to cerebral salt wasting in the presence of meningitis and/or any 
other pathology of the cerebral nervous system, as demonstrated by our observation. The diagnosis is made 
on the basis of blood and urinary electrolytes and volemia. Unlike SIADH, treatment relies on hydro-saline 
rebalancing.
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