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Letter to the Editor

Check for

Syndrome of inappropriate antidiuresis as a maladaptive stress response shared by coronavirus SR

disease 2019 and other cytokine storm disorders

Dear Editor,

Hyponatremia is the most common electrolyte disorder in clinical
medicine and is associated with increased morbidity and mortality. The
syndrome of inappropriate antidiuresis (SIAD) is an important cause of
hyponatremia and has been linked to a wide variety of etiologies,
including inflammatory diseases.

In this letter, we summarize current evidence on hyponatremia in
coronavirus disease 2019 (COVID-19) and other cytokine storm disor-
ders, showing that hyponatremia represents a shared feature across
these conditions irrespective of pulmonary involvement, possibly as a
consequence of a maladaptive, cytokine-driven, stress response.

Arginin vasopressin (AVP) is a peptide produced by the hypothala-
mus, mainly released in response to hyperosmolality, resulting in the
reabsorption of solute-free water (antidiuresis).

The blood sodium level is tightly regulated by several brain areas,
namely circumventricular organs, which detect variations of osmolality
and engender behavioral (thirstiness) and endocrinological (AVP
secretion) responses. Nonetheless, clinically significant hyponatremia
may be caused by non-osmotic stimuli, including hypovolemia, pain,
and nausea [1]. Notably, compelling laboratory and clinical evidence
suggest a critical role of inflammation-related hyponatremia [1].
Indeed, proinflammatory cytokines, mainly IL-6, have been shown to
activate the central magnocellular AVP-secreting neurons in the hypo-
thalamus to produce non-osmotic, non-volume-mediated AVP release by
the so-called immune-neuroendocrine interplay, that may lead to
cytokine-driven SIAD [1].

COVID-19 is characterized predominantly by respiratory symptoms
and encompasses a broad spectrum of severities. Severe COVID-19 is
associated with cytokine storm, an acute systemic hyperinflammatory
condition defined by elevated cytokine levels and secondary organ
dysfunction, including acute respiratory distress syndrome and en-
cephalopathy [2,3].

Hyponatremia was frequently reported in hospitalized COVID-19
patients, ranging from 10 to 50% [4]. Although there are limited in-
vestigations on the etiopathogenesis of hyponatremia in this population,
SIAD has been proposed as a leading mechanism [4]. Increasing severity
of hyponatremia was identified as an independent risk factor for
in-hospital mortality and the need for invasive mechanical ventilation,
as well as encephalopathy [4], a recurrent manifestation of
COVID-19-associated cytokine storm [2,3]. Notably, multiple studies
have shown a direct correlation between serum IL-6 level and hypona-
tremia severity in COVID-19, suggesting that hyponatremia may be used
as a surrogate marker for the risk of cytokine storm and the need for
treatment with interleukin antagonists [4,5].

In addition to COVID-19, the cytokine storm umbrella encompasses
several disorders at the intersection of hematology, oncology,
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rheumatology, and virology. Although the primum movens of these
conditions differs, there are several shared clinical features and labo-
ratory abnormalities, including hyponatremia [2].

Chimeric antigen receptor T-cell (CAR-T) therapy is a novel treat-
ment for refractory malignancies, whose most common complications
are cytokine release syndrome (CRS), a framework model of cytokine
storm, and immune effector cell-associated neurotoxicity syndrome
(ICANS), a cytokine-mediated neuroinflammatory condition that shares
several features with COVID-19-related encephalopathy [3]. Hypona-
tremia is common in CAR-T therapy recipients (about 60% of patients),
where an inverse linear relationship between IL-6 and sodium levels has
been demonstrated [6]. Interestingly, lung involvement is typically not
observed in these patients, suggesting that cytokine storm is sufficient to
cause hyponatremia, irrespective of respiratory distress.

Hemophagocytic lymphohistiocytosis (HLH) is a cytokine storm
disorder characterized by fever, cytopenia, hepatosplenomegaly,
lymphadenopathy, and abnormal liver functions, usually triggered by an
infection in predisposed subjects. Laboratory findings in HLH often
include IL-6-related hyponatremia, and SIAD may even represent the
first manifestation [7].

Hematopoietic stem cell transplantation (HSCT) is another hemato-
logical condition in which elevated proinflammatory cytokines, notably
IL-6 and TNF-a, have been implied in the pathophysiology of SIAD.
Specifically, these cytokines have been reported to be elevated post
HSCT from an HLA-mismatched donor or unrelated donor [7].

Mild encephalopathy with a reversible splenial lesion (MERS) is an
infection-associated encephalopathy syndrome that typically occurs
following a viral infection [8], including COVID-19. In MERS, elevated
serum and CSF IL-6 levels represent a recurrent finding; accordingly, the
pathogenesis of MERS is characterized by a cytokine-mediated neuro-
inflammatory process triggered by the systemic inflammation caused by
a viral infection, similarly to COVID-19 and HLH-related encephalopa-
thy [3]. There are reports of many patients with hyponatremia related to
MERS, with sodium levels significantly reduced compared with those of
patients with mild upper respiratory infections, other types of enceph-
alopathy, and febrile seizures [8]. As systemic and pulmonary involve-
ment in MERS is typically negligible, this syndrome represents a clear
example of how a systemic and intracranial cytokine storm may be
independently related to hyponatremia.

We acknowledge that during inflammation and, perhaps more
importantly, a cytokine storm, several factors other than elevated
cytokine levels, particularly hypovolemia, may contribute to AVP
release and hyponatremia [1]. A contributing role of kidney injury may
also be present, yet hyponatremia is frequently reported in the absence
of concomitant renal impairment in cytokine storm disorders, including
COVID-19 [4].
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Other factors may be implied, such as hypoxic pulmonary vasocon-
striction and positive pressure ventilation in COVID-19 and disorders
with marked pulmonary involvement.

However, the recurrence of SIAD across cytokine storm disorders,
irrespective of lung involvement, and the presence of a correlation be-
tween cytokine storm intensity and hyponatremia, argue for a primary
pathogenic role of cytokine-driven AVP release in cytokine storm-
associated hyponatremia.

The human stress response has evolved to maintain homeostasis
under conditions of stress, and the hypothalamic-pituitary-adrenal axis
represents a key regulatory pathway of this response [9]. External or
interoceptive stressors, including systemic inflammation, are signaled to
the hypothalamus by cytokines, which act as potent neuromodulators.
Sickness behavior is an innate adaptive stress response orchestrated by
the hypothalamus, which leads an individual to display a general
disengagement from the environment and decreased motivation to
engage in rewarding activities, limiting the exposure to potential threats
and the risk of infecting relatives [10]. These evolutionarily conserved
changes also include reduced food and, notably, water intake. In this
context, inflammation-related AVP release leads to finalistic water
retention. Interestingly, AVP circuits in the central nervous system also
promote depressive behaviors and passive coping, consistently with the
anhedonia characteristic of sickness behavior [9,10]. These coordinated
responses reflect immune activation and may become maladaptive and
dangerous under particular conditions, similarly to other evolutionary
conserved responses meant to restore homeostasis [10]. This has already
been proposed for delirium, which represents a framework model of a
maladaptive sickness behavioral response following an inflammatory
stimulus [10]. Cytokine storm is characterized by a dysregulated im-
mune response to various triggers, leading to a release of more abundant
cytokines than expected in an organized, homeostatic response to a
stressor [2]. This excessive cytokine release may activate the hypotha-
lamic AVP-secreting neurons to produce a likewise disproportionate
non-osmotic, non-volume-mediated AVP release. In this biobehavioral
perspective, the excessive water retention leading to hyponatremia in
cytokine storm-related SIAD may represent a maladaptive response of
the hypothalamic-pituitary-adrenal axis to inflammation. This view-
point provides deeper insight into the pathophysiology of
cytokine-driven SIAD and may be applied to other manifestations
associated with cytokine storm.

Concluding, hyponatremia is a common, clinically relevant, yet
poorly examined feature of COVID-19 and other cytokine storm disor-
ders, that may develop irrespective of pulmonary involvement. Ac-
cording to the consistently observed direct correlation between serum
IL-6 levels and hyponatremia, the excessive cytokine-mediated AVP
release likely plays a major pathogenic role and might represent a
maladaptive response to the dysregulated immune activation. As the
only definitive treatment of SIAD is the elimination of its underlying
cause, immunotherapies arguably have a critical role in the
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management of cytokine storm-associated hyponatremia.
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