Reviews in Endocrine and Metabolic Disorders (2021) 22:317-324
https://doi.org/10.1007/s11154-021-09627-3

Check for
updates

Management of hyponatraemia and hypernatraemia
during the Covid-19 pandemic: a consensus statement of the Spanish
Society for Endocrinology (Acqua Neuroendocrinology Group)

Alberto Fernandez Martinez" @ - David Barajas Galindo” - Jorge Ruiz Sanchez?

Accepted: 7 January 2021 / Published online: 5 February 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract

SARS-COV2 infection has swiftly become a pandemic disease of historic relevance and widely variable outcomes. This variable
prognosis is related both to uneven damage, among others, to lungs, heart and kidneys, and to a multisystemic inflammatory
reaction. All these factors are known to disrupt water balance and potentially induce hyponatraemia or hypernatracmia. Water
balance disorders are known mortality and morbidity risk factors in several clinical scenarios and their proper management,
though often complex and hazardous, can reduce mortality and length of hospitalization. Clinical uncertainty over COVID-19
outcome, the variety of organs involved in both the infection and water balance and difficulties in clinical examination due to risk
of contagion might obstruct proper management of dysnatremic disorders. Thus, the Acqua Neuroendocrinology Group of the
Spanish Society for Endocrinology (SEEN) has endeavoured to provide evidence and expert based recommendations on the

management of hyponatraemia and hypernatraemia in COVID-19 patients.
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On January 30th 2020, the World Health Organization offi-
cially declared SARS-COV?2 infection(COVID-19) as a pan-
demic disease. As of today, over 84 million cases have been
confirmed, including over 1.848.000 deaths reported to WHO
[1] . COVID-19 is a disease with widely variable outcomes,
among which 19% develop severe disease [2].Adverse clini-
cal outcome correlates with multi-organ injury, maladaptive
functions of the renin-angiotensin-aldosterone system and
thirst and appetite abnormalities, all of which potentially dis-
rupt water homeostasis [3]. A number of case reports describ-
ing hyponatraemia of various etiologies was initially pub-
lished [4-7]. Later, a descriptive study of 16 patients with
COVID-19-related hospitalization found 50% of them had
hyponatraemia [8], whereas the HOPE study, an international
registry of 4664 hospitalized COVID-19 patients, found that
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20.5% and 3.7% had hyponatraemia and hypernatraemia, re-
spectively [9]: both hyponatraemia and hypernatracmia were
generally mild (130-134 mEq/l in 16.7%), severe
hyponatraemia (<120 mEq/l) was found only in 0.4%.
Multivariable logistic regression analysis showed that male
sex and age> 70 years were independently associated with
hyponatraemia at admission, whereas smoking, tachypnea
and serum creatinine >1.5 mg/dl bore a positive, independent
association with admission hypernatraemia. Finally, the
HOPE registry revealed that hyponatraemia was an indepen-
dent risk factor for mortality (OR 1.5, 95% CI 1.08-2.09; p=
0.016) and sepsis (OR 1.87,95% CI 1.23-2.66; p <0.001), as
was the case also for hypernatraemia (Mortality OR 2.38, 95%
CI 1.18-4.78; p=0.015. Sepsis OR 3.78, 95% CI. 1.98-7.22;
p<0.001) [9].

Patients with chronic disorders of water homeostasis, such
as diabetes insipidus (DI) or chronic hyponatraemia (CH) are
prone to suffering exacerbations of water imbalance during
COVID-19 pandemic, either due to the loss of follow-up in
non-infected patients with DI or chronic hyponatraemia or the
impact of SARS-COV2 infection on water homeostasis. Thus,
the European Society of Endocrinology published expert-
based recommendations on the management of diabetes
insipidus and hyponatraemia in the time of COVID-19 [10].
However, published literature on COVID-19 and its related
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complications increases swiftly; meanwhile, further waves
and incidence peaks are expected in the near future, and these
recommendations were based on preliminary data on the dis-
ease and require further coverage on practical aspects of fluid
and electrolyte balance in these patients.

According to published data and clinical expertise, patients
with DI or CH present additional challenges upon COVID-19
infection:

e COVID-19 induced hyponatraemia or hypernatraemia,
present in 20.5% and 3.7% respectively of hospitalized
COVID-19 patients without underlying water balance dis-
orders [9]

* Challenges in the management of DI or CH during
COVID-19 infection

* Limitations for the clinical evaluation due to risk of
contagion

* Pharmacological interactions between sodium directed
therapies (i.e. tolvaptan, desmopressin) and COVID-19
treatments (i.e. tocilizumab)

Management of patients with chronic water balance disor-
ders during COVID-19 pandemic requires careful consider-
ation of two opposing paradigms:

1) Careful follow-up and treatment of DI and CH patients,
who might worsen their water balance homeostasis if
SARS-COV?2 infection occurs

2) Reducing clinic attendance and non-urgent tests where
possible to avert patient’s risk of infection

Thus, the Neuroendocrinology Group of the Spanish
Society for Endocrinology (SEEN) has endeavoured to pro-
vide recommendations both for the chronic management of DI
and CH during this pandemic and for the evaluation of new-
onset water balance disorders in COVID-19 patients. Where
possible we have attempted to develop evidence-based guide-
lines, whereas expert-based consensus was provided when
evidence was lacking.

1 Specific risks in patients with chronic
hyponatraemia or diabetes insipidus
and COVID-19

Mismanagement of water balance disorders during acute ill-
ness can worsen morbidity and mortality [11, 12]. Thus, ade-
quate evidence-based treatment of CH or DI, as previously
described in European and American Hyponatraemia
Guidelines [13, 14] and in the European Society for
Endocrinology statement on the management of these disor-
ders during COVID-19 pandemic [10], may improve
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outcomes, including risk of hospitalization and therefore
SARS-COV?2 exposure.

COVID-19, particularly in severe forms, can induce nu-
merous electrolyte abnormalities that might be particularly
severe in patients with chronic water balance abnormalities
[2]. According to published literature, these are some of the
most common alterations that might complicate the manage-
ment of patients with water balance abnormalities and SARS-
COV2 infection:

a. Complications linked to the COVID-19 pandemic that
might worsen the outcome of patients with either DI or
CH:

* COVID-19-related electrolyte abnormalities:
hyponatraemia, hypernatraemia, hypokalemia, mixed
alcalosis (respiratory alcalosis due to hyperventilation,
metabolic alcalosis linked to hypovolaemia)

* Loss of follow-up of CH or DI due to patient’s and/or
health care worker fear of contagion or work overload
by the health care worker during COVID-19 outbreaks.

» Difficulties accessing water due to psychosocial factors,
such as social isolation during confinement and anxiety or
depression linked to outbreaks, can be particularly harm-
ful in CH and DI patients. Futhermore, water intake can
activate mesolimbic reward circuits in the central nervous
system, which could lead to psychogenic polydipsia in
these patients and ultimately worsen water balance [15].

b. DlI-specific risks during COVID-19 pandemic:

* Loss of follow-up during the pandemic might lead to un-
detected hyponatraemia due to desmopressin overdose,
particularly when administered through intranasal route
[16]. SARS-COV2 infection might also increase
antidiuresis. However, larger series with more in-depth
description of volume status and serum and urine electro-
lytes are required.

*  During SARS-COV2 infection, extrarenal water loses
might increase due to hyperpyrexia, hyperventilation
and/or diarrhoea and cause hypernatraemia. This could
worsen further if either the patient or health care workers
do not ensure timely administration of desmopressin and
monitorization of sodium levels take place regularly in
patients with DI [17].

» Patients with central DI often suffer as well from adrenal
insufficiency and hypothyroidism. Timely administration
of thyroid hormones and glucocorticoid replacement is
paramount, increasing the dose of glucocorticoids during
intercurrent illnesses as described in clinical guidelines
[18].

*  Obesity is common in patients with central DI, particularly
when other pituitary hormonal deficiencies or
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hypersecretion syndromes (i.e. Cushing’s disease) are
present. Obese patients suffer from worse COVID-19 re-
lated prognosis [19], which highlights the need to reduce
contagion risk in these patients.

Metabolic comorbidities in patients with central DI that
could worsen COVID-19 prognosis: diabetes mellitus, hy-
pertension, obstructive sleep apnea

Increased risk of thrombosis in DI due to hypernatraemia,
which might worsen during SARS-COV?2 infection, also
associated with hypercoagulability, or in non-infected pa-
tients due to confinement, increased weight and lack of
physical activity [20, 21]. Therefore, thromboprophylaxis
should be systematically considered in COVID-19 pa-
tients with chronic DI.

¢. Chronic hyponatraemia specific risks during COVID-19

pandemic:

iii.

a. Patients with chronic SIADH might suffer from de-
compensated hyponatraemia during COVID-19 infec-
tion due to thirst abnormalities during acute illness,
lack of treatment adherence (i.e. tolvaptan, urea...)
and/or treatment monitorization.

Changes in volume status during intercurrent illness, i.e.
hypovolaemia caused by vomiting or hyperpirexia with
increased perspiration. Both tolvaptan and urea are li-
censed for use during euvolemic hyponatraemia due to
SIADH, but patients with hyponatraemia might change
volume status during acute illness.

Chronic comorbidities common in patients with SIADH
that might worsen COVID-19 prognosis: cancer, respira-
tory disorders, central nervous system disorders...

2 Management of patients with DI
during COVID-19 pandemic

a.

Non-infected patients:

Outpatient follow-up according to clinical guidelines [11].
If patients have preserved thirst sensation and are capable
of regulating water intake and maintain treatment adher-
ence, follow up could be performed through telemedicine
(phone contact, videocalls...) with lab tests as required.
More stringent follow-up is indicated in the following sce-
narios: adipsic DI, neurocognitive impairment that con-
cerns water intake or previous episodes of hyponatraemia
due to desmopressin overdose.

b. COVID-19 in patients with chronic DI:
Cooperation between health care workers dealing
with COVID-19 and clinicians with expertise in water

balance disorders is paramount in this scenario. Some
aspects of DI treatment may vary according to
COVID-19 severity [2, 22]and water balance status
on presentation.

3 Mild or moderate COVID-19

Outpatients with chronic DI and mild to moderate
COVID-19 should at least have one blood and urine test
measuring osmolality, sodium, creatinine and potassium
during the acute phase and whenever the medical team has
identified significant changes in factors influencing water
balance (fever, loss of thirst sensation, hyperventilation...)
Hospital admission of COVID-19 patients with chronic
DI, besides following COVID-19 evolution, should be
implemented if there are significant changes in plasma
sodium levels, loss of thirst or new-onset neurocognitive
impairment that hinders outpatient management (see sec-
tion on “severe COVID-19")

Inpatient management: if admission is required for the
treatment of COVID-19,conscious patients with intact
thirst may maintain their usual desmopressin replacement
regime with daily monitoring of plasma and urine sodium,
potassium, creatinine and osmolality during the acute
phase of COVID-19 as inpatients. Samples should be ex-
tracted one hour before the morning doseof desmopressin.
It is strongly recommended that subjects with chronic DI
wear medical alert bracelets or cards and duly inform their
medical team of their condition at first contact. An exam-
ple of medical alert card for diabetes insipidus created by
our group is provided in Fig. 1.

4 Severe COVID-19 in patients with chronic DI

It is mandatory to check daily fluid balance: oral and par-
enteral fluid administration (including fluids needed to
administer parenteral drugs), diuresis and extrarenal fluid
losses (i.e. diarrhea, vomiting, fever...).

Daily monitoring of plasma and urine sodium, potasium,
creatinine and osmolality

Parenteral desmopressin administration should be first
choice in severe COVID-19 patients to ensure stable
and predictable desmopressin activity; conversion to par-
enteral doses should consider the pharmacokinetic bio-
equivalence among different administration routes: 1
mcg of parenteral desmopressin equals 10 mcg of intra-
nasal and 100 mcg of oral desmopressin; thus, a patient
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IMPORTANT

DIABETES
INSIPIDUS

SEEN O e

THIS PATIENT NEEDS DAILY
REPLACEMENT THERAPY
WITH DESMOPRESSIN.

If severely unwell, vomiting or
diarrhoea, give desmopressin at the
usual dose and check liquid balance

Name

Social security number / Contact
phone number and person

-

Fig. 1 Medical alert card for patients with diabetes insipidus

on chronic treatment with intranasal desmopressin 10
mcg bd should be initially changed to 1 mcg parenteral
DDAVP bd. It is advisable to ensure osmotic homeostasis
is maintained through at least daily monitoring of plasma
and urine osmolality [17]

If intercurrent illness or underlying chronic conditions
impair the patient’s ability to cover daily water, elec-
trolytes and/or nutrients needs through oral intake,
osmotic balance and nutritional status should be
maintained using parenteral route. Standard fluid re-
quirements include 25-30 ml/kg-day of water,
1 mmol/kg-day of potassium, sodium and chloride
and 100-150 g/day of glucose. If extrarenal water
loss increases, corrections should be implemented ac-
cordingly (diarrhea, vomiting...); i.e. daily water ad-
ministration should increase by 100 ml for each tem-
perature degree above 37 °C)

If the patient needs enteral or parenteral nutritional sup-
port according to stablished guidelines, water, electrolyte
and glucose replacement should be included in nutritional
formulations [23].

In obese patients with normal nutritional status, wa-
ter, glucose and electrolyte requirements will be tai-
lored to the patient’s ideal weight. Obesity often does
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not preclude malnutrition, which should be equally
screened and treated.

If a patient with chronic DI develops hyponatraemia dur-
ing COVID-19, three underlying factors should be iden-
tified and treatment:

Desmopressin overdose, that can be corrected reducing
the dose of DDAVP and monitoring clinical evolution
(consciousness, gait, speech...) and biochemical
evolution

Secondary adrenal insufficiency, common in patients with
central DI and whose under-replacement might lead to
hyponatraemia. To our knowledge, no case of adrenal
insufficiency due to SARS-COV?2 infection has been pub-
lished so far.

Patients with hypopituitarism often suffer from metabolic
comorbidities that make them prone to developing stress-
induced hyperglycemia during COVID-19. Hyperglycemia
might provoke increased osmotic diuresis and disturb water
balance, particularly in patients with chronic DI. This situa-
tion should be dealt with treating hyperglycemia according to
evidence-based guidelines and covering fluid losses orally or
parenterally. Desmopressin dose, however, should not be
modified if osmotic diuresis is the only factor altering water
balance unless hypernatraemia develops.

5 Management of patients with chronic
SIADH in COVID-19

a.

Non-infected patients:

Patients with chronic STADH should regularly receive
clinical examination that includes the assessment of
internal jugular vein pressure. These data are needed
to appraise dose changes and even interruption of
hyponatraemia pharmacotherapy (tolvaptan, urea...).
Thus, patients with pharmacologically treated and
chronic hyponatraemia are not fit for telemedicine
follow-up appointments wherever this is problem is
concerned.

Patients with chronic STADH usually suffer from malnu-
trition as well due to common precipitating factors
(multimorbidity). Malnutrition is an absolute contraindi-
cation for water restriction as a treatment for
hyponatraemia, as water-restricted dieting might worsen
nutritional outcomes. In patients with STADH and without
malnutrition, confinement and/or loss of social interaction
might also hinder adherence to water restriction; in this
situation pharmacotherapy for hyponatraemia should also
be considered according to stablished guidelines [9, 10].
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New-onset hyponatraemia and COVID-19:

Hyponatraemia, whatever the underlying causes, repre-
sents a risk factor for mortality and increased length of
hospitalization. Therefore, hyponatraemia should be iden-
tified and treated accordingly in COVID-19 patients [12]
Diagnosis of new-onset hyponatraemia in COVID-19 pa-
tients should initially include plasma and urine osmolality,
sodium and potassium and clinical assessment of volume
status. Further etiological tests should be guided by the
patient’s underlying conditions and risk factors, volume
status and evolution. COVID-19 might be associated with
multiple underlying disorders that might precipitate or ag-
gravate hyponatraemia (Fig. 2). Among those etiologies,
endocrinological assessment should include free thyrox-
ine and thyroid stimulating hormone measurement, as
COVID-19 can be associated with thyroid dysfunction
[24], as well as diagnostic tests for adrenal insufficiency
(9 am cortisol and/or synacthen test). Adrenal failure
might be elicited by direct SARS-COV?2 infiltration of
adrenal cells or by dexamethasone-induced adrenal
suprression [18, 25].

Patients suffering from COVID-19 should not be water-
restricted in order to treat hyponatraemia. SARS-COV2
infection is often associated with malnutrition, increased
perspiration and hyperventilation, and these factors may

aggravate the adverse effects of water restriction. [2, 3,
23].

Monitoring of COVID-19 patients with hyponatraemia
should include daily measurements of plasma and urine
sodium, potassium, creatinine and osmolality and clinical
assessment of volume status (measurement of internal jug-
ular vein pressure, intraocular pressure...). More intensive
monitoring could be required in patients with severe
hyponatraemia or those with rapidly evolving
hyponatraemia.

Hyponatraemia pharmacotherapy during COVID-19:

i. Indications for hyponatraemia pharmacotherapy in
COVID-19 patients: euvolemic hyponatraemia with
plasma sodium >120 mEq/l, after excluding adrenal
insufficiency and hypothyroidism. Most COVID-19
patients will not be suitable candidates for water
restriction as a treatment for hyponatraemia due to
malnutrition, loss of thirst and increased
extraurinary water loss. These patients should there-
fore be treated with tolvaptan or urea according to
clinical guidelines [13, 14].

ii. Treatment interactions between hyponatraemia and

SARS-COV2 pharmacotherapy: described in
Table 1 and for each drug in its specific section.

| HYPONATREMIA (Nap < 135 mmol/L)

>280 mOsm/kg: PSEUDO HYPONATREMIA:

= Hyperglycemia induced or aggravated by SARSCOV2
= Hyponatremia related to infectious hypergammaglobulinemia

HYPOVOLEMIA

EUVOLEMIA

..................................

<280 mOsm/kg: TRUE HYPONATREMIA

Clinical assessment of
Effective circulating volume

HYPERVOLEMIA

! 9n am Cortisol/Synacthen test

N

<20 mEq/L: >20 mEq/L: Normal:

* Extrarenal loss: * Renal sodium *SIADH

oDiarrhoea loss: o Inflammation(MIL-6)
oVomiting oDiuretics oNeumonia
oHyperpyrexia oAcute Kidney Injury oRespiratory stress
oHaemorrhage oHypoaldosteronism oDrugs

Fig. 2 Hyponatraemia diagnostic algorithm in COVID-19 patients

Decreased: <20 mEq/L: >20 mEq/L:

* Adrenal oHeart failure: oAcute tubular
insufficiency Myocarditis necrosis
oPrevious therapy with oliver failure

corticosteroids
olnfection related
adrenal failure
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Table 1 Pharmacological interactions between COVID-19 and hyponatraemia pharmacotherapy [28, 29, 33]
Hyponatraemia  Lopinavir/ritonavir ~ Tocilizumab Remdesivir Hydroxychloroquine Dexamethasone
drug
Tolvaptan 1Tolvaptan |Tolvaptan concentrations 1Tolvaptan None None

concentrations (CYP3A4 activation) concentrations

(CYP3A4 (CYP3A4

inhibition) inhibition)
Urea No clinical experience published in COVID-19
Furosemide - - - - Corticosteroids may

Thypokalemia

* Patients with plasma sodium <120 mEq/1 regardless of
their clinical status or> 120 mEq/l with severe neuro-
logical symptoms should be treated with hypertonic
saline serum according to published evidence-based
guidelines [13, 14]

* Euvolemic or hypervolemic hyponatraemia, particularly
with urine osmolality >350 mOsm/kg, may be treated with
loop diuretics after an oral load of 4-5 g of NaCl [26]

* Hypovolaemic hyponatraemia may be treated with isoton-
ic saline fluids, no more than 30 ml/kg-day to avoid hy-
percorrection [27].

c.1 Tolvaptan in COVID-19 patients:

* Initialdose: 7.5 mg/day

* Contraindicated if severe liver or kidney failure (Child C
orGFR <30 ml/min).

*  Precautions:

—  Treatment with lopinavir/ritonavir inhibits CYP3A4, a
potent pharmacological interaction with tolvaptan that in-
creases plasma levels of the latter and could increase its
acuaretic effect. Simultaneous use of both compounds
should be closely monitored [28]

—  Tocilizumab enhances CYP3 A4 activity, which could de-
crease tolvaptan’s circulating levels and its acuaretic ef-
fect [29]

— No significant interactions have been described between
hydroxychloroquine and any drug licensed for use in
hyponatraemia

¢.2 Urea in COVID-19:

No clinical experience has been published with urea in
SARS-COV2 infected patients with hyponatraemia
Warnings:

Urea may decrease thirst, treated patients should be mon-
itored, measuring intake and loss of fluids, changes in
thirst, urine volume and new-onset nocturia.
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c¢.3 Furosemide in COVID-19 patients:

+ Patients with euvolemic or hypervolemic hyponatraemia
with urine osmolality >350 mOsm/kg.

* Furosemide may exacerbate hypokalemia in COVID-19
patients, who also display high activity of the renin-
angiotensin-aldosterone axis [3, 30].

6 Management of hypernatraemia
in COVID-19

Hypernatraemia is a common laboratory abnormality in
COVID-19 patients, found in 3,7% of patients hospitalised
due to COVID-19 in the HOPE registry [9]. Similarly to
hyponatraemia, increased plasma sodium levels are an adverse
prognostic factor in non-COVID patients although this awaits
confirmation in COVID-19 series. Hypernatraemia in
COVID-19 develops due to an inbalance between increased
water loss (hyperpyrexia, diarrhoea, vomiting, polyuria due to
hyperglycemia or acute kidney injury...) and decreased water
supply (anorexia with adipsia, altered consciousness, insuffi-
cient parenteral replacement...) [31, 32].

Diabetes insipidus as a direct consequence of SARS-COV2
has not been pathophysiologically described so far. Therefore,
while awaiting descriptive studies of hypernatraemia in this
population, it could be safely assumed that COVID-19 pa-
tients with hypernatraemia mostly suffer increased extrarenal
water loss.

Treatment of hypernatraemia in COVID-19 patients is sim-
ilar to that described in the general population, based on par-
enteral fluid replacement [31].

General recommendations:

* Thrombosis prevention: hypernatraemia and SARS-
COV2 infection are both independent thrombosis risk fac-
tors. If no contraindication is found, low weight heparine
profilaxis should be initiated on admission.

e Plasma and urine sodium measurement every 12-24 h
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Objective: reduction of sodium levels <10 mEq/l every
24 h to reduce the risk of cerebral edema
Severe hypernatraecmia with loss of consciousness

Dextrose 5% serum at 1.35 ml/kg-hour

If there is clinical hypovolaemia, administer isotonic se-
rum (saline serum 0,9% or Ringer) parallel to dextrose at
30 ml/kg/day to increase effective circulating volume.
Patients with increased risk of cerebral edema (liver fail-
ure, heart failure) may receive instead saline serum 0,45%
at 30 ml/kg-day.

Data availability not applicable.
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