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ABSTRACT

Background: SARS-CoV-2 infection is frequently associated with hyponatremia (plasma sodium
<135 mmol/L), being associated with a worse prognosis. The incidence of hyponatremia is estimated
to be 20-37% according to the series, but there are no data on the prognosis after correction of hypona-
tremia. Therefore, our objectives were: to analyse the incidence and severity of hyponatremia at hospital
admission, and to determine the association of this hyponatremia with the prognosis of COVID-19.
Methods: Observational and retrospective cohort study. Patients who were admitted with a diagnosis
of COVID-19 infection and hyponatremia, in the period March-May 2020, were included. We recorded
epidemiological, demographic, clinical, biochemical, and radiological variables of SARS-CoV-2 infection
and hyponatremia at the time of diagnosis and during hospitalization. The clinical follow-up ranged from
admission to death or discharge.
Results: 91 patients (21.8%) of the 414 admitted for SARS-CoV-2 infection presented hyponatremia
(81.32% mild hyponatremia, 9.89% moderate and 8.79% severe). The absence of correction of hypona-
tremia 72-96 h after hospital admission was associated with higher mortality in patients with COVID-19
(Odds Ratio 0.165; 95% confidence interval: 0.018—-0.686; p=0.011). 19 patients (20.9%) died. An increase
in mortality was observed in patients with severe hyponatremia compared with moderate and mild
hyponatremia during hospital admission (37.5% versus 11.1% versus 8.1%, p=0.041).
Conclusion: We conclude that persistence of hyponatremia at 72-96 h of hospital admission was associ-
ated with higher mortality in patients with SARS-Cov-2.

© 2021 Elsevier Espafia, S.L.U. All rights reserved.
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Impacto de la correccion temprana de la hiponatremia en el prondstico de la
infeccion del sindrome respiratorio agudo grave del coronavirus 2
(SARS-CoV-2)

RESUMEN

Introduccion: La infeccién por SARS-CoV-2 se asocia con frecuencia con hiponatremia (sodio plasmatico
<135 mmol/l), relacionandose con peor prondstico. La incidencia de la hiponatremia se estima en 20-37%
segln las series, pero no existen datos sobre el pronéstico tras la correccién de la hiponatremia. Por ello,
nuestros objetivos fueron: analizar la incidencia y gravedad de la hiponatremia al ingreso hospitalario, y
determinar la asociacién de dicha hiponatremia con el prondstico del COVID-19.
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Material y método: Estudio de cohorte observacional y retrospectivo. Se incluyeron pacientes que ingre-
saron con diagnéstico de infeccién por COVID-19 e hiponatremia, en el periodo marzo-mayo 2020.
Registramos variables epidemiolégicas, demograficas, clinicas, analiticas y radiolégicas de la infeccion
por SARS-CoV-2 e hiponatremia al momento del diagnéstico y durante la hospitalizacion. El seguimiento
clinico comprendié desde el ingreso hasta el exitus o el alta.

Resultados: 91 pacientes (21,8%) de los 414 ingresados por infeccién del SARS-CoV-2 presentaron hipona-
tremia (81,32% hiponatremia leve, 9,89% moderada y 8,79% grave). La ausencia de correccién de la
hiponatremia a las 72-96 horas del ingreso hospitalario estuvo asociado a mayor mortalidad en los
pacientes con COVID-19 (OR 0,165; 95% intervalo de confianza: 0,018-0,686; p=0,011). Fallecieron 19
pacientes (20,9%). Se observé un aumento de la mortalidad en pacientes con hiponatremia grave en
comparacién con hiponatremia moderada y leve durante el ingreso (37,5% versus 11,1% versus 8,1%,
respectivamente, p=0,041).

Conclusiones: La persistencia de la hiponatremia tras las primeras 72-96 horas del ingreso hospitalario

fue asociada a mayor mortalidad+- en los pacientes con SARS-Cov-2.

© 2021 Elsevier Espafia, S.L.U. Todos los derechos reservados.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection has a variable clinical spectrum, ranging from an asymp-
tomatic carrier state, anosmia, ageusia or mild upper respiratory
tract disease to severe pneumonia that can lead to acute respira-
tory distress syndrome, severe respiratory failure accompanied by
various extrapulmonary manifestations including multi-organ fail-
ure with cardiovascular, neurological, renal involvement and even
death!2.In addition, renal injury may be associated with abnormal-
ities in the mechanisms involved in regulating sodium and water
balance.

Hyponatraemia defined as plasma sodium levels Na*
<135mmol/l is the most common electrolyte abnormality in
hospitalised patients®. The risk of death during hospital admission
is increased by more than 50% compared to patients with normal
sodium levels®. A prevalence of hyponatraemia of up to 28-30%
has been described in patients admitted with community-acquired
pneumonia (CAP), increasing the risk of mortality and admission
to intensive care units (ICU) and prolonging hospital stay, in
addition to generating a significant economic burden for the
health system>®. The risk of hyponatraemia occurrence in patients
with CAP varies according to the causative pathogen in up to 46%
of patients with Legionella pneumophila infection compared to
14% of patients with CAP caused by other pathogens’, while the
incidence of hyponatraemia in patients with coronavirus disease
of 2019 (COVID-19) described in recent cohorts ranges from 20%
to 37%%-10. In addition, an association of hyponatraemia with
higher mortality from COVID-19 has been described in American
and Chinese cohorts. That is why recent studies have attempted
to associate hyponatraemia as a marker of poor prognosis in these
patients!!12,

It should be noted that up to 60% of SARS-CoV-1 patients
had watery diarrhoea associated with mild hyponatraemia, sec-
ondary to virus replication within intestinal epithelial cells'>.
Initially, several case reports described the association between
syndrome of inappropriate antidiuretic hormone secretion (SIADH)
and sodium loss in stool as the most common etiological agents
of COVID-19'4-16, To date, the possible underlying pathophys-
iological mechanisms are unknown, and it is unclear whether
hyponatraemia is caused by a specific involvement of COVID-19
or secondary to the respiratory complication of the infectious con-
dition.

However, at present there is no information available regard-
ing the impact on mortality risk and poor prognosis in patients
with COVID-19 after correction of hyponatraemia. Furthermore, it
is important to correctly manage hyponatraemia caused by easily
reversible mechanisms, as effective intervention can result in over-
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correction (hypernatraemia) and associated sequelae, including
haemorrhage, arrhythmia and osmotic demyelination syndrome!”.
Therefore, our objectives were: to analyse the incidence and sever-
ity of hyponatraemia on admission for COVID-19 in our hospital and
to determine the association of hyponatraemia with prognosis.

Material and methods
Study design

Single-center, retrospective, observational cohort study. All
consecutive patients over 18 years of age who were admitted
to our hospital with a diagnosis of SARS-CoV-2 infection from
15 March to 15 May 2020, who also had a diagnosis of hypona-
traemia, were included. The diagnosis of COVID-19 was defined by
a positive quantitative real-time polymerase chain reaction (RT-
PCR) in a nasopharyngeal swab for SARS-CoV-2 virus, according to
the criteria proposed by the Spanish Ministry of Health technical
document'® and using the Seegene COVID-19 kit.

Ethical principles

The study complied with the principles set forth in the Dec-
laration of Helsinki and was approved by the Drug Research
Ethics Committee of our hospital. The application for a waiver of
informed consent was approved, providing a detailed justification,
while protecting the patients’ right to privacy at all times. Data
on hospitalization, clinical and demographic characteristics were
obtained from hospital records and electronic medical records of
the included patients. All data were collected anonymously and
none of the authors were the patients’ attending physicians.

Definition of variables

The following variables were recorded for the study: the
patients’ pre-admission comorbidities, clinical, laboratory and radi-
ological data on SARS-CoV-2 infection at the time of diagnosis and
during hospitalisation and, finally, data related to hyponatraemia.

The comorbidities recorded were hypertension (HTN), type
2 diabetes mellitus (DM2), obesity (defined as body mass
index>30kg/m?2), dyslipidaemia, smoking, obstructive sleep
apnoea syndrome (OSAS), chronic obstructive pulmonary disease,
asthma, obstructive uropathy and cancer. Chronic kidney disease
(CKD) was classified based on the estimated glomerular filtration
rate (eGFR) using the Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) equation, as recommended by the Kidney Improving
Global Outcomes international group. CKD was considered when
eGFR < 60 mL/min/m? (stages G3-G5). History of antihypertensive
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Epidemiological characteristics, comorbidities and antihypertensive treatment of patients stratified by 3 different serum sodium levels.

Variable Total Sodium concentration
(n=91)
130-135 mmol/l 126—-129 mmol/l <125 mmol/l P-value
(n=74) (n=9) (n=8)

Sex, n (%) Males 64 (70.3) 54(72) 6(66.7) 4 (50) -

Age (mean £ SD) 68.9+15.1 67.9+15.1 72.6 £17.6 743+12.8 0.399

Comorbidities, n (%) CKD 11(12.1) 7(9.5) 3(33.3) 1(12.5) 0.116
3a 2(2.2) 1(1.35) 0(0) 1(12.5) 0.029
3b 7(7.7) 4 (5.4) 3(33.3) 0(0)
4 2(2.2) 2(2.7) 0(0) 0(0)
HTN 50 (55) 38 (51.35) 6(66.7) 6(75) 0.335
Obesity 10(11) 0(16.2) 0(0) 0(0) 0.275
DM 2 27 (29.67) 5(33.8) 0(0) 2(25) 0.106
Dyslipidemia (33) 25 (33.8) 2(22.2) 3(37.5) 0.753
Cancer 20 (22) 17 (23) 1(11.1) 2(25) 0.703
Asthma 1(1.1) 1(1.4) 0(0) 0(0) 0.890
COPD 4(4.4) 2(2.7) 1(11.1) 1(12.5) 0.257
Smoking 16 (17.58) 13(17.6) 1(11.1) 2(25) 0.756
OSAHS 3(3.3) 3(4.1) 0(0) 0(0) 0.700
Obstructive uropathy 2(2.2) 2(2.7) 0(0) 0(0) 0.791

Previous treatment, n (%) ACEI 20(22) 13 (17.6) 2(22.2) 5(62.5) 0.014
ARB 13(14.3) 11 (14.9) 1(11.1) 1(12.5) 0.944

ARB: angiotensinll receptor blocker; SD: standard deviation; DM 2: diabetes mellitus type 2; COPD: chronic obstructive pulmonary disease; CKD: chronic kidney disease
according to the Kidney Improving Global Outcomes (KIDGO) classification; HTN: arterial hypertension; ACEI: angiotensin converting enzyme inhibitor; n: number of patients;

%: percentage.

treatment with angiotensin-converting enzyme inhibitor (ACEI) or
angiotensin Il receptor blocker (ARB) was recorded.

Regarding variables related to SARS-CoV-2 infection, in cases
where the initial RT-PCR was negative and the clinical suspicion
remained high, a second RT-PCR and/or chest computed tomog-
raphy (CT) scan was performed. The radiological diagnosis of
pneumonia, the treatment used, and the presence of diarrhoea were
included. In addition, severity of infection was defined according to
the technical document of the Spanish Ministry of Health!8, with
COVID-19 critical status being the need for mechanical ventilation
or other criteria for ICU care (respiratory failure, septic shock and/or
multi-organ failure). COVID-19 outcome was also recorded as death
from hospital admission to discharge or post-hospitalisation con-
trol 3 months after hospital discharge.

Regarding the variables related to hyponatraemia, at least one
measurement of plasma sodium concentration was obtained at
hospital admission. Hyponatraemia values were corrected with
glycaemia, for every 100 mg/dl increase in glucose we used a cor-
rection factor of 1.7mmol/l in plasma sodium'®. Patients were
classified into 3 groups according to the severity levels of hypona-
traemia at hospital admission: mild hyponatraemia was defined as
natraemia between 130 and 135 mmol/l, moderate between 125
and 129 mmol/l and severe if Na* values were less than 125 mmol/l.
The correction of hyponatraemia was performed according to the
recommendations of the current clinical guidelines?°. There was
no regularity in the natraemia controls; they were carried out
according to the criteria of the attending physicians. Serum sodium
was collected longitudinally on the day of admission, 24—48 h and
72-96 h after hospital admission.

Statistical analysis

Descriptive statistics were used for the presentation of vari-
ables. Non-parametric quantitative variables were expressed as
medians and interquartile ranges, while parametric quantitative
variables were expressed as means and standard deviations. The
Kolmogorov-Smirnov test was used to assess the distribution of the
variables. The single-factor analysis of variance (ANOVA test) was
used for continuous variables when normality and homogeneity of
variance were met. Otherwise, the nonparametric Mann-Whitney
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U or Kruskal-Wallis test was used. In addition, cross-tabulations
were generated, using the Chi-square test and Fisher’s exact test
in the analysis of categorical variables. In order to analyse the
association between correction of hyponatraemia and in-hospital
mortality from COVID-19, the Chi-square and Student’s t tests were
used, and a multivariable model was subsequently generated using
Cox regression. All statistical tests were considered bilateral and
significant values were those with a bilateral p < 0.05. The data were
analysed with the statistical software SPSS-IBM (version 21.0).

Results

A total of 414 patients were admitted to our hospital between
15th March and 15th May 2020 with a diagnosis of COVID-19, with
a positive RT-PCR test for SARS-CoV-2. The incidence of hypona-
traemia <135 mmol/l was 21.98% (n=91), with a mean age of
68.9 +15.1 years, increasing according to the severity of hypona-
traemia. 70.3% of our sample were male. The mean hospital stay
was 13 days (IQR: 7-38). The most common comorbidities were:
HTN (55%), dyslipidaemia (30.3%) and DM2 (29.7%), while CKD
(eGFR< 60 ml/min) was observed in 11 patients (12.1%). 22% and
13% of the patients had received prior antihypertensive treatment
with ACEIs and ARBs, respectively. The rest of the baseline charac-
teristics are described in Table 1.

The patients were classified into 3 groups according to the
degree of hyponatraemia at hospital admission: 74 patients
(81.32%) had mild hyponatraemia, 9 patients (9.89%) moder-
ate hyponatraemia, and 8 patients (8.79%) severe hyponatraemia
(Table 1). A statistically significant relationship was found
(p=0.029) between the severity of hyponatraemia and the stage of
CKD, with stage 3 b being the most common in 7 (7.7%); distributed
in 4 (5.4%) and 3 (33.3%) in mild and moderate hyponatraemia,
respectively, as well as with treatment with ACEls: 13 (17.6%), 2
(22.2%) and 5 (62.5%) in the mild, moderate and severe hypona-
traemia group, respectively (p=0.014) (Table 1).

There were no statistically significant differences between
hyponatraemia groups in terms of serum glucose, urea, cre-
atinine, uric acid, troponin, creatine phosphokinase, calcium,
phosphorus, potassium, thyroid hormones and fibrinogen. Procal-
citonin (1.8 +2 ng/mL), C-reactive protein (6.5 + 3.1 mg/dl), lactate
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Variable Overall (n=91) Sodium concentration p-value
130—135 mmol/l 125—-129 mmol/l <125 mmol/l
(n=74) (n=9) (n=8)

Laboratory values (mean =+ SD) Na* (mmol/l) 131.11+£3.8 132.68+1.3 127.11+14 121.13+3 -
Na* adjusted to glucose (mmol/l) 131.6+4 1332+14 127.3+1.3 121.3+£1.2 -
Glucose (mg/dl) 15494919 162.2+97.9 130.6 £57.1 114.9+42 0.265
Urea (mg/dl) 55.7+40.2 55.2+38.9 70.3+48.4 4394437 0.392
Creatinine (mg/dl) 12+1.2 1.1+£1.1 1.7+£19 1+£0.7 0.348
Uric acid (mg/dl) 53+2.6 52+2 74+6.2 42421 0.106
LDH (IU/1) 362.5+252.5 347.2+158 351.2+124 513 +708.7 0.211
Troponin (ng/mL) 29.6+24.3 26.7+21.2 22.3+23.6 51.3+36.7 0.246
CPK (pmol/l) 2234+815.2 224.3 +887.7 2384+256.1 197.71+£211.5 0.996
Ca*? (mmol/l) 82+14 83+14 74422 7.9+0.73 0.280
P*3 (mg/dl) 33+0.8 33+0.8 3.7+0.9 32406 0.327
K* (mmol/l) 59+12.6 62+14 4.8+05 45408 0.902
Cl— (mmol/l) 93.7+10.3 94.7 £10.7 93+5.6 84.7+6 0.032
Plasma osmolarity 280.1+12 283.6+9.1 273.2+9.2 2559+9 -
Procalcitonin (ng/mL) 0.8+2.8 0.8+3 0.3+0.3 1.8+2 0.639
CRP (mg/dl) 19+56.5 21.7+62.3 8.1+6.7 6.5+3.1 0.664
Ferritin (ng/mL) 1446.9 +3494.7 1056.2 +820.3 1219.3+715.2 5825.7+12313 0.05
TSH (punits/mL) 21+2.8 1.7+£15 14+12 51+6.5 0.066
T4 (ng/dl) 1.3+£0.35 14+04 14+04 1.1+03 0.534
Fibrinogen (mg/dl) 638.3+198.3 644.5+1954 674.7 £209.7 543.5+210.2 0.337
D-dimer (ng/mL) 2076.6+2973.3 2056.6 +2747.6 1017.9+712.5 3297.84+5341.9 0.310

Ca*?: serum calcium; Cl-: serum chloride; CPK: creatinine phosphokinase; SD: standard deviation; K*: serum potassium; LDH: lactate dehydrogenase; n: number of patients;
Na*: plasmatic sodium; P*3: Serum phosphate; CRP: C-reactive protein; T4: free thyroxine; TSH: thyroid stimulating hormone.

Table 3
Clinical characteristics and degrees of severity of the 2019 coronavirus disease in patients stratified by 3 different serum sodium levels.
Variable Total Sodium concentration P-value
n=91(100%)
130-135 mmol/l 125-129 mmol/l <125 mmol/l
n=74(81.3%) n=9 n=_8(8.8%)
(9.9%)
COVID diagnosis RT-PCR 66 (72.5) 56 (75.7) 5(55.6) 5(62.5) 0.355
SARS-CoV-2
Clinical signs and 25(27.5) 18 (24.3) 4(44.4) 3(37.5)
symptoms
COVID-19 severity, n (%) Mild 12(13.2) 10(13.5) 1(11.1) 1(12.5) 0.012
Moderate 14 (15.4) 14 (18.9) 0(0) 0(0)
Severe 54 (59.3) 43 (58.1) 8(88.9) 3(37.5)
Critical 11(12.1) 7(9.5) 0(0) 4 (50)
Clinical, n (%) Pneumonia 87(95.6) 74 (100) 8(88.9) 5(62.5) 0
Unilateral infiltrates 7(7.7) 5(6.8) 1(11.1) 1(12.5) 0
Bilateral infiltrates 80 (87.9) 69 (93.24) 7(77.8) 4 (50)
Diarrhoea 23(25.3) 19(25.7) 1(11.1) 3(37.5) 0.450
Readmissions 0 77 (84.6) 63 (85.1) 7(77.8) 7 (87.5) 0.274
1 10(11) 8(10.8) 1(11.1) 1(12.5)
2 1(1.1) 1(1.4) 0(0) 0(0)
3 2(2.2) 2(2.7) 0(0) 0(0)
4 1(1.1) 0(0) 1(11.1) 0(0)

n: number of patients; RT-PCR: quantitative real-time polymerase chain reaction; SARS-CoV-2:severe acute respiratory syndrome coronavirus 2%: percentage.

dehydrogenase (513 +708.7UI/1), thyroid stimulating hormone
(5.1+6.5U/mL) and D-dimer (3. 297.8 +£5,341.9ng/mL) showed
higher values in patients with severe hyponatraemia compared
to the rest of the groups, without being statistically signifi-
cant (Table 2). Mean serum chloride values were significantly
lower (84.7 + 6 mEq/l, p=0.032) and significantly higher ferritin
(5825.7+1231.3, p=0.05) in the severe hyponatraemia group
(Table 2).

95.6% of the patients developed pneumonia, of these 80 (87.9%)
patients developed pneumonia with bilateral infiltrates. Twenty-
three (25.3%) suffered from diarrhoea, with this being more
frequent in patients with severe hyponatraemia (37.5%). COVID-
19 critical status was observed in 11 patients (12.1%); 7 of them
had mild hyponatraemia (9.5%) and the remaining 4 had severe
hyponatraemia (50%) (p=0.012) (Table 3).
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Regarding the treatment of SARS-Cov-2 infection, hydroxy-
chloroquine was the most used drug during hospital admission
in 89% of cases, maintaining this prevalence in the 3 hypona-
traemia groups, followed by azithromycin (67%), dexamethasone
(65.9%), interferon (41.8%) and lopinavir-ritonavir (37.4%). 58.2%
of the patients were treated with low molecular weight heparin
(LMWH) (Table 4).

Nineteen patients (20.9%) died, 10 of them during admission
and the remaining 9 after hospital discharge. An increased mortal-
ity was observed in patients with severe hyponatraemia compared
to the moderate and mild hyponatraemia group (50% versus 22.2%
versus 17.6%, respectively, p =0.10). This result was statistically sig-
nificant with respect to in-hospital mortality (37.5% versus 11.1%
versus 8.1%, respectively; p=0.041). Of the 19 patients who died,
the mean survival was 19.5 days (Table 5).
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Table 4
Treatment received by patients with coronavirus disease 2019 stratified by 3 serum sodium levels.
Variable Total Sodium concentration P-value
n=91(100%)
130-135 mmol/l 125-129 mmol/l <125 mmol/l
n=74(81.3%) n=9(9.9%) n=_8(8.8%)
Treatment received, n (%) Hydroxychloroquine 81(89) 66 (89.2) 8(88.9) 7 (87.5) 0.989
Azithromycin 61(67) 51 (68.9) 6(66.7) 4 (50) 0.557
Ritonavir/lopinavir 34(37.4) 1(41.9) 3(33.3) 0(0) 0.064
Steroids 60 (65.9) 51 (68.9) 6(66.7) 3(37.5) 0.204
Cyclosporine 9(9.9) 8(9.8) 0(0) 1(12.5) 0.571
Interferon 38(41.8) 36 (48.6) 2(22.2) 0(0) 0.014
Heparin 53(58.2) 42 (56.8) 5(55.6) 6(75) 0.601
Co-trimoxazole 1(1.1) 1(1.2) 0(0) 0(0) 0.890
Ceftriaxone 38 (41.76) 29 (39.2) 4(44.4) 5(62.5) 0.440
n: number of patients; %: percentage.
Table 5
Mortality of patients with coronavirus 2019 disease stratified by 3 serum sodium levels.
Variable Total Sodium concentration P-value
n=91 (100%)
130-135 mmol/l 125-129 mmol/l <125 mmol/l
n=74(81.3%) n=9 n=8
(9.9%) (8.8%)
Death, n (%) Totals 19(20.9) 13(17.6) 2(22.2) 4 (50) 0.100
At admission 10(11) 6(8.1) 1(11.1) 3(37.5) 0.041
After admission 9(9.9) 7(9.5) 1(11.1) 1(12.5) 0.955
Survival in days (mean + SD) 19.5+18 16.8+14.4 15+9.9 30.5+29.6 0.405
SD: standard deviation; n: number of patients; %: percentage.
Table 6
Multivariate Cox regression adjustment model of natraemia correction at 72-96 h adjusted for age, sex, baseline creatinine and D-dimer.
P-value HR 95.0% CI for HR
Lower Higher
Na+ correction at 72—96 h 0.019 0.149 0.030 0.735
Sex 0.728 1.335 0.262 6.798
Age at admission 0.903 0.997 0.948 1.048
Serum creatinine; mg/dl 0.233 1.258 0.863 1.833
D-dimer; ng/mL 0.010 1.000 1.000 1.000

HR: hazard ratio; Cl: confidence interval; Na*: plasma sodium.

Hyponatraemia correction at 24—-48 h had no significant rela-
tionship with survival on univariate analysis (odds ratio [OR]:
0.425[0.096-1.777]; 95% confidence interval [CI]; p=0.206), while
correction at 72—-96h had a statistically significant association
with survival (OR: 0.185 [0.042-0.812]; 95% CI; p=0.024). This
relationship was maintained in a Cox regression model that
included variables related in other studies to mortality in COVID-
19 disease such as age, sex and D-dimer. In addition, baseline
creatinine was included as it also had a statistically significant
association with mortality and potentially with sodium levels
(Table 6).

Discussion

This longitudinal retrospective cohort of 414 hospitalised
patients with a diagnosis of COVID-19 demonstrates a high
incidence of hyponatraemia<135mmol/l at hospital admission
of 21.98%, with mild hyponatraemia being the most frequent
in 81% of cases, which coincides with data published by
other cohorts®921-23, such as the Health Outcome Predictive
Evaluation for COVID-19(HOPE-COVID-19) study, a multicentre
study of 37 hospitals in 7 countries, with Spanish collabo-
ration, where 25% of patients hospitalised for COVID-19 had
hyponatraemia'?. Tzoulis et al.?? recently published a retrospec-
tive study of 488 hospitalised COVID-19 patients, mean age
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68 years, from 2 London hospitals between February and May
2020; hyponatraemia at admission was 24.6%, coinciding with our
data.

Various mechanisms have been postulated as leading to an
increased prevalence of hyponatraemia in non-COVID-19 CAP
patients, such as SIADH, some drugs such as diuretics and cer-
tain pathogens such as Legionella pneumoniae**. According to
previously published results in case reports and descriptive stud-
ies, SIADH appears to be the main cause of COVID-19-associated
hyponatraemia??, according to the diagnostic criteria proposed by
Bartter and Schwartz??, The pathophysiological explanation for this
event occurs as in other infectious diseases, where some alter-
ation of the host immune system is involved?®. This can lead to
the development of a poor response in the mechanisms involved in
regulating water balance, which leads in severe cases to an overpro-
duction of antidiuretic hormone (ADH) of non-osmotic cause. This
problem is mainly due to an excess of water and not to a deficit
of salt, which accumulates in the nervous system, worsening its
functioning.

On the other hand, numerous studies have shown a significant
increase in serum levels of interleukin 1 and 6 (IL-1,IL-6) in patients
with severe COVID-1927. IL-6 is presumed to play a role in sodium
homeostasis by non-osmotic release of vasopressin/arginine'“. In
support of this hypothesis Berni et al.2® observed an improvement
in hyponatraemia in a small cohort of 29 patients with COVID-
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19 after anti-IL-6 therapy. Coinciding with these data, our study
found SIADH and hypovolaemic hyponatraemia due to gastroin-
testinal losses as the main aetiologies in the group of patients with
severe hyponatraemia in those cases where a correct assessment
of volume status, urinary and serum osmolarity could be obtained
for a reliable diagnosis, but IL-6 measurement was not routinely
performed.

On the other hand, this electrolyte balance disturbance pro-
duced by unknown factors may be accentuated or triggered in
those patients with serious underlying diseases such as heart fail-
ure, cancer or respiratory problems. In addition, direct disruption
of the renin angiotensin-aldosterone system through binding of
SARS-CoV-2 to angiotensin-converting enzyme 2 has also been
involved in the pathogenesis of COVID-19 and related electrolyte
disturbances!'?.

As in other infectious diseases, hyponatraemia in COVID-19 has
been shown to be a marker of poor prognosis. Our study showed
that severe hyponatraemia and the absence of hyponatraemia
correction at 72—-96h after hospital admission was associated
with increased risk of mortality and severity of COVID-19. More
patients with severe hyponatraemia at hospital admission died
compared with moderate and mild hyponatraemia cases. Atila
etal.?? studied the prevalence and impact of dysnatraemias on mor-
tality 30 days after hospital admission in COVID-19 patients with
positive SARS-CoV-2 PCRs compared to patients with suspected
COVID-19 but negative SARS-CoV-2 PCRs. Of 172 cases and 849
controls, hyponatraemia was present in 29% versus 17.6% respec-
tively, the risk of mortality attributable to hyponatraemia in the
cases was statistically significant (hazard ratio [HR]: 1.4; 95% CI:
1.1-16.6; p=0.05). Therefore, the authors conclude that hypona-
traemia should be considered a poor prognostic marker associated
with mortality from COVID-19 and worse adverse events (need
for mechanical ventilation, admission to intensive care units, and
longer hospital stays). Another study of a multicentre retrospec-
tive cohort of 1254 patients diagnosed with COVID-19 observed
a 9.9% prevalence of hyponatraemia and 2.4% of hypernatraemia
in 3 hospitals in Hubei, China. Patients with hyponatraemia were
older, had a greater number of comorbidities, and developed severe
hyponatraemia. They required increased oxygen supply, antibiotic
therapy, and corticosteroids. Hyponatraemia was the most com-
mon electrolyte disorder in this population and was associated
with an increased risk of severe disease and increased hospi-
tal mortality'2. Another very similar study was published by the
De-Carvalho et al. group®, who described the impact of hypona-
traemia on the poor prognosis of COVID-19. From a retrospective
longitudinal cohort in Nantes, of 296 patients, 2 groups were
compared: patients with hyponatraemia < 135 mmol/I (n=92; 31%)
versus normonatremic patients (n=198; 67%). Hyponatraemia was
an independent predictor of adverse outcomes (adjusted OR: 2.77
[1.26-6.15]; p=0.011). Severity of COVID-19, length of hospital
stays for surviving patients, and mortality were higher among
patients with hyponatraemia compared with those with normona-
traemia. Finally, Tzoluis et al.>® found very similar data to those
discussed above. The authors recommend the use of natraemia on
admission as well as other systematic biomarkers already stud-
ied (white blood cell count, lymphocytes and C-reactive protein)
in order to provide a tool for dynamic risk stratification during the
clinical course of COVID-19 and to assist in clinical decision mak-
ing. However, one of the limitations of this study was the absence
of data on the use of diuretics and fluid administration, making it
difficult to confirm whether serum sodium is a predictor of poor
prognosis or whether it is a side effect of other undocumented
problems.

There are currently no consensus or clinical guidelines for
the management of hyponatraemia in COVID-19. The therapeutic
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approach will depend on its aetiology, tonicity, volume status and
patient comorbidities, in accordance with the recommendations
of the current hyponatraemia clinical guidelines?’. As previously
mentioned, it is very likely that the cause of hyponatraemia in
COVID-19 is multifactorial, including SIADH and gastrointestinal
loss of sodium due to diarrhoea or vomiting. It is important to
emphasise the need for early clinical assessment of volume status
in order to decide between 2 therapeutic strategies: fluid replace-
ment therapy, in cases of hypovolaemic hyponatraemia secondary
to gastrointestinal losses; reduced fluid intake or the use of diuret-
ics in cases of hyponatraemia secondary to SIADH can be associated
with the administration of urea, selective vasopressin V2 antago-
nist (tolvaptan) and hypertonic saline, depending on the severity
of neurological symptoms, these patients should be monitored in
critical care units, as treating hyponatraemia is as important as its
correction time. This therapeutic approach is relevant in COVID-19
patients, who require cautious and conservative fluid resuscitation
to avoid iatrogenic complications, such as acute lung oedema and
exacerbation of lung damage secondary to SARS-CoV-2 infection,
while preventing hypernatraemia, which is induced by negative
fluid balance. This is why the use of serum osmolality, urinary
osmolality and urinary sodium levels is crucial to establish a cor-
rect diagnosis of vascular tonicity and blood volume status in cases
of hyponatraemia.

Although correction of hyponatraemia decreases the increased
risk of mortality associated with hyponatraemia in non-COVID-19
patients, this fact has not yet been clearly established. However,
a sub-analysis of the EVEREST study population of patients with
hyponatraemia < 130 mmol/l showed a significant reduction in car-
diovascular morbidity and mortality after discharge in patients
treated with tolvaptan?®. On the other hand, Corona et al.3° per-
formed a meta-analysis based on 15 published studies of 13,816
hyponatraemic patients with a mean follow-up of 33.6 months,
including data on the effect of Na* correction on mortality. The
overall mortality rate in those patients who corrected hypona-
traemia was reduced by up to 60% compared to patients who did
not correct hyponatraemia. However, the association was stronger
and persisted at 12 months, with up to a 70% reduction in mortality
rate when a sensitivity analysis was performed based on those stud-
ies in which the threshold for correction of hyponatraemia went
up to 130 mmol/l. Although a cause-effect relationship cannot be
established from our data, our study showed that the absence of
hyponatraemia correction 72—96 h after hospital admission was
an independent risk factor for increased mortality in patients with
COVID-19.

Our study had the following limitations: given the excessive
burden of care generated by the need for management and hospital
admission of patients with COVID-19, coinciding with the first wave
of the pandemic, data could only be obtained to determine the aeti-
ology of hyponatraemia in severe cases. In the remaining patients it
was not possible to obtain additional clinical and laboratory data to
make a reliable diagnosis of hyponatraemia. Secondly, because of
its retrospective and observational design, the results only reflect
the association of severe hyponatraemia with in-hospital death in
COVID-19, but no causal relationship is inferred. Although attempts
were made to adjust for different covariates at hospital admission,
such as dynamic changes in hyponatraemia throughout hospital-
isation, the chronicity or aetiology of hyponatraemia in mild and
moderate cases could not be determined.

Our main strength was to compare the correction of hypona-
traemia at 72-96h after admission between the surviving and
deceased groups. To our knowledge this is the first study to evalu-
ate sustained hyponatraemia as a poor prognostic factor in patients
diagnosed with COVID-19 and therefore adds valuable information
to the literature.
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Conclusions

We conclude that sustained hyponatraemia during the first

72-96 h of hospital admission was associated with increased mor-
tality in patients with COVID-19. We believe that the results of our
retrospective review will help to raise the clinical awareness of pro-
fessionals involved in the management of patients with COVID-19
on a sometimes not well managed aspect, especially now that the
world is in the midst of an ongoing pandemic.

Funding

The authors declare that they have not received any funding for

the study.

Conflict of interests

The authors declare no conflict of interest.

References

10.

11.

. Nair V, Niederman MS,

. Upadhyay A,

. Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al. Clinical features of

patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395:497-506, http://dx.doi.org/10.1016/S0140-6736(20)30183-5.

. Wiersinga W], Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Patho-

physiology, transmission, diagnosis, and treatment of coronavirus disease
2019 (COVID-19): A review. JAMA-] Am Med Assoc. 2020;324:782-93,
http://dx.doi.org/10.1001/jama.2020.12839.

. Zilberberg MD, Exuzides A, Spalding ], Foreman A, Jones AG, Colby

C, et al. Hyponatremia and hospital outcomes among patients with
pneumonia: A retrospective cohort study. BMC Pulm Med. 2008;8,
http://dx.doi.org/10.1186/1471-2466-8-16.

. Cuesta M, Slattery D, Goulden EL, Gupta S, Tatro E, Sherlock M, et al. Hypona-

traemia in patients with community-acquired pneumonia; prevalence and
aetiology, and natural history of SIAD. Clin Endocrinol (Oxf). 2019;90:744-52,
http://dx.doi.org/10.1111/cen.13937.
Masani
community-acquired pneumonia.

http://dx.doi.org/10.1159/000100866.
Jaber BL, Madias NE. Incidence
of hyponatremia. Am ] Med. 2006;119 7

http://dx.doi.org/10.1016/j.amjmed.2006.05.005.

N, Fishbane S.
Am ] Nephrol.

Hyponatremia in
2007;27:184-90,

and prevalence
Suppl  1:S30-35,

. Schuetz P, Haubitz S, Christ-Crain M, Albrich WC, Zimmerli W, Mueller B, et al.

Hyponatremia and anti-diuretic hormone in Legionnaires’ disease. BMC Infect
Dis. 2013;13:585, http://dx.doi.org/10.1186/1471-2334-13-585.

. De Carvalho H, Letellier T, Karakachoff M, Desvaux G, Caillon H, Papuchon E,

et al. Hyponatremia is associated with poor outcome in COVID-19. ] Nephrol.
2021:1-16, http://dx.doi.org/10.1007/s40620-021-01036-8.

. Frontera JA, Valdes E, Huang ], Lewis A, Lord AS, Zhou T, et al

Prevalence and impact of hyponatremia in patients with coronavirus
disease 2019 in New York City. Crit Care Med. 2020;48:e1211-1217,
http://dx.doi.org/10.1097/CCM.0000000000004605.

Ruiz-Sanchez ]G, Niiiez-Gil IJ, Cuesta M, Rubio MA, Maroun-Eid C, Arroyo-
Espliguero R, et al. Prognostic impact of hyponatremia and hypernatremia
in COVID-19 pneumonia. A HOPE-COVID-19 (Health Outcome Predictive
Evaluation for COVID-19) registry analysis. Front Endocrinol (Lausanne).
2020;11:1-12, http://dx.doi.org/10.3389/fend0.2020.599255.

Hirsch ]S, Uppal NN, Sharma P, Khanin Y, Shah HH, Malieckal DA, et al.
Prevalence and outcomes of hyponatremia and hypernatremia in patients
hospitalized with COVID-19. Nephrol Dial Transplant. 2021;36:1135-8,
http://dx.doi.org/10.1093/ndt/gfab067.

18

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Medicina Clinica 159 (2022) 12-18

HuW,IvX LiC XuY,QiY,ZhangZ, et al. Disorders of sodium balance and its clin-
icalimplications in COVID-19 patients: A multicenter retrospective study. Intern
Emerg Med. 2020;16:853-62, http://dx.doi.org/10.1007/s11739-020-02515-9.
Choi KW, Chau TN, Tsang O, Tso E, Chiu MC, Tong WL, et al. Out-
comes and prognostic factors in 267 patients with severe acute res-
piratory syndrome in Hong Kong. Ann Intern Med. 2003;139:715-23,
http://dx.doi.org/10.7326/0003-4819-139-9-200311040-00005.

Yousaf Z, Al-Shokri SD, Al-Soub H, Mohamed MFH. COVID-19-associated
SIADH: A clue in the times of pandemic! Am ] Physiol - Endocrinol Metab.
2020;318:E882-5, http://dx.doi.org/10.1152/AJPENDO.00178.2020.

Ata F, Almasri H, Sajid J, Yousaf Z. COVID-19 presenting with
diarrhoea and hyponatraemia. BMJ] Case Rep. 2020;13:e235456,
http://dx.doi.org/10.1136/bcr-2020-235456.

De La Flor Merino JC, Mola Reyes L, Linares Gravalos T, Roel Conde
A, Rodeles Del Pozo M. Inusual caso de hiponatremia aguda grave
en paciente con infecciébn por COVID-19. Nefrologia. 2020;40:356-8,
http://dx.doi.org/10.1016/j.nefro.2020.05.001.

Sterns RH. Treatment of severe hyponatremia. Clin J Am Soc Nephrol.
2018;13:641-9, http://dx.doi.org/10.2215/CJN.10440917.

Moraleda L, Escosa T, Sainz D, Aguilera L, Espinosa M, Barrio I, et al. Manejo
clinico del COVID-19: Atencién hospitalaria. Gobierno de Espafia: Ministerio de
Sanidad; 2020. p. 1-28.

Hillier TA, Abbott RD, Barrett EJ. Hyponatremia:
rection factor for hyperglycemia. Am | Med.
http://dx.doi.org/10.1016/S0002-9343(99)00055-8.
Spasovski G, Vanholder R, Allolio B, Annane D, Ball S, Bichet D, et al. Clinical prac-
tice guideline on diagnosis and treatment of hyponatraemia. Eur ] Endocrinol.
2014;170:G1-47, http://dx.doi.org/10.1530/EJE-13-1020.

Malieckal DA, Uppal NN, Ng JH, Jhaveri KD, Hirsch JS, Abate M, et al. Elec-
trolyte abnormalities in patients hospitalized with COVID-19. Clin Kidney J.
2021;14:1704-7, http://dx.doi.org/10.1093/ckj/sfab060.

Atila C, Sailer CO, Bassetti S, Tschudin-Sutter S, Bingisser R, Siege-
mund M, et al. Prevalence and outcome of dysnatremia in patients
with COVID-19 compared to controls. Eur ] Endocrinol. 2021;184:413-22,
http://dx.doi.org/10.1530/EJE-20-1374.

Tzoulis P, Waung JA, Bagkeris E, Hussein Z, Biddanda A, Cousins ],
et al. Dysnatremia is a predictor for morbidity and mortality in hospital-
ized patients with COVID-19. J Clin Endocrinol Metab. 2021;106:1637-48,
http://dx.doi.org/10.1210/clinem/dgab107.

Fiumefreddo R, Zaborsky R, Haeuptle ], Christ-Crain M, Trampuz A, Steffen I,
et al. Clinical predictors for Legionella in patients presenting with community-
acquired pneumonia to the emergency department. BMC Pulm Med. 2009;9:4,
http://dx.doi.org/10.1186/1471-2466-9-4.

Concepcién Zavaleta M], lldefonso Najarro SP, Moreno Marreros DM, Concep-
cién Urteaga LA. SIADH and severe COVID-19 pneumonia in elderly patients:
a therapeutic challenge in developing countries. Intern Emerg Med. 2021:1-3,
http://dx.doi.org/10.1007/s11739-021-02686-z.

Leisman DE, Ronner L, Pinotti R, Taylor MD, Sinha P, Calfee CS, et al. Cytokine
elevation in severe and critical COVID-19: A rapid systematic review, meta-
analysis, and comparison with other inflammatory syndromes. Lancet Respir
Med. 2020;8:1233-44, http://dx.doi.org/10.1016/S2213-2600(20)30404-5.
Henry BM, De Oliveira MHS, Benoit S, Plebani M, Lippi G. Hematologic, bio-
chemical and immune biomarker abnormalities associated with severe illness
and mortality in coronavirus disease 2019 (COVID-19): A meta-analysis. Clin
Chem Lab Med. 2020;58:1021-8, http://dx.doi.org/10.1515/cclm-2020-0369.
Berni A, Malandrino D, Parenti G, Maggi M, Poggesi L, Peri A, et al. Hyponatremia,
IL-6, and SARS-CoV-2 (COVID-19) infection: may all fit together? J Endocrinol
Invest. 2020;43:1137-9, http://dx.doi.org/10.1007/s40618-020-01301-w.
Hauptman PJ, Burnett ], Gheorghiade M, Grinfeld L, Konstam MA, Kostic D, et al.
Clinical course of patients with hyponatremia and decompensated systolic heart
failure and the effect of vasopressin receptor antagonism with Tolvaptan. J Card
Fail. 2013;19:390-7, http://dx.doi.org/10.1016/j.cardfail.2013.04.001.

Corona G, Giuliani C, Verbalis ]G, Forti G, Maggi M, Peri A.
Hyponatremia improvement is associated with a reduced risk of
mortality: Evidence from a meta-analysis. PLoS One. 2015;10:1-12,
http://dx.doi.org/10.1371/journal.pone.0124105.

Evaluating the cor-
1999;106:399-403,


dx.doi.org/10.1016/S0140-6736(20)30183-5
dx.doi.org/10.1001/jama.2020.12839
dx.doi.org/10.1186/1471-2466-8-16
dx.doi.org/10.1111/cen.13937
dx.doi.org/10.1159/000100866
dx.doi.org/10.1016/j.amjmed.2006.05.005
dx.doi.org/10.1186/1471-2334-13-585
dx.doi.org/10.1007/s40620-021-01036-8
dx.doi.org/10.1097/CCM.0000000000004605
dx.doi.org/10.3389/fendo.2020.599255
dx.doi.org/10.1093/ndt/gfab067
dx.doi.org/10.1007/s11739-020-02515-9
dx.doi.org/10.7326/0003-4819-139-9-200311040-00005
dx.doi.org/10.1152/AJPENDO.00178.2020
dx.doi.org/10.1136/bcr-2020-235456
dx.doi.org/10.1016/j.nefro.2020.05.001
dx.doi.org/10.2215/CJN.10440917
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
http://refhub.elsevier.com/S2387-0206(22)00286-8/sbref0090
dx.doi.org/10.1016/S0002-9343(99)00055-8
dx.doi.org/10.1530/EJE-13-1020
dx.doi.org/10.1093/ckj/sfab060
dx.doi.org/10.1530/EJE-20-1374
dx.doi.org/10.1210/clinem/dgab107
dx.doi.org/10.1186/1471-2466-9-4
dx.doi.org/10.1007/s11739-021-02686-z
dx.doi.org/10.1016/S2213-2600(20)30404-5
dx.doi.org/10.1515/cclm-2020-0369
dx.doi.org/10.1007/s40618-020-01301-w
dx.doi.org/10.1016/j.cardfail.2013.04.001
dx.doi.org/10.1371/journal.pone.0124105

