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Abstract

Coronavirus disease (Covid-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is currently the largest health crisis facing most
countries. Several factors have been linked with a poor prognosis for this disease,
including demographic factors, pre-existing comorbidities and laboratory parame-
ters such as white blood cell count, D-dimer, C-reactive protein, albumin, lactate
dehydrogenase, creatinine and electrolytes. Electrolyte abnormalities particularly
potassium disorders are common among Covid-19 patients. Based on our pooled
analysis, hypokalemia and hyperkalemia occur in 24.3% and 4.15% of Covid-19
patients, respectively. Potassium level deviation from the normal range may in-
crease the chances of unfavorable outcomes and even death. Therefore, this article
reviewed the epidemiology of potassium disorders and explained how hypokalemia
and hyperkalemia are capable of deteriorating cardiac outcomes and the prognosis
of Covid-19 for infected patients. The article finishes by highlighting some important
considerations in the management of hypokalemia and hyperkalemia in these

patients.

KEYWORDS
Covid-19, hypokalemia, review, SARS-CoV-2, serum potassium

Abbreviations: ACE2, Angiotensin-converting enzyme 2; ADH, Antidiuretic hormone; AKI, Acute kidney injury; CKD, Chronic kidney disease; CK-MB, Creatine kinase-myocardial band;
Covid-19, Coronavirus disease; CRRT, Continuous renal replacement therapy; CVD, Cardiovascular disease; DKA, Diabetic ketoacidosis; ECG, Electrocardiogram; EVD, Ebola virus disease;
ICU, Intensive care units; IHD, Intermittent hemodialysis; IMV, Invasive mechanical ventilation; MERS-CoV, Middle East respiratory syndrome coronavirus; PRISMA, Preferred Reporting
Items for Systematic Reviews and Meta-Analysis; PVN, Paraventricular nucleus; RAAS, Renin angiotensin aldosterone system; SARS-CoV, Severe acute respiratory syndrome coronavirus;
SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; SD, Standard deviation; SON, Supraoptic nucleus; TdP, Torsades de Points; WHO, World Health Organization..

Rev Med Virol. 2022;32:€2262.
https://doi.org/10.1002/rmv.2262

wileyonlinelibrary.com/journal/rmv © 2021 John Wiley & Sons Ltd. 1 of 13


https://doi.org/10.1002/rmv.2262
https://orcid.org/0000-0002-8692-9720
https://orcid.org/0000-0003-0178-3732
https://orcid.org/0000-0001-7986-9072
mailto:safiris@tbzmed.ac.ir
mailto:a.kolahi@sbmu.ac.ir
https://orcid.org/0000-0002-8692-9720
https://orcid.org/0000-0003-0178-3732
https://orcid.org/0000-0001-7986-9072
http://wileyonlinelibrary.com/journal/rmv
https://doi.org/10.1002/rmv.2262

20013 | WILEY

NOORI ET AL

1 | INTRODUCTION

In December 2019, an outbreak of an unknown origin respiratory
iliness in Wuhan City, Hubei Province, China, led to the identifi-
cation of a new type of beta coronavirus genus called severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).! On 11
February 2020, the World Health Organization (WHO) named the
disease coronavirus disease 2019 (Covid-19) which is characterized
by its high contagiousness, infectivity, and an asymptomatic incu-
bation period,>® resulting in more than 162 million confirmed
cases and over 3.3 million deaths across the world, up to 17 May
20214

SARS-CoV-2 is an enveloped, positive-sense, single-stranded
RNA virus and the seventh confirmed coronavirus that is able to
infect humans.”> Two other members of this family are the severe
acute respiratory syndrome coronavirus (SARS-CoV) and the Middle
East respiratory syndrome coronavirus (MERS-CoV), which share
79% and 50% of their nucleotide identity with SARS-CoV-2,
respectively.> Unlike these two viruses, SARS-CoV-2 is characterized
by a lower mortality rate, but the absolute number of deaths is
remarkably high.*

Covid-19 has a broad clinical spectrum of severity, ranging from
asymptomatic infection and mild flu-like symptoms, in 80% of
infected individuals, to severe and critical clinical presentations in
20%.° Aside from affecting the respiratory system, Covid-19 also has
extra-pulmonary manifestations, which can affect the kidneys,
digestive tract, heart and nervous system.” Older patients, males and
those with preexisting comorbidities, such as diabetes, cardiovascular
disease (CVD) and chronic kidney disease (CKD), are more likely to
be infected with the virus.®?

Recent studies have reported a high prevalence of electrolyte
disorders in patients with SARS-CoV-2 infection, including sodium,
potassium, chloride and calcium abnormalities.’°"* There are many
potential reasons for these electrolyte changes, which may result
from prolonged hospitalization and the administration of multiple
medications, changes in eating habits, multi-organ failure, drug-
related side effects, fever, sweating and hyperventilation.** Electro-
lyte disorders are not only a common manifestation in Covid-19
patients, but are also positively associated with severe clinical
outcomes,10:11:13.15

Potassium disorders are one of the most common electrolyte
abnormalities among confirmed Covid-19 cases.'*"*® Both high and
low serum potassium levels have been found to be important fac-
tors that independently affect disease prognosis.t®>1?72! |dentifying
the reason for potassium homeostasis impairment and attempting to
resolve this may improve the clinical outcomes of infected patients.
Therefore, this article is a review of the currently available litera-
ture regarding epidemiology, etiologies, outcomes and some points
on the management of potassium abnormalities in Covid-19

patients.

2 | MATERIALS AND METHODS

The guideline of the Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA) Statement was used for
retrieving the results related to estimate the frequency of hypoka-
lemia and hyperkalemia in patients with Covid-19.22

2.1 | Search strategy

The literature search was performed using electronic databases of
PubMed and Scopus, as well as Google scholar search engine up to 1
March 2021 for identifying the articles that discussed potassium
disorders in patients with Covid-19. Our query was (hypokalemia OR
hypokaleamia OR hypokalaemia OR hyperkalemia OR hyperkaleamia
OR hyperkalaemia OR potassium disorder) and (Covid-19 OR SARS-
CoV-2 OR 2019-nCoV). No search filters on any fields such as article
type, publication date, and language were implemented. To avoid
missing relevant studies, backward and forward citation searching

were implemented.

2.2 | Screening and eligibility

The vyield of search was combined in EndNote X8.0 (Clarivate Ana-
lytics, Philadelphia, PA, USA) reference manager software and
duplicate reports were removed. Title and abstract of final records
were initially screened and relevant articles were potentially
extracted. Full-text of selected publications were carefully assessed
according to the inclusion and exclusion criteria. The screening and
review processes were conducted independently by two reviewers
(M.N. and S.A.N.). Discrepancies were resolved through consulting
with a third reviewer (S.S.) to reach a consensus.

We included studies that met the following criteria: (1) studies
reporting the prevalence of potassium abnormalities in patients with
Covid-19; (2) studies reporting the prognosis and complications of
potassium abnormalities in patients with Covid-19; (3) studies
reporting how to manage the potassium abnormalities in patients
with Covid-19. Studies were excluded if were conducted in a specific
population such as, pregnant women, children, patients with epilepsy

and other groups.

2.3 | Data extraction

The data extraction was performed by two independent reviewers
(M.N. and S.A.N.) using standardized forms in Excel spreadsheets,
which included the name of first author, date of publication, name of
country, date of patients' enrolment, number of included patients,

gender, mean age, definition of hypokalemia and hyperkalemia,



NOORI ET AL.

WILEY__| 3%

number of patients developed potassium disorders, prognosis and
complication of potassium disorders and methods for managing the

potassium disorders.

2.4 | Statistical analysis

We used meta-analysis of proportions to generate pooled estimates
and their 95% confidence intervals (95% Cls) for the prevalence of
hypokalemia and hyperkalemia in patients with Covid-19. 12 sta-
tistic was used to evaluate heterogeneity between studies. In the
case of little evidence of heterogeneity (i.e. I? < 40%), a fixed-effect
model was used to pool the proportions; otherwise, a random-
effect model was used. All the analysis was conducted using Met-
aprop commend in STATA software, version 15.0 (STATA Corp,
LLC.).

3 | POTASSIUM DISORDER: PREVALENCE AND
ETIOLOGIES

Electrolyte balance keeps the internal environment in an optimal
state, which is essential for general functioning and homeostasis.
Sodium is the major cation in extracellular fluid, whereas potassium is
the most abundant cation in the intracellular fluid, playing a vital role
in numerous physiological processes.?®> Because an appropriate po-
tassium balance is necessary for survival, several intra- and extra-
renal mechanisms are involved in maintaining the serum concentra-
tion within a narrow range (3.5-5.0 mmol/L).?* Potassium levels
below 3.5 mmol/L and above 5 mmol/L are defined as hypokalemia
and hyperkalemia, respectively.?’

Generally, the etiology of decreased and increased serum
potassium levels are multifactorial.?® Hypokalemia may result from
a reduction in potassium intake, the movement of potassium from
extracellular to intracellular fluids, and excessive potassium loss
through urine or the gastrointestinal tract.?® Diuretic use and
subsequently increased urinary potassium loss is a common cause
of hypokalemia.?® In contrast, hyperkalemia is more likely to be
associated with impaired renal function and the use of medications,
such as renin angiotensin aldosterone system (RAAS) inhibitors and
potassium sparing diuretics, which avoid renal potassium
excretion.?®

Potassium balance disorders are common medical problems
among hospitalized patients across disciplines.?’~*2 The incidence of
hypokalemia in hospitalized patients is up to 21% and from 2% to 3%

in outpatients,?”-2833

while hyperkalemia is less common, occurring
in up to 3.3% of hospitalized patients and nearly 1% of out-
patients.>°~3% Although, potassium disorders are often the conse-
quence of an underlying disease, it can also be iatrogenic, such that
one in six hospitalized patients with hypokalemia will subsequently
develop hyperkaliemia, while correcting potassium levels, which
highlights the need for close potassium monitoring in clinical

settings.>*

4 | POTASSIUM DISORDERS AND INFECTIOUS
DISEASES

In order to determine the prevalence of hypokalemia in hospitalized
patients with infectious diseases, Widodo et al. designed a cross-
sectional study at Cipto Mangunkusumo General Hospital in
Jakarta, Indonesia.>> Out of 105 patients who were enrolled in this
study, dengue fever was the most common infectious disease.®® The
frequency of hypokalemia among the hospitalized patients was 23%
on admission which increased to 37% during hospitalization.>®
Nausea, vomiting, and anorexia were possible reasons for inadequate
dietary intake and subsequent hypokalemia.®® Tissue breakdown and
potassium release during infectious diseases can mitigate low po-
tassium levels, that is why most cases developed mild hypokalemia in
this study.>®

Similarly, another study reviewing clinical manifestations and
management of Ebola virus disease (EVD) was conducted on 27
infected participants.®® The prevalence of hypokalemia was 37% on
admission and 67% during hospitalization.3® Furthermore, hypoka-
lemia was not isolated and it was associated with other electrolyte
abnormalities such as hyponatremia, hypocalcemia and hypomagne-
semia.3® Close electrolyte monitoring and correction of its abnor-
malities along with other medical care improved survival of patients
with EVD.%¢

HIV positive patients are at increased risk of developing
hyperkalemia.®” Trimethoprim-sulfamethoxazole which is usually
given in high dose for Pneumocystis jirovecii pneumonia in immuno-
compromised patients is an important cause of hyper-
kalemia.®® Elevated serum potassium levels above 5 mmol/L was
reported in 24% and 48% of HIV-infected patients receiving low- and
high-dose trimethoprim-sulfamethoxazole, respectively, such that
14% required therapeutic intervention for addressing the complica-
tions of hyperkalemia.®®

4.1 | Serum potassium in SARS-CoV and MERS-CoV
infections

Few studies have measured serum potassium levels in SARS-CoV
patients, but hypokalemia seems to be a common presenta-
tion.3?"*® In a study investigating the clinical manifestations of 62
probable SARS-CoV cases in Vietnam, Vu and colleagues reported
a hypokalemia prevalence rate of 14.8%.%C However, there was no
evidence of hyperkalemia among these patients.*® Moreover,
Booth et al. designed a study to describe the clinical characteris-
tics and short-term outcomes of SARS-CoV.*' Of the 144 pa-
tients diagnosed with suspected SARS-CoV, the frequency of
hypokalemia was 26% at admission and 43% during hospitaliza-
tion.*? In addition to hypokalemia, other electrolyte abnormalities,
such as hypocalcemia, hypomagnesemia and hypophosphatemia
were observed during the study, and these deteriorated during
hospitalization.#* The natural history of the disease and medica-

tions like ribavirin, which affects renal tubular function, were
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among the suggested explanations for these electrolyte
disturbances.*!

To our knowledge, there is limited evidence for potassium
disorders in patients affected by MERS-CoV.**~*¢ However, the first
case of MERS-CoV infection in the US was reported to have mild
hyponatremia and hyperglycemia, while the serum potassium level
was within the normal range.** In addition, in a retrospective cohort
of 51 RT-PCR positive patients, 33% had serum potassium levels
above 4.5 mmol/L.* Finally, in a case series of eight confirmed
MERS-CoV patients, one of the two who died, had hyperkalemia, with

associated ventricular tachycardia.*’

4.2 | Serum potassium in Covid-19

Electrolyte imbalances, notably hyponatremia, hypokalemia and
hypocalcemia, are common in Covid-19 patients and may increase
the risk of adverse clinical outcomes.?0-131>17:18 |y 3 retrospective
cohort study, which gathered data from 274 acute care hospitals
across the US, the clinical features and laboratory records of
21,676 hospitalized patients with Covid-19 were evaluated.'®
Electrolyte imbalances for hypokalemia, hyperkalemia, and hypo-
natremia were present in 15.8%, 13.2%, and 11.4% of patients,
respectively.!® In a Chinese study of 125 discharged patients who
had recovered from Covid-19, the most common electrolyte ab-
normalities were hypocalcemia (64.8%), hypochloremia (30.4%),
hyponatremia (17.6%) and hypokalemia (10.4%).'> Tezcan et al. also
reported the onset of an electrolyte disorder in 53% of their 408
individuals confirmed with Covid-19.° Hyponatremia was the most
common electrolyte abnormality (35.8%), along with hypocalcemia
(9.5%), hypokalemia (6.8%), hypochloremia (6.8%) and hyperkalemia
(1.7%).°

It is worth noting that among potassium disorders, hypokalemia
seems to be more prevalent than hyperkalemia in Covid-19 cases.
According to the pooled analysis that we performed on data of the
eligible studies, overall 30 and 15 relevant studies with total number
of 91,945 and 89,166 Covid-19 patients were enrolled for estimating
the prevalence of hypokalemia and hyperkalemia, respectively. The
pooled hypokalemia prevalence rate was 24.31% (95% Cl: 20.80%-
28.00%), while the corresponding rate for hyperkalemia was 4.15%
(95% Cl: 2.37%-6.34%; Figures 1 and 2). There was a significant
heterogeneity among studies. I? estimates were 98.44% and 98.70%
for hypokalemia and hyperkalemia, respectively. The epidemiological
data from Covid-19 patients with hypokalemia is summarized in
Table S1 and for hyperkalemia in Table S2.

A numbers of studies have reported hypokalemia as an important
clinical manifestation of this new coronavirus.2*1%2147-4? Chen et al.
first proposed the idea of potassium disorders in SARS-CoV-2
infections, when designing a retrospective cohort study on 175
RT-PCR positive patients who were admitted from 11 January 2020
to 15 February 2020 to Wenzhou Central Hospital and the Sixth
People's Hospital of Wenzhou, China.? Interestingly, severe hypo-

kalemia (potassium <3 mmol/L) and mild hypokalemia (potassium

<3.5 mmol/L) were detected in 31 (18%) and 64 (37%) patients,
respectively.'? Additionally, the onset of hypokalemia in this study
was associated with the presence of underlying diseases; 25 patients
(81%) with severe hypokalemia and 29 patients (45%) with mild
hypokalemia had underlying diseases, such as diabetes and hyper-
tension, compared with only 17 patients (12%) with normokalemia.*’
In a study in Italy, Szoke et al. reported that median potassium
baseline levels were significantly lower in 874 confirmed cases of
Covid-19, compared with 538 negative patients [3.9 (3.6-4.2) vs. 4.0
(3.7-4.3); p < 0.001], and that hypokalemia was more frequent in
Covid-19 cases than among the controls (p = 0.005).*® Furthermore,
in a case-control study, consisting of 594 RT-PCR positive cases and
594 PCR negative controls, matched for age and sex, hypokalemia
was found to be significantly associated with Covid-19 at emergency
department admission (adjusted odds ratio [OR] = 1.76; 95% ClI:
1.20-2.60).2 An investigation of a cluster of patients with an
established diagnosis of Covid-19, found hypokalemia in 25% of
cases.*” The duration of clinical symptoms of Covid-19, prior to
diagnosis, was significantly shorter in the hypokalemic group, sug-
gesting that hypokalemia is more likely to manifest itself earlier in the
illness.*” In a retrospective cohort study of 290 non-critically ill
Covid-19 patients, hypokalemia was found in 171 cases (41%), with a
mean level (+standard deviation [SD]) of 3.1 + 0.018 mmol/L.** Of
those patients, 36.6% presented with hypokalemia on admission and
about half developed hypokalemia within 24 h of admission.* The
duration of low serum potassium levels was, on average, 2.27 days
per patient.!* The findings of this study also showed that the
presence of hypomagnesemia and hypocalcemia were significantly
associated with lower potassium concentrations.'* Furthermore, the
most relevant risk factor for hypokalemia was being female, with a
hazard ratio of 2.24.1* Paice et al. made similar findings, and they
concluded that the depleted serum potassium levels in women was
unlikely to have arisen by chance, due to the strength of the
statistical relationship.?® Although the etiology of this association is
unclear, hormonal influences and the physical characteristics of
women might play a greater role in decreasing serum potassium
levels than the natural history of the disease.'*?8

However, these results differ from another study, which
compared the laboratory findings of 59 Covid-19 and 83 non-
Covid-19 cases in Japan.>°® This research found that the potas-
sium level in the Covid-19 group was significantly higher than in the
control group [4.10 (4.04-4.02) vs. 3.93 (3.89-3.97); p < 0.05].>°
Hyperkalemia was observed in only three patients with Covid-19
and it was not reported in any of the healthy controls
(p < 0.05).°° The percentage of patients with hypokalemia in the
Covid-19 group was also significantly lower than in the control
group (3.4% vs. 18.1%; p < 0.01).°

The potential mechanism of potassium homeostasis alteration in
Covid-19 patients is a controversial issue. However, initial studies
have suggested that kidneys could be a major source of potassium
abnormalities in Covid-19 infection.2”2? In the case of hypokalemia, a
putative mechanism would be through utilization and subsequent

degradation of angiotensin-converting enzyme (ACE2) as a receptor
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First No. of No. of %
author samples hypokalemia ES (95% CI) Weight

I
Hong et al. 12 6 1 * 50.00 (25.38, 74.62) 1.43

1
Huang et al. 34 —— 11.76 (4.67,26.62) 2.42
Nasomsong et al. 36 —H 25.00 (13.75,41.07) 2.47
Tsiberkin et al. 43 16 :—-— 37.21 (24.38,52.14) 2.64
Sarvazad et al. 55 5 —— 9.09 (3.95, 19.58) 2.85
Nakanishi et al. 59 2 - | 3.39(0.93,11.54)  2.90
Shi et al. 64 24 : — 37.50 (26.67,49.75) 2.97
Sultana et al. 70 35 1 — 50.00 (38.60, 61.40) 3.03
Chen et al. 97 68 : —®—— 70.10(60.37,78.31) 3.25
Rana et al. 100 66 : — 66.00 (56.28, 74.54) 3.27
Islam et al. 107 27 —— 25.23 (17.96, 34.22) 3.31

1
Du et al. 109 16 —— 14.68 (9.24,22.52) 3.32
Bravo-Acostaetal. 115 9 —— : 7.83 (4.17,14.21) 3.35
Xiong et al. 116 24 ——— 20.69 (14.32,28.94) 3.35

1
Wu et al. 125 13 —— 1 10.40 (6.18,16.98)  3.39
Roy et al. 156 61 : —— 39.10 (31.79, 46.93) 3.50
Wang et al. 169 18 —— : 10.65 (6.84,16.21)  3.53
Chen et al. 175 95 1 —— 54.29 (46.89, 61.50) 3.54
Zhuo et al. 175 95 : —— 54.29 (46.89, 61.50) 3.54
Chen et al. 274 31 - : 11.31 (8.09, 15.61)  3.70
Alfano et al. 290 119 1 —— 41.03 (35.53,46.78) 3.71
Vena et al. 302 78 25.83 (21.22,31.05) 3.72
Moreno-Pérez etal. 306 94 : —— 30.72 (25.82,36.10) 3.72
Tezcan et al. 408 28 E o 1 6.86 (4.79,9.74) 3.79

1
Leulseged et al. 429 17 - 1 3.96 (2.49, 6.25) 3.80
Lian et al. 465 89 - : 19.14 (15.82,22.96) 3.81
Carvalho et al. 594 90 - ! 15.15(12.49, 18.26) 3.85

1
Szoke et al. 603 219 1 —— 36.32 (32.58,40.23) 3.85
Mallow et al. 21676 3414 - : 15.75 (15.27, 16.24) 3.99
Rosenthal et al. 64781 6475 L J ! 10.00 (9.77,10.23)  4.00
Overall (I"2 =98.44%, p = 0.00) ¢ 24.31 (20.80, 28.00) 100.00

i

1

1

I I | I I I I I
0 20 40 60 80

Prevalence %

FIGURE 1 Hypokalemia prevalence in Covid-19 patients. Forest plot showing the prevalence of hypokalemia in Covid-19 patients. The
squares indicate weight of each study in random-effect model. The vertical dashed line indicates the overall pooled estimate of hypokalemia
prevalence and the diamond the 95% confidence interval around that pooled estimate. The forest plot was generated using STATA 15.0

(STATA Corp, LLC, TX)

for the cell-entry process.’> RAAS has a key role in regulation of
potassium concentration that could be counter-regulated by ACE-2.
When ACE-2 is downregulated by the virus, increased activity of
RAAS would be feasible which leads to potassium wasting through
urine and hypokalemia in Covid-19 patients.’? In addition, antidi-
uretic hormone (ADH) is a hormone that could also be important in
potassium homeostasis. ADH is secreted from the hypothalamic
paraventricular nucleus (PVN) and supraoptic nucleus (SON). It is
hypothesized that either viral-mediated neurodegeneration or neu-
roinflammation of subfornical organ may cause dysfunction of PVN
and SON, leading to excess urinary potassium loss and hypokale-

mia.>® In the case of hyperkalemia, it has been reported that the

incidence of acute kidney injury (AKI) is high in Covid-19 patients.>*
Impairing potassium excretion as common manifestation of AKI could
induce potassium retention and increased serum potassium levels in
Covid-19 patients.

Taken together, the difference between frequency of potassium
disorders in Covid-19 patients may be due to the variations among
laboratories and how they collect the samples, various therapeutic
approaches, or even genetic factors such as population poly-
morphisms.>® For instance, the East Asian populations have much
higher allele frequencies in the expression quantitative trait loci
variants associated with higher ACE2 expression compared to

European populations.>® This may suggest different susceptibility or
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First No. of No. of %
author samples  hyperkalemia ES (95% CI) Weight

i
Huang et al. 34 2 —e 5.88 (1.63, 19.09) 4.09
Sarvazad et al. 55 3 i * 5.45 (1.87, 14.85) 5.05
Nakanishi etal. 59 3 : - 5.08 (1.74, 13.92) 5.18
Du et al. 109 4 —_— 3.67 (1.44,9.06) 6.23
Xiong et al. 116 1 -I—:“ 0.86 (0.15,4.72) 6.32
Wu et al. 125 2 —-— 1.60 (0.44, 5.65) 6.43
Liu et al. 136 14 | —— 10.29 (6.23, 16.54) 6.54
Roy et al. 156 13 i S 8.33 (4.93, 13.73) 6.72
Wang et al. 169 2 -I—E 1.18 (0.33,4.21) 6.81
Chen etal. 274 32 i —_— 11.68 (8.40, 16.02) 7.28
Tezcan et al. 408 7 - 1.72 (0.83, 3.50) 7.56
Lian et al. 465 1 - i 0.22 (0.04, 1.21) 7.63
Szoke et al. 603 4 - i 0.66 (0.26, 1.69) 7.76
Mallow et al. 21676 2867 : - 13.23(12.78,13.68)  8.19
Rosenthal et al. 64781 4352 i 6.72 (6.53, 6.91) 8.20
Overall (I"2 =98.70%, p = 0.00) <> 4.15(2.37, 6.34) 100.00
i
I I I I I
0 10 20

Prevalence %

FIGURE 2 Hyperkalemia prevalence in Covid-19 patients. Forest-plot showing prevalence of hyperkalemia in Covid-19 patients. The
squares indicate weight of each study in random-effect model. The vertical dashed line indicates the overall pooled estimate of hyperkalemia
prevalence and the diamond the 95% confidence interval around that pooled estimate. The forest plot was generated using STATA 15.0

(STATA Corp, LLC, TX)

response to SARS-CoV-2 and even different serum potassium status
from different populations.

4.3 | Prognostic implication of potassium disorders
In general, hypokalemia and hyperkalemia are both related to a poor
prognosis. Numerous studies have found a U-shaped correlation
between potassium levels and adverse outcomes.’’>° A previous
study of 57,874 hospitalized patients, with a mean + SD baseline
potassium level of 4.2 + 0.6 mmol/L, demonstrated that both lower
and higher potassium levels were associated with increased 1-year
mortality, regardless of the main diagnosis.’® Potassium levels of
<2.9 and >5.5 mmol/L were associated with the highest mortality
rate, while the lowest mortality rate occurred among those in the

range of 4.0-4.4 mmol/L.>’

A similar relationship in the prognosis of
Covid-19 was also noted by recent investigations (Table 1). Hypo-
kalemic patients affected by SARS-CoV-2 tend to have longer stays
in hospital and intensive care units (ICU) and more commonly require
invasive mechanical ventilation (IMV).14?! Moreover, lower serum
potassium levels have been showed to be related to prolonged SARS-

CoV-2 RNA detection.??%% A number of studies have reported that

critically or severely ill Covid-19 patients had serum potassium levels
outside the normal range.?®1%2164°70 For example, in a study by
Chen et al., 85% of critically ill Covid-19 patients also had hypoka-
lemia.r? Liu et al. described a J-shaped risk association between
potassium concentration and the mortality rate among Covid-19
patients.?° They found that, compared with potassium levels of 4.0
to 4.5 mmol/L, the adjusted hazard ratio for 30-day mortality during
hospitalization was 4.14 (95% Cl: 1.29-13.29; p = 0.017) for >5
mmol/L and 1.99 (95% Cl: 0.54-7.35; p = 0.300) for <4 mmol/L.2°
Given that both hypokalemia and hyperkalemia may be sensitive
predictors of a poor prognosis, early identification and correction are
crucial, particularly in patients who are at a higher risk of becoming
critically ill.

5 | POTASSIUM ABNORMALITIES AND CARDIAC
DYSFUNCTION

A growing body of evidence has reported Covid-19 patients to be
prone to cardiac damage, even if they do not have any underlying
heart disease.”! Elevated troponin enzymes and creatine kinase-

myocardial band (CK-MB), as diagnostic markers of myocardial



WILEY__| 7°f%

NOORI ET AL.

(ssnuiuo))
(80T = U) EIWD|E)OWION e
(rz = u) (1/1oww
G'€-€ wnissejod wnuas) ejwaleqodAy pliN e
ANN0.0 = QV yieauq jo ssaulloys (z = u) (1/1oww slewsy

UM pajeldosse sem elwajexodAy jo sapeto €> wnissejod Wn.as) elwsjeyodAy JaA3S e (geT :qS) v/ TG (Ues|N %E Ve PET  |euoi}das-ssod) ysapejSueg o1& 30 weys|

(810°0 = d) Ae3s NDJ pue (0000 = d)
|leydsoy jo yj3ua| 493uU0| e Yym pajerd
-0sse aJam elwa|exodAH ()(EETT-99°C
1D %56 617°'S = YO) ANI 104 Juswalinbas
33 pue (£6°8-GE'Z 1D %S6 ‘8Y = YO)
UoISSIWPE ND] Y}IM PaIBID0SSE DI9M elw
-3|e)odAy pjiw pue elwa|e)odAy 949A3S5
()(A1eA1R23dsal ‘o0'0 = d pue ‘€£0'0 = d
‘9¥0'0 = d ‘2000 = d ‘gT00 = d

‘S¥0°0 = d ‘£Z00 = d) sul|aseq je
aplidad d13a4nia3eu uleaq pue ‘] ujuodouy
‘AsWIp- ‘9-T| ‘U13lI9) JO S|I9AS| WNJSS

pue sa3A20ydwA| Jo Jaquinu ‘ejuownaud (ZTC = u) eIWS[E}OWION e
paJinboe-A3UNWWO? 10§ 3103S AJII9ASS (9£ = u) (1/10wwi
«©Z X2DUl ALIDICIOWIOS UOSLIE G'€-¢ wnissejod wnuas) ejwaleqodAy pliN e
<
598dN) E< P AP HEHo (8T = u) (1/10Ww (o2 Slewsy Hoyod e
Jays1y pey ejwa|e3odAy yum syuaized (1) €> wnissejod wnJas) elwa|exodAy JoAdS e  -O'TS YOI) S9 :UeIPaIAN %TTY 908 3A1323ds0.439Y ujeds 2319d-0UBJO|N

ejwa|exodAy pey

%G8 sjualjed ||1 Aj[ed131ud pue Aj9u9A3s Of
Suowy ‘(A]oA13dadsal ‘700’0 > d pue
2000 =d ‘700 =d ‘T0°0 = d) S|9A3| d¥D
pue ‘s|pAs| HA ‘uolioed) gIN-MD ‘S|aA9)
MD 49y3iy pey ejwa|exodAy Jo S|9Ad|

Jaysiy ypm suaied (11)(AjaAdadsau
‘T00°0 > d pue ‘7000 > d ‘500°0 = d) elw
-9[exow.ou pue (AjpA3dadsal ‘4000 = d
pue ‘7000 = d ‘20'0 = d) elws|exodAy

PlIW y3im sjusijed ayy ueyy uoljess) (08 = ) elWSENOWION

(r9 = u) (1/1oww

-utwpe ua3AX0 J0j pasu 3 ue ‘Ajljew
e P WP H G'€-¢ wnissejod wnuas) ejwaleqodAy pliN e

-Jouqge HHF ‘@4nyesadwal Apoq Jay31y

(Te = u) (1/1oww ajeway 10yod
pey ejws|exodAy 249A9S YIm sjualied (1) €> wnissejod wnuas) ejwaje)odAy Janasg e (b :aS) S :uesy %05 S/T aAIDadso.3ay eulyd P R CRICTg}
sawodIN0 |2A3] winissejod uo paseq uoljeziiogaje) ady Japuan Jsquinu ugisap Apnis Anuno) ERIIEYETEN|
|elol

S3IPN3S JUIDBJ Ul SDWOIINO0 4T -PIAOD Y3IM UOIJEIIUSOUOD Wwinissejod wnJas Jo uonenossy T 3719V 1L



NOORI ET AL

8013 | WILEY

“1/IoWW G, 0} Of [9AS] Winissey

-od yym sjusired Ul ueyy J/joww 0°'G<
19A9] winissejod yum sjuaijed ul Jay3iy
sawl} (LT0°0 =d ‘62°€T-6C°T ‘1D %S56)
$1°E sem Ajljerow Aep-Qg ‘S19punojuod
|eryusjod Joj pajsnipe |9pow uoissa43ad
X0 djelieAlnw ayy uj (11)(TO00 > d)
Y499 Jamoj pue (1000 > d) NNg pue
(TO0'0 > d) suiuneaud Jaysiy pey J/joww

0'G< wnissejod wnJias Ypm sjualied (1)

(£0°0 = d) dnoJs ejws|jexowlou ay} uey}

J9ys8iy sem dnoug elws|exodAy sy ul JaA94

UoISSIWpe JO awi}

a1 1e (6T0°0 = d) a3ewep anssiy J91eau3
e pue (T00'0 = d) uoljeanies O JaMo|
‘(9€0'0 = d) HA1 PUe (#€0'0 = d) d¥D 40

|9A9] Joy31y e pey elws|exodAy ypm sjusiied

(200°0 = d) uoneinp
dn-molj|o4 4a3uo| e pue (700 = d) 9402s

V40S 421y pey elwsexodAy yym susiied

(T00'0 > d ‘099'0 = 4) S9sed SAYV U!
oljed cOl4:¢0ed Y3m uolje|a.aiod aAlysod
JuedLIUSIS B PAMOYS OS|e S|9AS| Wnisse
-od ()(T00'0 > d ‘8z 0— = 4) J98uoa3s
A]juedyusis sem Uol3e[24400 3y} ‘Sased
SA¥v ul Ing (100°0 > d ‘€9%°0— = 4)
S|9A3] d¥D Y}M UOIje|2.110D dAI3ESDU Jued
-41udis e pamoys S|aAs| wnissejod ‘sased

[B303 U] (11)2iwia[exodAy alam SAYV Yim

S9sed 4T-PIA0D JO %0/ AjPlewixoiddy (1)

sawodnQ

(#T = u) < wnissejod wnuag

(Sp = u) 6> ‘G'H< wnissejod wWNIIg

(£G = u) 1/joww GH> ‘42 wnissejod wniag
(0Z = u) T/j0Www o'y> wnissejod wnJsg

(£Z = u) elwa|e)OWION
(6 = u) elwa|exodAH

(£Z = u) elwa[e oWL.IoN
(9T = u) eWBIBYOdAH

(TLT = U) elwa(e)owIoN
(61T = U) elwa|eodAH

(€T = U) elwa(eyJadAH e
(28 = U) BIWDRNOWION e
(19 = u) elwaje)odAH e

|9A3] wnissejod uo paseq uoljeziioSajed)

(9vT :@S) TC9 uesN

(€91 :AS) 9'¢v ‘uBSN

(0'e9
-0 *¥OI) 0'9S :Uelpan

(8°€T :AS) 8'¥9 UeSN

£'9¢ uea|n
a8y

Slewsay
%661 9€T
Slewsy
%1°6E 9¢€
Slewsay
%Ly 1514
olewsay
%C'LT 06¢
Slewsay
%6'Ch 9T
J3pusn Jaquinu
lejol

140402
9AI103dsold

|euoI1329s-Ss0J)

14oyod

9AI1309ds04)9y

}Ioyod
9AI1309ds04)9y

|BUOI}D35-S504D)

usisap Apnis

euyd

pueieyL

eissny

Aley|

elpuj

A1uno)

(panunuo))

og 18 32 N

wle P
T8uoswoseN

& 1€ 39 UDjISqIS |

Lo 1B 39 oueyly

1018 39 Aoy

UBIDJY

T 378avl



NOORI ET AL.

WILEY__| 2%

injury, have been reported in many SARS-CoV-2 cases.”? Direct viral
invasion through the ACE2 receptors, advanced release of
inflammatory cytokines, and a mismatch between myocardial oxygen
supply and demand are the possible mechanisms of myocardial
damage and subsequent arrhythmia.”® In a study of 4,526 patients
with Covid-19 across the world, almost 18% had arrhythmia.”® Atrial
arrhythmia was the most frequent (81.8%), followed by bradyar-
rhythmia (22.6%), and ventricular arrhythmias (20.7%).”%

Potassium plays a crucial role in modifying resting membrane
potential, thus deviations from normal potassium levels results in
electrophysiological perturbations and unfavorable effects on
the cardiac electrophysiology.”> An elevated serum potassium
level is known to cause abnormal heart rhythms.”> The electro-
cardiographic (ECG) signs of hyperkalemia vary from deadly
sine waves and bradyarrhythmia in severe hyperkalemia, to
nonspecific changes, such as a flattened P wave, widened QRS
complex, and a peaked T wave in moderately increased potassium
levels.”®

Although both low and high levels of potassium are arrhyth-
mogenic conditions, research has shown that the incidence of
ventricular fibrillation is five-time higher in hypokalemic patients
than in hyperkalemic.”® Severe hypokalemia potentially contributes
to QTc interval prolongation, life-threatening arrhythmia of Tor-
sades de Points (TdP), and sudden cardiac death.”” In addition to
the high risk of hypokalemia in Covid-19 patients, and the ensuing
increased risk of TdP, frequently prescribed drugs, including
hydroxychloroquine, chloroquine, lopinavir/ritonavir and azi-
thromycin are listed as definite causes of TdP.”” Therefore, as
infected patients are inherently, or as a consequence of various
medications, susceptible to multiple arrhythmias, continuous ECG
monitoring and the optimization of potassium balance are recom-
mended in clinical settings.

5.1 | Some considerations in the management of
hypokalemia and hyperkalemia

Both hypokalemia and hyperkalemia are often asymptomatic.?®
Patients with serum potassium levels below 2.5 mmol/L and above
6.0 mmol/L are predisposed to cardiac arrhythmias, muscle weak-
ness, paralysis and respiratory failure.?® The immediate goals of
treatment are to prevent lethal cardiac conductance and muscular
disturbances. Following this, interventions should diagnose and
address the underlying causes. Although the management of potas-
sium abnormalities does not differ greatly between Covid-19 and
non-Covid-19 patients, below we focus on some important clinical

considerations.

5.2 | Hypokalemia

e Regarding the high risk of TdP arrhythmia in patients with

Covid-19, it is important to correct any electrolyte disturbances,

with special attention to hypokalemia, before starting QTc pro-

longation drugs. If QTc exceeds the preset threshold of 500 ms, or

60 ms from baseline, unnecessary QT prolongation drugs should

be withdrawn and serum potassium levels should be kept at >4.5

mmol/L.”3

e Considering the hypokalemic state of some Covid-19 patients,
those who are on digoxin therapy may be at an increased risk of
developing hypokalemia-induced digoxin toxicity, so they should
undergo close serum digoxin monitoring until potassium levels are
normalized.”®

e In cases where hypokalemia is due to intracellular shifting, given
the fact that the total body reserves of potassium have not been
depleted, less aggressive correction of the serum potassium level
is proposed, in order to reduce the risk of rebound hyperkalemia.?®

e Concomitant magnesium deficiency must be corrected, in order to
optimally treat hypokalemia.”®

e Serum potassium levels in diabetic ketoacidosis (DKA) manage-
ment should be monitored carefully, for Covid-19 patients with
diabetes. Upon initiation of insulin therapy and fluid resuscitation,
the DKA patient is particularly vulnerable to depleted potassium
levels. Because of the frequent occurrence of hypokalemia in
Covid-19 patients, hypokalemia would be expected to be more
profound during the management of DKA patients who are
affected by SARS-CoV-2.5°

5.3 | Hyperkalemia

e Administration of sodium polystyrene sulfonate as a potassium
binder for hyperkalemic patients was shown to increase the risk of
intestinal ischemia and thrombosis.8? Clinicians must be alert to
the incremental risk of thrombosis in patients with Covid-19, due
to the thrombogenicity feature of the disease.®?

e Hyperkalemic patients who do not respond to potassium
lowering agents, or are suffering from severe kidney function
impairment, are typically treated with hemodialysis. The prefer-
able hemodialysis modality in patients with Covid-19 is contin-
uous renal replacement therapy (CRRT), which is more easily
tolerated in hemodynamically unstable patients. However, CRRT
has a higher risk of circuit clotting, due to low blood flow, in
comparison to intermittent hemodialysis (IHD).8%%* Due to the
procoagulable nature of Covid-19, the administration of antico-
agulants is necessary during CRRT, but heparin-induced hyper-
kalemia may further deteriorate the elevated potassium levels in
patients using this approach for improving hyperkalemia.® In

contrast, IHD allows a rapid drop in serum potassium levels and

reduces the need for anticoagulants.* In order to minimize the
risk of rebound hyperkalemia, after hemodialysis, it would be

better to keep the dialysate potassium concentrations above 2

mmol/L8 In comparison to hemodialysis, the rate of potassium

removal is much lower in peritoneal dialysis and also its utili-
zation is challenging in critically ill Covid-19 patients, owing to

their prone position that will increase abdominal pressure,
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reduce respiratory system compliance, and enhance the risk of
fluid leakage.t”

Finally, the correction of potassium abnormalities not only en-
hances the prognosis of patients with Covid-19, but research has also
shown that potassium levels tend to become normalized at the same
time as improvements in the disease.!’ Therefore, along with treating
Covid-19, clinicians must also be careful to keep potassium levels

within the normal range.

5.4 | Limitations

This study has some limitations that requires cautions when
generalizing our findings. The main one being the marked heteroge-
neity of the pooled estimations, which probably was due to the
differences in sample sizes and baseline characteristics of the
patients. Furthermore, consistent threshold was not applied among
included studies for defining hypokalemia and hyperkalemia, which
may lead to misestimation of overall pooled analysis. In addition, the
majority of included study were retrospective and analyzed the data
of hospitalized patients that are more susceptible for electrolyte
abnormalities, highlighting the risk of selection bias. Finally, there are
several risk factors that might influence prognosis of Covid-19.
Therefore, although the included articles have adjusted the outcome
variables for several potential confounders, the observational studies
are always prone to some unexpected confounding factors that
should be considered when the association between potassium dis-
orders and prognosis of Covid-19 patients is interpreted.

6 | CONCLUSION

Potassium disorders are prevalent in patients with Covid-19, with
a proportion of 24.3% for hypokalemia and 4.15% for hyper-
kalemia. Both hypokalemia and hyperkalemia are correlated with a
poor prognosis and outcomes. The early detection and manage-
ment of potassium changes, along with close ECG monitoring,
could prevent the incidence of life-threatening arrhythmias,
particularly in critically ill patients. Future studies should consider
characteristics of participants, including age, gender, co-
morbidities, existing pharmacotherapies, and poor lifestyle risk
factors, such as cigarette smoking and obesity. Investigation of
these factors will enable a better understanding of hypokalemia
and hyperkalemia pathogenesis and more targeted treatment

recommendations.
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