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1. Introduction

Coronavirus Disease 2019 (COVID-19), which is arisen from Se-
vere Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
infection, has become a global threat and challenge. As of 12 July
2022, there have been over 554 million confirmed cases and more
than 6 million deaths [1]. Fever, cough, dyspnea, fatigue and diar-
rhea are reported to be common symptoms of COVID-19 in most
patients [2—4]. Though known mainly for respiratory symptoms,
the clinical spectrum of COVID-19 varies, from asymptomatic or
mild presentation of upper respiratory tract infection, to multiple
extrapulmonary manifestations related with the gastrointestinal,
cardiovascular, dermatological, renal systems, etc. [5—9]. Shi et al.
reported that COVID-19 patients with cardiac injury were much
prone to develop other complications, including acute respiratory
distress syndrome (ARDS), acute kidney injury (AKI), electrolyte
disturbance, etc, and also showed a higher mortality, suggesting
cardiac injury as a potential death risk factor for COVD-19 patients
[10]. AKI is another common complication that is associated with
mortality and severity of COVID-19 [9,11]. Therefore, out of neces-
sity, we are going to investigate the association between COVID-19
and dysfunction of cardiovascular and renal systems.

In the present review, we will summarize and discuss the con-
sequences of COVID-19 on cardiovascular and renal systems from
aspects of the possible pathophysiological mechanisms, risk factors,
clinical manifestations, diagnosis and treatments, as well as
prognosis.
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2. Pathophysiological mechanisms

SARS-CoV-2 is a single-stranded RNA virus, which belongs to the
Coronaviridae family [12]. Sharing about 80% sequence identity
with SARS-CoV, SARS-CoV-2 enters the host cells through specific
targeting and binding activities between the spike (S) protein and
angiotensin-converting enzyme 2 (ACE2), the same mechanism as
SARS-CoV [13—16]. The cellular serine protease TMPRSS2, which is
helpful for further binding and fusion, also participates in this
binding activity [15—18]. Gupta et al. had well concluded the
possible pathophysiological mechanisms of COVID-19 as: (1) direct
viral toxicity; (2) dysfunction of the renin-angiotensin-aldosterone
system (RAAS); (3) endothelial cell damage and thrombosis; (4)
dysregulation of the immune response [19]. To better illustrate the
pathophysiological mechanisms of COVID-19 related cardiovascu-
lar and renal dysfunction, we are trying to state the possible
mechanisms based on these aspects.

2.1. Direct toxicity of virus

SARS-CoV-2 primarily spreads through respiratory transmission
[20]. As noted above, the binding of S protein to ACE2 is essential in
the process of entry. SARS-CoV-2 is considered more pathogenic
due to its increased binding affinity to ACE2 [15,21]. ACE2 protein is
wildly expressed in multiple organs, including the small intestine,
kidneys, heart and lung [22—24]. The wide distribution of ACE2
could explain the positive detection of SARS-CoV-2 in the speci-
mens of feces, urine and sputum from patients with COVID-19 [25]
and multiple extrapulmonary manifestations of COVID-19. In
addition, CD147, which is expressed in the coronary tree, epicardial
nerves, and renal tubular cells, has been identified to medicate
SARS-CoV-2 entering host cells through endocytosis [26—28],
making it reasonable for heart and kidneys being the potential
targeting organs.

Viral particles of SARS-CoV-2 have been detected in heart and
renal tissues, including myocardium, glomerular cells, proximal
tubular epithelium, podocytes and distal tubules by electron mi-
croscopy [29—32]. Endocardial inflammation, cardiomegaly, and
right ventricular dilatation were reported in patients who died with
COVID-19 [32,33]. Necrosis of myocytes and interstitial tissue, and
infiltration of macrophages and lymphocytes were also observed in
COVID-19 patients by microscopic evaluation [33,34].
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Histopathological findings in kidney of those infected also showed
diffuse proximal tubule lesions, prominent erythrocyte aggregation
and obstruction of peritubular and glomerular capillary loops [29].
These findings strongly support the direct viral toxicity of SARS-
CoV-2 to heart and kidneys.

2.2. ACE2 and the renin-angiotensin-aldosterone system (RAAS)

ACE2 is not only a binding receptor for SARS-CoV-2 entering
target cells, but also a negative regulator for the RAAS, a hormonal
axis that is associated with blood pressure, sodium retention, po-
tassium excretion, pro-inflammatory and pro-fibrotic effects, as
well as tissue remodeling [35,36]. Angiotensin II (Ang II) is one of
the main key active products of the RAAS, and participates in all
classical functions mentioned above by binding to the AT, receptor
[35]. ACE2 acts as a negative regulator of the RAAS by: (1) limiting
the amount of Ang II by transferring angiotensin I into angiotensin
(1-9) to reduce the substrate and the production of Ang II; (2)
countering the functions of Ang II by converting Ang II to angio-
tensin (1—7), which counteract the actions of the AT; receptor by
binding to the Mas receptor or the AT, receptor [35,37].

Competitive binding of the coronavirus to ACE2 will lead to
downregulation of ACE2, resulting in accumulation of Ang II and
activation of the RAAS, leading to further renal and heart hypo-
perfusion, dysfunction, fibrosis and tissue remodeling [37—40]. Ang
II also acts as a pro-inflammatory cytokine, leading to endothelial
dysfunction, vascular hyperpermeability, upregulation of vascular
endothelial growth factor (VEGF) and activation of circulating im-
mune cells [40—43]. It has been reported that activation of the
RAAS is associated with kidney and cardiovascular injury via
inflammation and fibrosis [39,41—44]. This association between the
RAAS activation and AKI was further confirmed in patients with
COVID-19 [45]. However, the interaction between the RAAS and
SARS-CoV-2 still requires more detailed researches.

2.3. Endothelial cell damage

Vascular endothelium is indispensable to maintain vascular
homeostasis through regulation of vascular tone, immune
response, inflammation, as well as the balance of thrombotic and
fibrinolytic pathways [46,47]. Its dysfunction is demonstrated to be
associated with inflammation, vasoconstriction, tissue ischemia,
and thrombosis [48]. Endothelial injury is a common pathological
change associated with the intracellular SARS-CoV-2 virus in
COVID-19 patients [49,50]. Observed diffuse endothelial inflam-
mation is suspected to be linked to direct viral toxicity or recruit-
ment of immune cells [50]. ACE2 is presented on vascular
endothelial cells and arterial smooth muscle cells [24], making it
reasonable for the observation of virus particles within renal and
heart endothelial cells in COVID-19 patients [32,50]. Notably, ACE2
staining was much more positive in vascular endothelium than in
other part of kidney tissues [24], suggesting that the endothelium
may be the most vulnerable in defending viral attack, and sec-
ondary subsequent endotheliitis may be the dominant mechanism
of renal injury and other organ damage in SARS-CoV-2.

Furthermore, exposure of sub-endothelial collagen caused by
endothelial injury will lead to platelet aggregation and subsequent
thrombosis formation [51]. A multicenter cohort study showed that
D-dimer, fibrinogen, and Von Willebrand (VWF) activity were all
considerably elevated in critically ill patients with COVID-19 [52].
Autopsy reports reported the existences of deep venous thrombosis
(DVT) and pulmonary embolism formation (PEF) in patients with
COVID-19 [31,33]. Fibrin thrombus in renal glomerular capillary
loops was also observed in patients with COVID-19, which was
thought to be the result of severe endothelial injury [29], and to be
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an important mechanism of AKI [53].

It's known that children aren't susceptible to SARS-CoV-2, and
are less likely to develop severe complications than adult patients.
Scientists believe the difference between children and adults can be
explained by the different condition of vessels [54]. In adult pop-
ulation, patients with pre-existing diseases that compromise the
endothelium, such as diabetes and hypertension, always developed
into severe COVID-19 and poor outcome [55,56]. These evidences
strongly suggest us to focus on the endothelium injury.

2.4. Dysregulation of immune response

The unbalanced immune/anti-immune response is one crucial
characteristic of COVID-19. Increased pro-inflammatory cytokines
and decreased lymphocytes are two main features of immune
response dysregulation [57—59]. The former was associated with
the immune cell activation and subsequent cytokine storm in pa-
tients with COVID-19 [60], as occurred in H7N9 influenza, SARS and
MERS infections [61—63]. In fact, a new process, known as viral
sepsis, was assumed to be linked to multiple organ dysfunction
(MODS), in patients with COVID-19 [64]. Once activated, immune
cells, such as monocytes and macrophages, can release quantities of
pro-inflammatory cytokines and chemokines [65], such as TNF-a,
IFN-a, IL-1, IL-6, IL-8, GM-CSF and MCP-1, which were increased in
patients with COVID-19, proving the involvement of cytokine storm
[57]. If not treated adequately in time, cytokine storm could lead to
systemic inflammation, MODS, and even death [66], and was
associated with severity of disease, as critically ill COVID-19 pa-
tients were reported to have higher levels of those cytokines [57].
Macrophages and T lymphocytes found in the tubulointerstitium,
in addition to the complement membrane-attack complex (MAC)
found on tubules or glomeruli, suggested the participation and
activation of immune system in renal damage in COVID-19 [67].

Lymphopenia is another common clinical manifestation of
COVID-19 and has been reported as a risk factor for severe COVID-
19 [58]. Reduction of lymphocytes is thought to be associated with
direct viral toxicity via CD147, lymphatic organ damage and cell
apoptosis resulted from increased pro-inflammatory cytokines
[58,68—70]. Increased pro-inflammatory cytokines and decreased
lymphocytes strongly suggested the presence of dysregulation of
immune system in the pathogenesis of COVID-19, and are also
expected to be a therapeutic target [53].

2.5. Other possible mechanisms

The side effects of antiviral drugs during the treatment of
COVID-19 might induce organ toxicity. Hydroxychloroquine and
azithromycin were reported to be associated with prolonged QT
interval and drug-induced torsades de pointes, leading to high risk
of malignant arrhythmia and cardiac death [71]. Other drugs,
including antibiotics, antiviral therapy or traditional medicine, are
also related to renal injury, especially tubular injury and acute
interstitial nephritis during the treatment in other settings [72].

Severe COVID-19 patients usually have impaired respiratory
function, which often induces hypoxia and insufficient oxygen
supply. Considerable fluid losses, resulting from hyperpyrexia and
diarrhea, also contributed to volume depletion and perfusion
reduction, causing cellular ischemia and hypoxia damage. Mean-
while, systemic inflammatory condition, ROS produced during
hypoxia, combined with excessive anxiety and stress increased the
oxygen demand of heart. Unbalanced myocardial oxygen supply
and demand would lead to further deterioration of cardiac function
[73]. The neutrophil activation and increased circulating neutrophil
extracellular traps (NETs) in COVID-19 indicated the role of oxida-
tive stress in the onset of COVID-19 [74]. Besides, patients with
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ARDS are inherently prone to have AKI and atrial arrhythmias, as
complications of mechanical ventilation [75,76]. Proteinuria, a
manifestation of COVID-19, can also cause secondary renal damage
[77]. All of the evidence highlighted the existence and significance
of the indirect mechanisms of cardiovascular and renal dysfunction
related to COVID-19.

3. Risk factors
3.1. Risk factors for COVID-19 related cardiovascular dysfunction

A cohort study from New York reported that atrial arrhythmia
was more common in patients receiving mechanical ventilation
than in those who didn't (17.7% vs 1.9%), implying mechanical
ventilation may act as a risk factor for arrhythmia [76]. Cardiac
arrhythmia, including new-onset atrial fibrillation, heart block, and
ventricular arrhythmias, was also reported to be associated with
disease severity of COVID-19, as the incidence of cardiac arrhythmia
was higher among ICU patients than among normal hospitalized
patients (44% vs 17%) [4]. The complications that always combined
with cardiovascular lesions including diabetes, hypertension, and
pre-existing CVD are also related to severity of COVID-19 [78,79].

3.2. Risk factors for COVID-19 related renal dysfunction

The related risk factors were well summarized in the consensus
report of the 25th ADQI workgroup [53]. Apart from demographic
characteristics and other risk factors (leukocytosis, lymphopenia,
ventilation, nephrotoxic drugs and so on), comorbidities including
diabetes, hypertension, CVD, congestive heart failure and chronic
kidney disease are considered as risk factors for COVID-19 related
AKI [53]. All of these comorbidities could lead to subsequent renal
damage [80—82]. A postmortem study of patient died with COVID-
19 reported that endothelial cell swelling with foamy degeneration,
which appeared in older patients usually with hypertension or
diabetes, was observed in glomeruli [29]. Thus, the susceptibility of
these populations may be associated with endothelial injuries and
microcirculation disturbances, which are common in patients with
diabetes, hypertension or CVD [83,84].

4. Clinical manifestations and diagnosis
4.1. Cardiovascular dysfunction and diagnosis

Cardiovascular manifestations, including arrhythmia, acute
cardiac injury, heart failure, and cardiomyopathy, as well as
thromboembolism, are common clinical features in COVID-19
[7,10,57]. Myocardial injury was reported in 20—30% of COVID-19
inpatients, with a higher rate (55%) in patients with pre-existing
CVD [7,10]. According to a multicenter cohort research, myocar-
dial injury was observed in 62% of hospitalized COVID-19 patients,
who had more ECG and echocardiographic abnormalities, as well as
higher inflammatory biomarkers [85].

Diagnosis of cardiovascular dysfunction or cardiac injury can be
done through several approaches. Troponin T was usually used to
diagnose acute cardiac injury, if the serum level of it exceeded the
99th percent upper reference limit [10,57]. Other biomarkers, such
as creatine kinase-myocardial band (CK-MB), myoglobin, and N-
terminal pro-brain natriuretic peptide (NT-proBNP), which were
reported to be elevated in COVID-19 and associated with severity
and mortality of COVID-19 [7,86—90], can also be used as indicators
for acute cardiac injury. Apart from these laboratory tests, elec-
trocardiographic (ECG), echocardiogram, and cardiovascular mag-
netic resonance (CMR) were all wuseful complementary
examinations to help diagnosis, monitor, and perhaps predict
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prognosis in COVID-19 patients with cardiac involvement
[10,91,92]. The abnormal ECG findings, such as atrial fibrillation,
ventricular arrhythmias, left ventricular hypertrophy, QT interval
prolongation, and ST segment and T wave changes were reported in
COVID-19 patients with cardiac injury [10,93—95]. In some cases,
it's hard to interpret the elevation of cardiac troponin levels or ECG
changes, because these changes may be unspecific or due to a wide
range of cardiac insults. Echocardiogram is portable, safe, and
usually more readily deployed, and it is necessary in monitoring
hemodynamics and evaluating cardiac structures [96]. CMR is also
an excellent tool for evaluating cardiac function and cardiovascular
abnormalities [97].

4.1.1. Arrhythmia

Arrhythmia is a common clinical manifestation in COVID-19.
During hospitalization of COVID-19, the incidence of malignant
arrhythmia was higher in patients with high TnT levels, and
arrhythmia is more common among COVID-19 patients in ICU
[4,7,98]. There was no evidence of direct association between
COVID-19 and arrhythmia so far. According to previous experience,
Electrolyte disorder, hypoxia, inflammatory response, stress and
anxiety all contributed to the incidence of cardiac arrhythmia
[98—100]. In addition, drug interactions, such as azithromycin and
hydroxychloroquine, lopinavir and ritonavir may also lead to
arrhythmia [101,102]. Thus, ECG should be closely monitored in
patients with potential myocardial injury for early intervention.

4.1.2. Acute cardiac injury and heart failure

Acute myocardial injury is one the most commonly reported
cardiovascular complications in COVID-19. Previous studies
revealed that 8-28% of COVID-19 patients developed acute
myocardial injury characterized by the changes on ECG, and the
elevation of cardiac injury biomarkers, including troponin, NT-
proBNP, and myoglobin, etc. [7,57]. The mechanisms underlying
cardiac injury may be concluded as direct myocardial injury of the
virus, systemic inflammatory response, myocardial oxygen demand
supply mismatch as described above [103]. Myocarditis is a com-
mon form of myocardial injury reported in COVID-19 patients, and
could be featured by macrophage and mononuclear infiltration in
interstitium and endocardium [104]. In addition, cardiac tampo-
nade complicating myo-pericarditis was also reported [105].

According to a study, heart failure was reported in 23% of all
hospitalized COVID-19 patients, and half of non-survivors devel-
oped heart failure [106]. Similar to the mechanisms of acute cardiac
injury, the onset of heart failure might be caused by the direct viral
injury and the systemic inflammation response. Besides, pulmo-
nary embolism formation under the hypercoagulable state during
disease process may also cause acute right ventricular failure [107].

4.1.3. Stress-induced cardiomyopathy

Stress-induced cardiomyopathy, also known as Takotsubo car-
diomyopathy (TCM), has a dramatic clinical presentation, usually
mimicking the acute myocardial infarction and could be induced by
physical stress [108]. Recently, a 67-year-old woman with TCM sec-
ondary to COVID-19 infection was reported, in which case, marked
repolarization abnormalities on ECG in the absence of ongoing se-
vere cardiovascular problems were observed [109]. Another case
report also described a TCM, which was resulted from co-infection of
COVID-19 and influenza A [110]. It is noteworthy that in patients with
elevated level of cardiac injury biomarkers, consideration of stress-
induced cardiomyopathy must not be ignored.

4.1.4. Thromboembolism
The direct viral injury to endothelium and systemic inflamma-
tory responses during the disease process break the balance
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between pro-thrombotic and anti-thrombotic properties of the
endothelium, thus predisposing patients to a pro-thrombotic state
and triggering the activation of coagulation. According to recent
researches, hemostatic abnormalities associated with COVID-19
comprised elevated D-dimer, prolonged prothrombin time (PT),
increased international normalized ratio (INT), and elevated
thrombin time (TT) [111—113]. The pro-thrombotic condition could
increase the risk of both arterial thrombosis and venous thrombus
embolism (VTE), which include pulmonary thromboembolism
(PTE) and deep vein thrombosis (DVT), as reported in severe
COVID-19 patients [114,115]. According to a recent cohort study,
20% of COVID-19 inpatients developed VTE [116]. All of these
necessitated the demand of antithrombotic prophylaxis in patients
at high risk of VTE. Tang et al. found no difference of 28-day mor-
tality between heparin users and nonusers. However, in patients
with sepsis-induced coagulopathy scoring >4 or D-dimer more
than 6 times the upper limit of normal, the 28-day mortality was
lower in heparin users than nonusers [117]. Platelet counts have
been reported to be associated with respiratory function in COVID-
19, and antiplatelet therapy has shown its effectiveness in
improving hypoxemia and helping ventilator weaning [118,119].

4.2. COVID-19 related renal dysfunction and diagnosis

AKl is a common complication in patients with COVID-19, and is
associated with mortality and severity of COVID-19 [9,11]. Renal
dysfunction in COVID-19 is not limited to AKI, but also includes
other clinical manifestations, including proteinuria (43.9%), hema-
turia (26.7%), increased creatinine (13.1%) and blood urea nitrogen
(14.4%), as it was reported in patients with COVID-19 [9]. According
to the ADQI workgroup recommendation, the KDIGO criteria based
on serum creatinine level and urine output, was nominated for the
diagnosis and report of AKI [53]. Urinalysis can also not be ignored
for its role in diagnosis of proteinuria and hematuria. Renal injury
biomarkers, such as cystatin C, aj-microglobulin, neutrophil
gelatinase-associated lipocalin, kidney injury molecule-1 and IL-18,
were also reported to be helpful in the early detection of AKI and
predicting subsequent deterioration of renal function in patients
with septic AKI [120], and may play the same role in COVID-19
related AKI.

4.2.1. AKI

AKI is a common complication in patients with COVID-19, and
also be identified as a death risk factor for COVID-19 patients [9,11].
The incidence of AKI among COVID-19 patients is reported higher
than among COVID-19 negative patients [121], varying from 3% to
56.9% [4,75,104,121]. Among critically ill COVID-19 patients during
the first 7 days in ICU, the incidence of AKI is approximately 80%,
much higher than 36.6% in normal population [11,75]. The kidney
injury was thought to be associated with high co-expression of
ACE2 and TMPRSS on podocytes and proximal straight tubule cells
[122], and the direct viral effects on these two kinds of cells are
suspected to be one of the main causes of AKI in patients with
COVID-19 [122].

4.2.2. Proteinuria

The reported incidence of proteinuria in COVID-19 inpatients
ranged between 43.9% and 87% [9,75,123]. Podocytes and proximal
straight tubule cells play vital roles in urine filtration reabsorption
and excretion, and are identified to be host cells of SARS-CoV-2
[122,124]. Damage to podocytes often leads to proteinuria, a com-
mon characteristic of most glomerular diseases [124,125]. Podo-
cytes assist in maintaining the glomerular filtration barrier.
Podocytes are bridged by slit diaphragm, which is the component of
the glomerular basement membrane (GBM), along with the actin

34

Sleep Medicine 100 (2022) 31-38

cytoskeleton and cell adhesion molecules [124,125]. Damages to
these components often result in proteinuria. And proteinuria, in
turn, may cause secondary renal damage by exerting a direct toxic
effect on renal tubular cells and promoting renal fibrosis over time
[77].

4.2.3. Hematuria

Hematuria is another frequent clinical feature of renal injury.
Reported incidence of hematuria in COVID-19 varies from 26.7% to
40.9% [9,75]. In most cases, hematuria is related to glomerular
injury, especially the defects of GBM [126,127]. Recently, the
interaction of renal inflammation with glomerular hematuria has
been noticed. IgA nephropathy (IgAN) is the most common primary
glomerulonephritis and the most common cause of glomerular
hematuria [127,128]. In an experimental model of IgAN, the in-
flammatory and incidence of hematuria were decreased after
treating with an IgA1 protease [129]. Evidence from several case
reports also validated potential association between IgAN and
SARS-CoV-2 vaccination [130,131]. However, it's too soon to draw a
conclusion that hematuria is related to the renal inflammation and
complement deposition caused by SARS-CoV-2 infection, as sparse
evidence has been found.

4.2.4. Increase of serum creatinine and blood urea nitrogen

Serum creatinine and blood urea nitrogen are both indicators for
renal function, and usually increase when GBM has been damaged
and glomerular filtration rate (GFR) has been decreased [132,133].
Increased serum creatinine and blood urea nitrogen were observed
in 13.1% and 14.4% of patients with COVID-19, separately [9]. Serum
creatinine is the most commonly used biomarker of renal injury.
Serum creatinine and blood urea nitrogen are both formed during
protein metabolism, and are almost completely eliminated through
the kidneys [133]. Creatinine has a low molecular weight and may
cross GBM freely. Thus, the increase of serum creatinine level re-
flects damaged GBM and decreased GFR in COVID-19 patients.

4.2.5. Increase of kaliuresis

The Kidneys play an essential role in maintaining the fluid and
electrolyte balance. Hypokalemia is a complication associated with
continuous real potassium loss. One cohort study [99] of 175 pa-
tients of COVID-19 reported that 55% patients developed hypoka-
lemia (18% with severe hypokalemia), whereas the proportion of
hypokalemia among critically ill patients reached 85%. The authors
also mentioned that hypokalemia might be associated with
enhanced potassium excretion, which was secondary to activation
of the RAAS, caused by the reduction in ACE2 activity [99,134].
However, other researchers believed that hypokalemia might also
be secondary to diarrhea induced by SARS-CoV-2, the use of di-
uretics or other drugs, and cannot be simply explained by activation
of the RAAS, at least more evidence should be presented [135].

5. Treatments
5.1. Antiviral therapy

SARS-CoV-2 infection have been broadly described as one of the
most common causes of cardiovascular, renal, and other compli-
cations [26,29—-32,42]. Hence the antiviral therapy is a very
necessary part of alleviating extrapulmonary manifestations.
Remdesivir, a nucleotide analogue prodrug which has been
considered as the most promising antiviral drug for COVID-19, has
shown its superiority in shortening the time to recovery and clinical
improvement in inpatients with COVID-19 [136—138], and has been
granted for COVID-19 to meet the urgent demand for treatment of
inpatients by the FDA [139,140]. Other monoclonal antibodies, such
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as ritonavir-boosted nirmatrelvir, bebtelovimab, and molnupiravir,
were also approved to be used in patients with COVID-19 [141].
Tixagevimab-cilgavimab, a neutralizing monoclonal antibody
combination, also reported to be helpful in reducing mortality in
COVID-19 patients [142]. However, lopinavir—ritonavir, which is
typically used against HIV, shown no benefit in treating COVID-19
compared with standard treatment [143]. Although some studies
have shown that antiviral therapy has a certain degree of effect,
more large-scale randomized and placebo-controlled clinical trials
are required to further verify.

Chloroquine and hydroxychloroquine, which can potentially
block the entry of virus into cells, and mediate immunomodulatory
effects, have now been widely lavished as effective agents for
COVID-19 [7]. Treatment with hydroxychloroquine was signifi-
cantly associated with a reduction/disappearance of viral load
[144], and showed its highly effectiveness in reducing the mortality
of severe COVID-19 patients [145]. However, no evidence, which
supported the role of hydroxychloroquine administration in
reducing the composite endpoint of intubation or death, was found
[146]. A meta-analysis reconfirmed this conclusion, and further
pointed out that the use of chloroquine and hydroxychloroquine
even increased the adverse events [147].

5.2. Angiotensin-converting enzyme inhibitors (ACEI) or
angiotensin receptor blockers (ARB) treatment

ACE2 is the receptor for SARS-CoV-2. Cardiac pericytes, podo-
cytes and proximal tubule cells with high expression of ACE2 were
considered as target cells of SARS-CoV-2 [122,148]. More impor-
tantly, patients with underlying heart failure showed increased
ACE2 expression, indicating a higher risk of heart attack and criti-
cally ill condition, once these patients were infected by SARS-CoV-2
[149]. ACEI/ARB treatment have shown effectiveness in improving
virus-induced lung damage in animal models of SARS-CoV-2
infection [14]. Inpatient use of ACEI/ARB was also associated with
lower risk of all-cause mortality compared with nonusers in COVID-
19 [150]. A population-based case-control study also confirmed the
safety of ACEI/ARB, and reported no evidence that ACEI/ARB
modified susceptibility to COVID-19 [151]. The American Heart
Association recommended that patients with hypertension should
continue to use ACEIs, ARBs, or other RAS antagonists except for
clinical reasons rather than COVID-19 [152]. However, hypotension
and decreased filtration fraction are common adverse effects of
ACEI/ARB administration that could cause or exacerbate AKI, thus
the application of ACEI/ARB in COVID-19 patients with potential
risk of AKI should be fully considered [53].

5.3. Anti-inflammatory, antioxidant and vitamin supplement

Cytokine storm plays an important role in COVID-19 myocardial
injury [153]. Available evidence showed non-steroidal anti-in-
flammatory drugs may be associated with cardiovascular outcomes
and nephrotoxicity, but so far, no evidence relating specifically to
people with COVID-19 has been found [154—156]. Oxidative stress
was thought to participated in the course of COVID-19, and new
therapeutic approach [74]. Thus, antioxidants such as N-acetyl-I-
cysteine in combination with elastase inhibitors were recom-
mended to be applied in patients with severe COVID-19. Vitamins,
such as Vitamin D and Vitamin C, as well as other supplements
might also be beneficial in treating COVID-19 [157,158].

5.4. Immunomodulatory therapy

Corticosteroid is not recommended to routinely treat all COVID-
19 patients because it may aggravate lung damage [159]. However,
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considering the effects of cytokine storm in COVID-19, immuno-
suppressive therapy that suppresses the hyperinflammatory
response may be beneficial [160]. Good news came that methyl-
prednisolone was beneficial in reducing mortality in severe COVID-
19 patients [161]. Another clinical research also reported that
dexamethasone reduced the 28-day mortality of hospitalized
COVID-19 patients receiving either invasive mechanical ventilation
or oxygen alone [162].

The use of convalescent plasma may also benefit for severe
COVID-19 patient, including direct neutralization of virus, control
of overactive immune system and immune regulation of hyperco-
agulable state [163]. This may be a potential method for the
treatment of COVID-19 patients with MODS including renal and
cardiac injury. In some cytokines, IL-6 contributes to the develop-
ment of cytokine storm and may play a vital role in extrapulmonary
manifestations associated with SARS-CoV-2 [164]. Anti-IL-6 anti-
body treatment has reported to be beneficial in treating COVID-19
[161].

5.5. Extracorporeal membrane oxygenation (ECMO) therapy

ECMO is an evidence-based therapy method for ARDS, but it is
not frequently used and is usually available in specialized centers
[165]. A case reported that a patient with SARS-CoV-2 infection and
cardiogenic shock regained hemodynamic stability after ECMO
treatment for 7 days [166]. The clinical application value of ECMO in
reducing mortality has been confirmed [167], but due to the large
amounts of resources required to provide and the limited avail-
ability of these resources, it can only play a limited role in the
current pandemic. Before applying ECMO to treat the patients with
COVID-19 and cardiac injury, whether the patient's other comor-
bidities are suitable for ECMO should be considered [168].

5.6. Renal replacement treatment (RRT) and other new approaches

So far, there are no guidelines for the timing, patterns and pa-
rameters setting of renal replacement treatment (RRT) in treating
COVID-19 related AKI, but rather previous clinical practice experi-
ence as a guide. It was reported that ventilation was one risk factor
for AKI. Specifically, 90% of patients with mechanical ventilation
developed AKI, and over half of the onset of AKI occurred within
24 h of intubation [75], suggesting early intervention and aggres-
sive treatment for lung injury may decrease the incidence of AKI by
reducing the demand for ventilation. Soluble urokinase receptor
(SuPAR) was found to be predictive for COVID-19 related AKI and
dialysis need [169]. It may serve as an indicator for COVID-19
related AKI. Scientists around the world are working on prom-
ising new therapies for COVID-19 related AKI. Clinical trials of cell
therapy (SBI-101 therapy), sodium bicarbonate, and angiotensin 1-
7 (TXA 127) and other promising therapies are ongoing in COVID-19
patients with AKI (NCT04445220; NCT04655716; NCT04401423).

Overall, vaccines are still the most promising way to cut down
the incidence of COVID-19 related cardiac and renal injury, through
reduced overall morbidity of COVID-19. Although no effective
treatment has yet been obtained, early recognition and interven-
tion can still help reduce mortality and improve the outcome of
COVID-19 patients with AKIL

6. Prognosis

There isn't much information and data on the prognosis of pa-
tients with COVID-19 related cardiac and renal injury. Based on
current evidences, patients with COVID-19 related cardiovascular
and renal dysfunction have a poor prognosis. According to a review
of 8 studies reporting totally 847 in-hospital cardiac arrest cases of
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COVID-19 patients, the in-hospital mortality was as extremely high
as 91.7% [170]. In 133 patients with COVID-19 receiving veno-
venous ECMO, just half patients (54%) survived until day 30 after
the implantation [171]. Although, study reported that symptoms of
proteinuria, hematuria and AKI were often resolved after 3 weeks
of onset [172]. Another observation study reported that, compared
with COVID-19 negative patients, COVID-19 patients with AKI had
less renal recovery, and those with stage 3 AKI were much more
likely to experience in-hospital death [121]. It was reported that
7.3% of COVID-19 patients without AKI died, and the mortality of
those with AKI (stage 1—3) not receiving dialysis and AKI receiving
dialysis were extremely high as 46.4% and 79.3%, respectively [173].
In COVID-19 related AKI patients who received RRT, the outcomes
were not so satisfying (63.3% of patients died) [174]. In patients
with COVID-19 related AKI, only 30% recovered from renal injury
and discharged alive [175]. These evidences generally point to a
poor prognosis of COVID-19 related cardiovascular and renal injury,
and suggest the importance of early identification and treatment of
COVID-19 related organ lesions.
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