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Abstract

Cardiovascular disease is a frequent complication and the
most common cause of death in patients with CKD. Despite
landmark medical advancements, mortality due to cardio-
vascular disease is still 20 times higher in CKD patients than
in the general population, which is mainly due to the high
prevalence of risk factors in this group. Indeed, in addition to
traditional cardiovascular risk factors, CKD patients are ex-
posed to nontraditional ones, which include metabolic, hor-
monal, and inflammatory alterations. The global severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pan-
demic has brought novel challenges for both cardiologists
and nephrologists alike. Emerging evidence indicates that
coronavirus disease 2019 (COVID-19) increases the risk of
cardiovascular events and that several aspects of the disease
may synergize with pre-existing cardiovascular risk factors in
CKD patients. A better understanding of these mechanisms
is pivotal for the prevention and treatment of cardiovascular
events in this context, and we believe that additional clinical

and experimental studies are needed to improve cardiovas-
cular outcomes in CKD patients with COVID-19. In this re-
view, we provide a summary of traditional and nontradition-
al cardiovascular risk factors in CKD patients, discussing their
interaction with SARS-CoV-2 infection and focusing on CO-
VID-19-related cardiovascular complications that may se-
verely affect short- and long-term outcomes in this high-risk
population. ©2021 S. Karger AG, Basel

Introduction

Cardiovascular events are currently the most common
cause of death in patients with CKD and represent an in-
creasingly prevalent health care problem globally [1].
This association is partly due to the fact that traditional
cardiovascular risk factors also drive CKD development
and progression. In turn, progressive renal function de-
terioration entails several metabolic, hormonal, and in-
flammatory alterations falling under the category of non-
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traditional risk factors, which predispose to cardiovascu-
lar morbidity.

The advent of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic has brought
novel challenges for both cardiologists and nephrologists,
especially in the management of patients with renal fail-
ure [2, 3]. Indeed, the SARS-CoV-2 outbreak remarked
the inherent frailty of CKD patients and the strong link
that exists between CKD and cardiovascular events. Car-
diac injury occurs in approximately 20-25% of hospital-
ized patients with coronavirus disease 2019 (COVID-19)
[4], and cardiovascular events and comorbidities are
among the most important drivers of mortality in this
context [5-7]. Emerging evidence also indicates that
CKD is a key risk factor for mortality in patients with CO-
VID-19 [8, 9]. Kidney involvement with hematuria and
proteinuria was found to be an independent predictor of
in-hospital death [10]. SARS-CoV-2 tropism for the kid-
ney and systemic responses to the infection may partly
account for the high incidence of acute kidney injury and
mortality due to renal-related complications reported in
observational studies [11]. Moreover, several alterations
induced by SARS-CoV-2 infection may synergize with
other cardiovascular risk factors in CKD patients, thus
increasing the risk of cardiovascular events.

In this review, we provide an overview of traditional
and nontraditional cardiovascular risk factors in CKD
patients, discussing the effects of SARS-CoV-2 infection
in this context and focusing on COVID-19-related car-
diovascular complications.

Traditional Risk Factors

Traditional risk factors are those that have been his-
torically identified in the Framingham cohort study [12,
13], which are currently used to assess cardiovascular risk
in the general population. Even though these traditional
risk factors are insufficient to explain the burden of car-
diovascular morbidity in CKD [14], they still account for
a significant fraction of the cardiovascular risk in this
population.

Indeed, CKD and cardiovascular disease share many
of the traditional risk factors identified in the Framing-
ham study. In addition to nonmodifiable risk factors such
as older age and male sex, which are associated with the
development of CKD and are important predictors of
progression to ESRD [15], diabetes is a major cardiovas-
cular risk factor that also drives renal function deteriora-
tion. Diabetes currently accounts for approximately 40%
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of ESRD cases in the United States [1], and the combina-
tion of diabetes and CKD is associated with an increased
risk of major cardiovascular events and higher mortality
rates [16, 17]. Consistently, diabetes is independently as-
sociated with cardiovascular disease in patients on main-
tenance dialysis [18, 19].

Since smoking has been shown to promote CKD de-
velopment and progression [20], it is conceivable that a
high frequency of CKD patients are active or former
smokers. Similarly to the general population, smoking
has been associated with an increased risk of cardiovas-
cular events in CKD patients, with an 11% risk increase
for each 5 pack-years compared to nonsmokers [21].

The prevalence of hypertension in CKD patients is ex-
tremely high and increases along with CKD stages, ex-
ceeding 90% in hemodialysis patients in some series [22].
Cardiovascular outcomes are substantially worsened by
the presence of systolic hypertension in nondialysis de-
pendent patients [21, 23], and more strict blood pressure
targets seem to confer a benefit on mortality rates [24].
The relationship between mortality risk and blood pres-
sure in hemodialysis patients is U-shaped, possibly due to
the fact that low blood pressure values in these patients
may indicate a higher burden of comorbidities, such as
heart failure [25].

Arterial hypertension is one of the main drivers of left
ventricular hypertrophy (LVH); consistently, LVH is a
frequent finding in CKD patients and is present in over
70% of predialysis patients [26]. Similarly to the general
population, LVH predisposes to the development of ar-
rhythmias and heart failure and is independently associ-
ated with cardiovascular morbidity and mortality in CKD
[27].

Dyslipidemia is a common complication of CKD, with
several possible hematochemistry patterns that depend
on CKD stage and on the degree of proteinuria [28]. In-
terestingly, the strength of the association between low-
density lipoprotein levels and cardiovascular outcomes
declines as renal function deteriorates, suggesting that in-
terventions aimed at controlling dyslipidemia such as
statins are likely to have a relatively higher impact in ear-
ly stages of CKD [29]. In patients on dialysis, despite an
even higher prevalence of lipid disorders and an excep-
tionally high cardiovascular morbidity, the effect of lipid-
lowering drugs is less evident [30, 31], suggesting that
other factors are likely to play a major role in these pa-
tients.

The increasing prevalence of obesity worldwide has
well-known direct consequences on the risk of cardiovas-
cular disease in the general population. In this context,
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several observational studies have demonstrated a signif-
icant association between obesity and CKD [32]. In addi-
tion to downstream consequences of obesity such as dia-
betes and hypertension, this condition also determines
compensatory glomerular hyperfiltration and increased
inflammatory/oxidative stress, which result in renal dam-
age over time and determine CKD development. Recent
data, however, suggest that obesity in CKD patients may
not lead to increased cardiovascular mortality; moreover,
obesity could also be a protective factor in patients on di-
alysis, due to its counter-effects on protein-energy wast-
ing and malnutrition [33].

Nontraditional Risk Factors

Seminal studies have consistently demonstrated the
existence of a strong association between reduced renal
function and cardiovascular disease, which is not fully ex-
plained by traditional risk factors [14, 34, 35]. Increasing
degrees of albuminuria, one of the earliest markers of
CKD, have been consistently and independently associ-
ated with worse cardiovascular outcomes even in patients
with normal renal function [36, 37]. This excess risk is
largely due to the metabolic, hormonal and inflammatory
alterations that accompany CKD, which have a profound
impact on cardiovascular morbidity [38].

Sympathetic nervous system activation is an early
event in CKD, which progressively worsens as renal func-
tion deteriorates [39, 40]. Sympathetic overdrive pro-
motes the release of catecholamines and renin, which re-
sult in increased vascular resistance, renin-angiotensin
system (RAS) activation and expansion of the extracellu-
lar volume, ultimately leading to cardiac remodeling and
fibrosis [41]. Volume overload may occur in up to half of
nondialysis-dependent CKD patients and is associated
with a higher requirement of antihypertensive medica-
tions and increased arterial stiffness [42]. Fluid retention
is present in virtually all patients on maintenance dialysis,
and higher interdialytic weight gains have been consis-
tently associated with cardiovascular mortality [43].

CKD is also characterized by a state of chronic inflam-
mation [44], which is enhanced by neurohormonal im-
balances. Persistent inflammation leads to dysfunctional
responses to pathogens and contributes to premature vas-
cular aging [45]. This state is further exacerbated in pa-
tients on maintenance dialysis, in whom complete renal
function loss leads to the accumulation of inflammatory
mediators. Up to 1 quarter of the medium-molecular-
weight uremic toxins currently identified, which are not
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efficiently removed by conventional dialysis, are indeed
cytokines or other proinflammatory molecules [46].
These circulating mediators, such as IL-6 and TNFa, have
been associated with LVH in patients with CKD [47].
Moreover, elevated levels of C-reactive protein, an acute-
phase reactant that contributes to accelerated atherogen-
esis [48], have been associated with cardiovascular events
in CKD patients [49, 50] and have been found to predict
cardiovascular mortality in patients on maintenance he-
modialysis [51].

Inflammation is also tightly linked to oxidative stress,
a state of imbalance between oxidant radicals and anti-
oxidant systems. The abundance of reactive oxygen spe-
cies is directly correlated with CKD stage and peaks in
patients on maintenance hemodialysis [52]. In CKD pa-
tients, oxidative stress is enhanced by the angiotensin-
mediated activation of NADPH-oxidase [53] and by the
action of uremic toxins such as indoxyl sulfate and asym-
metric dimethylarginine, which inhibit nitric oxide syn-
thase [54, 55]. Oxidative stress promotes endothelial dys-
function by reducing nitric oxide concentration, thus fa-
voring arterial stiffness and LVH, as well as the
development and progression of atherosclerosis [56, 57].

Mineral disorders have a major impact on cardiovas-
cular outcomes in CKD patients. In particular, hyper-
phosphatemia and high levels of fibroblast growth factor
23 (FGF23) are common features in CKD, and both in-
crease the risk of cardiovascular disease at multiple levels.

Despite the relative stability of serum phosphate con-
centrations until later CKD stages, derangements in
phosphate metabolism are indeed an early consequence
of CKD. Even small increases in circulating phosphate
levels inside the normal range have been associated with
higher cardiovascular morbidity and mortality rates [58].
In this context, phosphate acts as a vascular toxin, induc-
ing endothelial dysfunction and promoting vascular cal-
cification of the media [59], an active process in which
vascular smooth muscle cells proliferate, increase colla-
gen and extracellular matrix production, and undergo a
phenotypic transdifferentiation into osteoblast-like cells,
which are ultimately responsible for calcium deposition
[60]. Medial calcifications increase arterial stiffness, lead-
ing to altered pulse pressure and LVH. In CKD patients,
medial calcifications frequently coexist with intimal, ath-
erosclerotic calcifications, which may predispose to
plaque rupture and thrombosis. Overall, the presence of
vascular calcification, in particular coronary artery calci-
fications, has emerged as a strong predictor of cardiovas-
cular morbidity and mortality in CKD patients [61].
Moreover, vascular calcifications are frequently accom-

Blood Purif 3
DOI: 10.1159/000514467



QT-prolonging
drugs

1

1
1

—» Arrhythmias
Myocarditis 1
1
—’/’ Acute !
—» myocardial b = = = 4 - — - e e - - - = = .:
——\A injury .
Systemic I
inflammation — = = — = = — = = — — — — — -1 I
SARS-CoV-2 1 |
LVH and = Thrombosis I
fibrosis | I
/ | ) !

1 1 "
RAS + SS Traditional CV

Traditional CV activation > 1ECV : : risk factors

risk factors 1 0
\ 'l Acute coronary 4_:_/
Endothel|a| ——————— - syndrome .
dysfunction ) !
Vascular _| ¥

calcification I
1
CKD-MBD i
Heart !
I failure | ~ ~ _:
\’ Anemia 1
CKD :
Electrolyte I
imbalances "~ T T T T T T T T T T T T T TS T TSI

Fig. 1. Effects of SARS-CoV-2 on the cardiovascular system in CKD patients. SARS-CoV-2, severe acute respira-
tory syndrome coronavirus 2; CV, cardiovascular; ECV, extracellular volume; MBD, mineral-bone disorder; RAS,
renin-angiotensin system; SS, sympathetic system.

panied by valvular calcium deposits, which are observed
in 12-14% of patients undergoing maintenance dialysis
and may result in valvular stenosis and insufficiency [62].

FGF23 is a key regulator of phosphate homeostasis
that inhibits tubular phosphate reabsorption, PTH secre-
tion and vitamin D activation [63]. The increase in circu-
lating FGF23 levels is one of the earliest evidences of min-
eral disease in the course of CKD [64]; this mechanism
counteracts phosphate accumulation but also induces
LVH [65]. Consistently, high FGF23 levels have been as-
sociated with cardiovascular morbidity and mortality
across several patient cohorts [66, 67].

Anemia is an extremely common occurrence in CKD
patients, and its prevalence is inversely correlated with
CKD severity. Cardiovascular compensation in the set-
ting of anemia produces a state of high output, character-
ized by decreased vascular resistance, higher heart rate,
and increased stroke volume [68]. These features are
counterbalanced by a maladaptive increase in RAS and
sympathetic nervous system activation, which ultimately
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results in an abnormally high venous pressure and fluid
overload [69]. Anemia has been associated with the de-
velopment of LVH in CKD patients [70, 71], and this as-
sociation was found to increase the risk of myocardial in-
farction, stroke, or death 4-fold [71].

COVID-19 and Cardiovascular Events

Several features of SARS-CoV-2 infection may explain
the high incidence of cardiovascular injury in patients
with COVID-19, including direct viral tropism for tissues
of the cardiovascular system and indirect mechanisms
based on host responses to the infection [72-74]. In ad-
dition to pneumonia and acute respiratory distress syn-
drome, SARS-CoV-2 infection frequently triggers a mas-
sive release of proinflammatory cytokines and may in-
duce coagulation abnormalities that increase the risk of
cardiovascular events and multiorgan dysfunction

(Fig. 1).
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Although still ill-defined, the direct effects of SARS-
CoV-2 on the RAS and the excessive stimulation of innate
immunity have been proposed as pivotal determinants of
the pathogenesis of COVID-19-related cardiovascular in-
jury. Cells infected by SARS-CoV-2 internalize the angio-
tensin-converting enzyme 2 (ACE2) receptor, which is
crucial for viral infection, but also regulates the activity of
angiotensin II [75]. These cells could potentially down-
regulate ACE2 expression, as observed in SARS-CoV in-
fection [76, 77], thus reducing angiotensin Il inactivation.
This may in turn result in increased vasoconstriction, in-
flammation, and fibrosis. In addition, higher levels of cir-
culating angiotensin II could enhance aldosterone secre-
tion, leading to increased sodium reabsorption and extra-
cellular volume expansion, worsening fluid overload, and
possibly precipitating heart failure in patients at risk. As
previously discussed, maladaptive RAS activation is com-
mon in CKD patients, which likely makes them more vul-
nerable to these effects.

Moreover, SARS-CoV-2 infection enhances inflam-
matory responses and increases the release of cytokines
(e.g., IL-6 and TNFa), thereby inducing endothelial acti-
vation, myocardial dysfunction, and promoting a pro-
thrombotic environment [5]. CKD is characterized by a
chronic state of inflammation, which is further enhanced
by additional comorbidities, such as obesity and diabetes.
It is therefore conceivable that inflammatory responses
elicited by SARS-CoV-2 may be even more deleterious in
these patients.

These mechanisms may indeed synergize with the al-
terations that commonly occur in CKD and may account
for the higher morbidity and mortality risk that these pa-
tients experience when facing SARS-CoV-2 infection. It
is still unclear whether modulating RAS activation could
be beneficial in these patients. An intriguing possibility to
curtail the effects of the dysregulated cytokine release that
accompanies COVID-19 manifestations would be to re-
move these proinflammatory mediators through the use
of extracorporeal methods. In addition to plasma ex-
change and plasma adsorption on resin cartridges, sev-
eral methods could be exploited to achieve this aim, in-
cluding direct hemoperfusion with a neutro-macropo-
rous sorbent, hemodialysis with medium- to high-cutoff
membranes, and hemodiafiltration with adsorbent mem-
branes (e.g., AN69-PEI) [78, 79]. Albeit encouraging,
preliminary results obtained with these methods still
need to be confirmed in larger clinical trials to determine
their impact on COVID-19 morbidity and mortality [80-
82].

COVID-19 and CV Disease in CKD

Mpyocardial Injury and Acute Coronary Syndromes

Evidence of myocardial injury, diagnosed through el-
evated levels of cardiac biomarkers, was reported in up to
20% of patients with COVID-19 [4, 83]. Interestingly,
creatinine levels were higher in patients who experienced
cardiac injury compared to controls; moreover, myocar-
dial injury was associated with a higher risk of developing
acute respiratory distress syndrome and patients in this
group had an increased in-hospital mortality [4, 84].

The mechanisms portending to myocardial injury in
patients with COVID-19 are incompletely understood,
but the systemic inflammatory state induced by viral in-
fection is likely to play an important role. The imbalance
between increased metabolic demand and lower cardiac
reserve could be a key player, especially in patients with a
past medical history of coronary artery disease. Albeit
supported by anecdotal cases only, some authors have
suggested that myocardial injury may be a direct conse-
quence of SARS-CoV-2 infection, which could result in
viral myocarditis [85, 86]. Thrombosis due to altered co-
agulability and systemic inflammation may also destabi-
lize coronary artery plaques, thus triggering acute coro-
nary syndromes [87].

Despite this, a consistent decline in hospitalization
rates for acute coronary events has been reported world-
wide after SARS-CoV-2 outbreak [88-90], possibly as a
consequence of avoidance of care due to fear of infection.
This may be particularly problematic in CKD patients, in
whom mortality following acute coronary syndrome in-
creases exponentially compared to patients with normal
renal function [91]. In addition, inappropriately low rates
of coronary angiography in CKD patients with acute cor-
onary syndrome had been already reported in the pre-
COVID-19 era [92], and this tendency could persist or
even worsen in the current situation. Since scant data ex-
ist addressing these issues, additional studies are required
to clarify the actual incidence and extent of myocardial
injury in CKD patients infected by SARS-CoV-2 and to
clarify its impact on short- and long-term outcomes.

Arrhythmias

Arrhythmias are common in patients with COVID-19,
with a higher prevalence in those admitted to intensive
care units [93]. A recent meta-analysis found that ap-
proximately 30% of patients with severe COVID-19 de-
veloped arrhythmias, compared to 3% of patients with
milder disease [94].

Despite this high frequency, the impact of incident
cardiac rhythm disorders on mortality in patients with
COVID-19is still unclear. In a recent retrospective study,
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most cardiac rhythm disorders were not associated with
increased in-hospital mortality [95]. Another study, how-
ever, reported that atrial arrhythmias were independent-
ly associated with higher mortality rates [96].

Several factors may contribute to the development of
arrhythmias in patients with COVID-19; myocardial in-
jury seems to be a major determinant since patients with
elevated cardiac biomarkers experience a higher frequen-
cy of arrhythmias [84]. Moreover, inflammatory cyto-
kines may directly affect myocardial cells and increase
sympathetic system activation, potentially triggering life-
threatening rhythm disorders [5].

CKD patients with SARS-CoV-2 infection could be
particularly susceptible to heart rhythm disorders. Meta-
bolic imbalances, including electrolyte abnormalities
such as hypo/hyperkalemia, hypomagnesemia, and hy-
pocalcemia, are frequent in CKD patients and are known
to cause prolonged QT interval that, in turn, predisposes
to arrhythmias [97]. Indeed, ventricular tachyarrhyth-
mias in COVID-19 patients are mainly associated with
severe metabolic derangements [98].

Patients with impaired renal function also exhibit
complex pharmacokinetic profiles of drugs with com-
plete or partial renal excretion, a feature that could fur-
ther complicate management and predispose to malig-
nant arrhythmias. Oft-label prescription of drugs such as
azithromycin and hydroxychloroquine has now de-
creased due to evidence of inefficacy [99-101], but these
agents may have indeed increased the risk of arrhythmias
during the early pandemic, as they are known to prolong
QT interval and potentially induce life-threatening ar-
rhythmias. Screening for ECG abnormalities and strict
QTc monitoring in patients with CKD may help to define
a more precise arrhythmic risk stratification and to guide
appropriate and timely management.

Heart Failure

Acute de novo or worsening of pre-existing heart fail-
ure is one of the most common complications of CO-
VID-19, affecting up to 1 quarter of hospitalized patients.
The incidence of this condition raises up to 50% when
considering only patients with a fatal outcome [83, 102].
A retrospective analysis of mortality causes in COVID-19
patients showed that myocardial damage and heart fail-
ure contributed to 7% of fatal cases [103].

Screening for heart failure may be challenging in CO-
VID-19 patients since BNP and NT-proBNP, the most
common diagnostic and prognostic biomarkers of myo-
cardial stress and heart failure, are frequently elevated in
critically ill patients due to the elevated hemodynamic
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stress that these patients usually experience. Plasma BNP
levels are less affected by glomerular filtration rate com-
pared to NT-proBNP and may thus be a more appropri-
ate biomarker for heart failure in patients with CKD
[104].

The pathogenesis of acute heart failure in COVID-19
is incompletely understood, but some of the underlying
mechanisms may include myocardial injury, acute coro-
nary syndrome, and sustained cardiac arrhythmias. As
previously discussed, these events may be more frequent
and potentially more severe in CKD patients; in the gen-
eral population, CKD is associated with increased mor-
bidity and mortality in heart failure [105]. In addition,
complications of CKD such as hypervolemia, systemic in-
flammation, and anemia could also contribute to acute
heart failure development or exacerbation of chronic
heart failure in COVID-19 patients. Therefore, CO-
VID-19 patients with heart failure and CKD or renal dys-
function on admission could represent a more susceptible
subgroup of patients, in whom a more strict monitoring
during hospitalization should be mandated to prevent
potentially fatal complications.

Guideline-directed medical therapy recommends
treatment of heart failure with ACE inhibitors and angio-
tensin receptor blockers. The use of these agents at the
beginning of the COVID-19 pandemic was highly debat-
ed since SARS-CoV-2 utilizes the ACE2 receptors for cell
entry and these drugs may upregulate ACE2, thus poten-
tially increasing the susceptibility to the infection. How-
ever, there is currently no evidence of an association be-
tween ACE inhibitor or angiotensin receptor blocker use
and either susceptibility to infection or clinical outcomes
[106]; consistent with data from retrospective studies, a
recent randomized control trial showed that continua-
tion of RAS inhibitors had no significant effect on a glob-
al score comprising time to death, mechanical ventila-
tion, renal replacement or vasopressor therapy, and mul-
tiorgan dysfunction [107]. Since withdrawal of medical
treatment in patients with heart failure may increase the
risk of cardiovascular events, guidelines from both cardi-
ology and nephrology societies do not recommend dis-
continuation of these agents in case of SARS-CoV-2 in-
fection. Adjustment of medication doses should be con-
sidered only in case of hypotension or hemodynamic
instability.

Hypercoagulability and Thromboembolism

COVID-19is characterized by a hypercoagulable state,
which can result in a high incidence of both venous and
arterial thrombotic events. In a multicenter retrospective
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cohort study involving 400 patients hospitalized for CO-
VID-19, the overall rate of thrombotic events in noncrit-
ically ill patients was 4.7%, which increased to 18.1% in
patients requiring mechanical ventilation [108]. Other
studies reported an even higher incidence (25-31%) of
thrombotic events in patients admitted to the intensive
care unit [109, 110], and there is a seemingly strong as-
sociation between increased D-dimer levels, consump-
tion of coagulation factors, progression to severe disease,
and radiologic features suggesting venous thromboem-
bolism [111].

Though the exact mechanism remains ill-defined, in-
flammatory responses and endothelial damage induced by
COVID-19 have been advocated as key factors in the gen-
esis of this hypercoagulable state. Moreover, many cases of
pulmonary artery thrombosis are located in peripheral ves-
sels and are not associated with deep vein thrombosis, sug-
gesting that microangiopathic alterations with local activa-
tion of the coagulation cascade induced by endothelial
damage and disproportionate inflammation may be re-
sponsible for a large fraction of these cases [112].

Owing to this uncertainty, the prevention and man-
agement of thrombosis in COVID-19 is still a matter of
debate. Most guidelines now agree in recommending an-
ticoagulation prophylaxis with low-molecular-weight
heparin for all patients hospitalized due to COVID-19.
However, a universal management strategy for critically
ill patients has not been established yet. Some authors
suggested the use of full- or intermediate-dose anticoagu-
lation in lieu of the high incidence of thrombosis in criti-
cally ill patients despite the use of prophylactic low-mo-
lecular-weight heparin [108], while others recommend
continuation of prophylaxis due to lack of data from ran-
domized clinical trials and the high risk of bleeding re-
ported in these patients [108].

In this context, renal failure may tip the scale toward
an even less favorable outcome. CKD is a prothrombotic
condition per se, which derives from platelet dysfunction,
endothelial injury, and hypercoagulability, leading to
thromboembolic complications and to an increased car-
diovascular morbidity and mortality [113]. In addition,
CKD patients are at increased risk of acute kidney injury
and are more likely to require dialysis when hospitalized
for COVID-19, which further complicates anticoagula-
tion management.

Opverall, the presence of CKD in patients hospitalized
due to COVID-19 could worsen a well-known prothrom-
botic state. Nonetheless, additional data are required to
gauge the real impact of CKD on clinical outcomes in this
setting.

COVID-19 and CV Disease in CKD

Conclusions

The SARS-CoV-2 pandemic has marked the emer-
gence of a novel set of risk factors for patients with CKD
and cardiovascular disease, which may have a dreadful
impact on clinical outcomes in these high-risk individu-
als. As knowledge on the many aspects of this worldwide
issue is expanding at a remarkably fast pace, indications
and therapeutic options are likely to change and evolve
over relatively brief periods of time. Clinicians should be
aware of the inherent frailty of CKD patients and their
high risk of cardiovascular events, which justifies in our
view a more strict monitoring. A close collaboration be-
tween nephrologists and cardiologists is essential to allow
a timely management and to optimize therapeutic strate-
gies in this setting.
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