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Abstract

Patients with chronic kidney disease treated by dialysis (CKD-G5D) are characterized by a high prevalence of coronary artery disease
(CAD). Such patients differ from non-uremic CAD patients and have been excluded from several clinical CAD trials. CKD-G5D patients
may be asymptomatic for their CAD, making their risk stratification and management challenging. This review will focus on the inci-
dence, epidemiology, pathophysiology, screening tools, and management/treatment of CAD in CKD-G5D patients. It will also review
recent studies concerning the screening tools and management strategies available for these patients. The need for improved evaluation
of cardiovascular risk factors, screening and early intervention for symptomatic CAD in CKD-G5D patients will be highlighted.
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1. Introduction
Patients with chronic kidney disease (CKD) have a

high incidence of cardiovascular disease and especially
coronary artery disease (CAD), which is the leading cause
of death in these patients [1,2]. CAD is almost always the
result of atherosclerosis, and coronary artery atherosclerotic
plaques may rupture if they are unstable or if there is in-
flammation. This causes substances that promote clotting
to enter the blood, resulting in the activation of platelets
and leading to acute thrombosis [3,4]. The end result is
acute coronary syndrome (ACS), which includes unsta-
ble angina, non-ST-segment elevation myocardial infarc-
tion (NSTEMI), and ST-segment elevation myocardial in-
farction (STEMI). In addition to ACS [5,6], the European
Society of Cardiology (ESC) guidelines introduced the con-
cept of chronic coronary syndrome (CCS) in 2019 [7]. This
replaces the former concept of stable coronary heart dis-
ease, which specifically includes chronic stable exertional
angina, ischemic cardiomyopathy, and a stable course after
ACS. CKD is defined as a long-term, progressive decline in
renal function. A glomerular filtration rate (GFR) of <15
mL/min/1.73 m2 is referred to as CKD-G5, and patients
who receive dialysis for CKD are known as CKD-G5D.
These patients have more co-morbidities and develop more
complications [1,8]. This review will discuss the epidemi-
ology, pathophysiology, diagnosis, treatment and manage-
ment of CAD in CKD-G5D patients.

2. Epidemiology
The incidence of cardiovascular disease increases dur-

ing the progression of CKD into end-stage renal disease
(ESRD), with many patients dying from cardiovascular dis-
ease in the late stages [2,8]. As the GFR declines, the
probability of developing CAD increases in a linear fash-

ion. The prevalence of CAD in hemodialysis (HD) patients
aged >65 years is as high as 50% [9]. The prevalence of
traditional risk factors for CAD, including diabetes, hyper-
tension and hyperlipidemia is also significantly elevated in
CKD patients [1,2]. Patients with CKD-G5D are also ex-
posed to other non-traditional risk factors associated with
uremia, such as inflammation, oxidative stress, and abnor-
mal calcium and phosphate metabolism [10]. Furthermore,
dialysis itself plays an important role in the pathophysiol-
ogy of these non-traditional risk factors [11]. Consequently,
CAD is associated with a higher incidence of morbidity and
mortality in patients with CKD-G5D.

3. Pathophysiology of CAD in CKD-G5D
Patients

Cardiac damage in patients with CKD is often referred
to as cardiorenal syndrome (CRS). This describes a specific
acute and chronic clinical manifestation in which the heart
or kidney is primarily dysfunctional, leading to a series of
feedback mechanisms that result in organ damage and sub-
sequent adverse clinical outcomes [12,13]. The pathophysi-
ology of CRS is complex, multifactorial, and dynamic. The
CAD in CKD patients discussed in this review is also as-
sociated with CRS [14], with a large proportion of CKD-
G5D patients suffering from CAD. Traditional risk factors
play a leading role in the early stages of CKD, whereas
non-traditional factors predominate in CKD-G5D patients
[9]. It has been reported that atherosclerotic plaques in the
coronary arteries of CKD patients develop faster and result
in more serious events than in non-CKD patients due to a
more intense inflammatory response [15]. Vascular calci-
fication (VC) is also more common in CKD patients [16]
and is associated with plaque instability and inflammation,
which may lead to an ACS [9].
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Non-traditional factors have a major impact on the de-
velopment of CAD in patients with CKD-G5D. Chronic in-
flammation is a major contributor to the process of arte-
riosclerosis and calcification of blood vessels and can usu-
ally be detected in CKD-G5D patients. Studies have shown
elevated levels of inflammatory markers in the plasma of
CKD patients, while the levels of tumor necrosis factor-
α (TNF-α), Interleukin-6 (IL-6) [17,18] and other pro-
inflammatory markers are also increased in CKD-G5D pa-
tients. The need for dialysis in CKD-G5D patients may also
stimulate the immune system, leading to chronic inflam-
mation [19]. Bacterial endotoxin and DNA found in the
dialysate can induce production of the proinflammatory fac-
tor IL-6. Chronic inflammation in HD patients may also be
caused in part by the repeated contact of bloodwith artificial
materials in extracorporeal circuits. These have been shown
to activate immunologically active cells and help maintain
a chronic inflammatory state. Dialysis membranes with a
large surface area may play a key role in activating this in-
flammatory response [20], and the dialysis catheter itself
may be a source of inflammation [11]. Chronic inflamma-
tion leads to arteriosclerosis through various mechanisms.
It is well known that vascular smooth muscle cells (VSMC)
have a contractile phenotype in the physiological state that
maintains the normal structure and function of the blood
vessel wall [21]. Inflammation can induce the VSMC phe-
notype to transform into osteoblast-like cells, release cal-
cified extracellular vesicles, and stimulate the progress of
VC [22,23]. Inflammation can also activate the endoplas-
mic reticulum stress pathway, leading to increased intake of
inorganic phosphate and eventually resulting in phenotypic
transformation of VSMC and mineral accumulation [24].

The kidney is one of the main sources of antioxidant
enzymes, and oxidative stress is thus closely related to re-
nal function. Oxidative stress occurs when the balance be-
tween oxidation and resistance to oxidation is reversed [25].
Excessive accumulation of reactive oxygen species (ROS)
produced by cell metabolism leads to endothelial cell dam-
age and atherosclerosis. It should be noted that dialysis also
increases ROS. During HD, blood exposure to the dialy-
sis membrane and dialysate triggers the activation of com-
plement factors, platelets, and polymorphonuclear leuko-
cytes, with subsequent ROS production occurring within
minutes of starting the HD session [26]. Against the back-
ground of chronic inflammation present in CKD-G5D pa-
tients, increased production of the pro-inflammatory fac-
tor TNF triggers oxidative stress. This in turn leads to
decreased production of endothelial nitric oxide (NO) and
phenotypic transformation of VSMC, thus eventually lead-
ing to arteriosclerosis [21].

CKD-G5D patients frequently have hypercalcemia
and hyperphosphatemia. High phosphate levels can directly
promote VC via nuclear factor kappa-B (NF-κB) signaling
[24], as well as inducing the phenotypic transformation of
VSMC into osteoblast-like cells. Calcium phosphate min-

eral deposition inside the blood vessels of dialysis patients
intensifies the development of VC and contributes to the
progression of arteriosclerosis [27].

Uremic toxins in CKD-G5D patients also lead to
coronary heart disease. Uric acid affects VSMC prolif-
eration by reducing NO production. Advanced glycation
end-products affect the function of endothelial nitric ox-
ide synthase (eNOS), leading to endothelial dysfunction
[28]. They can also induce the phenotypic transformation
of VSMC, thereby leading to arteriosclerosis [29]. Hy-
percholesterolemia often promotes vascular inflammation
and oxidative stress, which in turn gives rise to endothe-
lial dysfunction and the proliferation of VSMC. Several
protein-bound uremic toxins found in uremic patients, such
as indoxyl sulfate and p-cresyl sulfate [14], provide another
pathway for the progression of atherosclerosis in CKD-
G5D patients by altering oxidative stress [30,31].

Soluble urokinase Plasminogen Activator Receptor
(suPAR) is also closely associated with the progression of
atherosclerosis in patients with CKD. SuPAR is an immune-
derived pathogenic factor and a common therapeutic target
for kidney disease. It is also a biomarker for the occur-
rence of kidney disease, and its expression level is closely
related to cardiovascular outcomes. Both experimental an-
imal research and clinical data have shown that higher su-
PAR levels are positively correlated with more atheroscle-
rotic plaques. Hindy et al. [32] found that overexpres-
sion of suPAR favored the progression of atherosclerosis.
These workers hypothesized that increased suPAR expres-
sion might cause the recruitment of monocytes into the vas-
cular wall by chemotaxis, thereby altering their function
and inducing changes to the immune system. SuPAR gen-
erally acts on monocytes and myeloid cells to make them
more atherosclerotic [32].

In summary, CKD-G5D patients often have traditional
risk factors for coronary heart disease, as well as some non-
traditional risk factors (Fig. 1). These patients also have
significantly increased levels of inflammatory factors, oxi-
dation, and urinary toxins. This environment promotes the
phenotypic transformation of VSMC, resulting in calcifica-
tion and coronary atherosclerosis. Compared with the non-
CKD population, the plaques formed in CKD-G5D patients
are more unstable and more likely to result in an ACS.

4. Screening for CAD in CKD-G5D Patients
CAD accounts for a large proportion of the cardio-

vascular disease in CKD-G5D patients, with a several-
fold higher incidence than in non-CKD patients. CKD-
G5D patients also have worse outcomes after cardiovas-
cular events. The hospitalization and long-term mortality
rates of dialysis patients recorded in the Global Registry of
Acute Coronary Events are three-fold higher than those of
non-CKD patients [33]. Therefore, it is very important to
screen CKD-G5D patients for CAD. However, the Fram-
ingham score prediction tool is suitable only for traditional
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Fig. 1. Traditional and non-traditional risk factors for CAD in CKD-G5D patients. Traditional and non-traditional risk factors
act synergistically to cause CAD. Traditional risk factors include age, diabetes, and obesity, while non-traditional risk factors include
chronic inflammation and dialysis. With the progression of CKD, there is a gradual shift from traditional risk factors to non-traditional
risk factors. Abbreviations: CAD, coronary artery disease; CKD, chronic kidney disease; CKD-G5D, chronic kidney disease treated by
dialysis; VSMC, Vascular Smooth Muscle Cell; AGEs, advanced glycation end products; PBUT, Protein-bound uremic toxins.

risk factors. Because non-traditional risk factors also play
an important role in CKD-G5D patients, the Framingham
model has been estimated to underestimate the risk of CAD
in CKD patients by 50% [34].

Although the prevalence of CAD is higher in patients
with CKD-G5D, the typical symptoms are often absent,
thus making it difficult to diagnose this condition from the
clinical presentation only. There are likely to be several
reasons for the apparent absence of symptoms. CKD-G5D
patients are often seriously ill and their ability to exercise
is very low, meaning they are unable to reach the exertion
threshold for symptoms to appear. In patients with diabetes,
the development of severe neuropathy in later stages may
also mask the symptoms of angina pectoris. Compared with
non-dialysis patients, the proportion of ST segment changes
in patients with chest pain is also lower. CCS in CKD-G5D
patients can manifest as exercise-induced chest discomfort,
hypotension or arrhythmias [9,35,36]. In summary, screen-
ing for CAD in patients with CKD-G5D or even ESRD by

clinical presentation is inaccurate because many patients
present as either asymptomatic or with atypical symptoms.

Screening with serum biomarkers may be a viable al-
ternative for CAD screening since it is non-invasive and
cost-effective. Cardiac troponin (cTn) is a commonly used
biomarker for the presence of myocardial necrosis [1,37]
and is the main predictor of increased all-cause mortality
and cardiac death observed in dialysis patients. The sensi-
tivity of cTn for predicting CAD in CKD-G5D patients is
high. However, the specificity is much lower than in non-
CKD patients because more than one third of CKD-G5D
patients have long-term elevated troponin levels [38–40].
This necessitates the adjustment of critical values to im-
prove specificity, while still ensuring high sensitivity. At
present, there are no guidelines for the interpretation of cTn
values in CKD-G5D patients in clinical practice. More re-
search data is needed to help determine a suitable thresh-
old. Other biomarkers also have the same problem of high
false-positive rates, making them difficult to use in clinical
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practice. SuPAR may be a suitable biomarker, as its level is
increased by common risk factors for CKD and CVD such
as smoking, hypertension, and diabetes. The SuPAR level
is associated with coronary and peripheral atherosclerotic
disease. Moreover, it can predict renal and CVD outcomes
across age, gender, ethnicity and clinical setting, indepen-
dently of these risk factors [32].

Exercise testing is also not a good diagnostic indica-
tor, since many CKD-G5D patients have abnormal electro-
cardiograms (ECGs) in the resting state [41]. The numer-
ous co-morbidities found in advanced CKD patients such
as left ventricular hypertrophy (LVH), electrolyte disorders,
volume overload and anemia can give rise to abnormal
ECGs, making these difficult to interpret. This limitation
reduces the sensitivity and specificity of exercise testing
from 68% and 77% respectively in the general population,
to just 35% and 64% inCKD-G5D patients [41,42]. In addi-
tion, many patients with late stage CKD have comorbidities
of the motor and nervous systems. This makes it difficult to
reach a defined activity threshold and requires drug stimula-
tion [41] using dobutamine stress echocardiography (DSE).
DSE and invasive coronary angiography (ICA) are used to
detect and quantify coronary disease. Although ICA is bet-
ter than DSE at predicting all-cause mortality [43], DSE is
more effective at identifying high-risk groups. Although
the accuracy of DSE is not particularly high, it is widely
used since it is non-invasive and relatively safe [44,45].
In summary, exercise testing is not an accurate method of
screening for CAD in CKD-G5D patients. DSE may be a
more accurate technique and has few contraindications.

The coronary artery calcium score (CACS) has the ad-
vantages of being fast, non-invasive, and having low radia-
tion exposure. While CACS has high accuracy in the gen-
eral population [46], up to 83% of dialysis patients have an
increased score [47]. Therefore, the utility of this test for
the CKD-G5D population is low. However, the negative
predictive value of CACS is very good [48] and can help to
exclude CAD in CKD-G5D patients.

Coronary computed tomography (CCTA) is also a
good imaging tool. Its negative predictive value is very high
and it has moderate positive predictive value [49]. CTCA
relates to the patients’ calcium load, and hence to the speci-
ficity of diagnosis [50–52]. Therefore, it should be used
together with CACS to select patients with a zero to low
calcium load. However, because the incidence of CACS in
CKD-G5D patients is significantly increased, the utility of
CCTA in these patients is limited.

Myocardial perfusion single-photon emission com-
puted tomography (MPS) is a non-invasive nuclear imag-
ing technique [53] that may give predictive information on
the CKD-G5D population. Studies have shown that ab-
normal MPS results are independent predictors of mortality
[54,55]. MPS is primarily used to predict mid-to-high prob-
ability coronary events in the general population, and has
only moderate predictive accuracy in the CKD-G5D popu-

lation. Nine studies with a total of 582 CKD-G5D subjects
were included in a Cochrane meta-analysis, with the overall
sensitivity and specificity for angiographic CAD found to
be 0.74 and 0.70, respectively [56].

ICA is the gold standard technique for detecting coro-
nary artery stenosis, but has the disadvantages of being ex-
pensive, invasive and associated with some risks [57]. In
addition, ICA can overestimate the clinical significance of
CAD [58], since anatomical stenosis may not equate to
functional stenosis [59]. There is also a slightly increased
risk for CKD-G5D patients due to the invasive nature of
the ICA procedure. More clinical data are needed to com-
prehensively evaluate the benefits and risks of ICA in the
CKD-G5D population.

In summary, several methods are available for CAD
screening in CKD-G5D patients. ICA works well, but its
cost and associated risks need to be considered. Among
the non-invasive methods, exercise testing is not widely
used, and DSE needs to be properly applied. The posi-
tive detection rates of MPS and serum cTn are satisfactory,
but these methods are limited by a high false-positive rate.
CACS and CCTA both have high negative prediction value,
but the positive prediction accuracy of CACS is low, and
CCTA is greatly affected by the calcium load. At present,
an ideal testing method is still lacking, with each of the cur-
rent methods having advantages and disadvantages. There
is a need to combine various screening methods in order to
match the specific clinical condition of each patient and to
reduce the rates of false positives and false negatives. The
advantages and disadvantages of each diagnostic method
discussed above are summarized in Table 1.

5. Management and Treatment Strategies for
CAD in CKD-G5D Patients

The small number of clinical trials involving the CKD-
G5D population means there is insufficient evidence to sup-
port various management and treatment strategies for CAD.
The treatment standards and methods used in the general
population are generally not suitable for the CKD-G5D
population. The incidence of complications due to the lack
of detection or treatment in the dialysis population tends to
increase as the sensitivity and specificity of the various de-
tection methods for CAD in this population decrease. The
choice of diagnostic method for dialysis patients who suffer
from CAD needs careful consideration, together with deci-
sions on whether to undergo invasive studies or coronary
artery bypass grafting (CABG), and the choice of appropri-
ate drug treatment plan.

Although drug therapy is the basis of CAD treatment,
the few clinical studies performed so far mean the type of
drug therapy for patients with advanced CKD is unclear,
with most of the guidelines having been derived from tri-
als on early CKD [60]. The use of statins in these patients
is controversial. Some studies suggest the benefits from
statin-based treatment (reduction of major cardiovascular

4

https://www.imrpress.com


Table 1. Advantages and disadvantages of CAD screening methods in CKD-G5D patients.
Method Advantages Disadvantages

Serum biomarkers rapid and inexpensive high false-positive rates
Exercise test non-invasive abnormal ECG in the resting state; low motor ability
DSE non-invasive and harmless low accuracy
ICA good accuracy invasive; expensive
CCTA high negative predictive value affected by patients’ calcium load
CACS fast, non-invasive and low radiation amount normally high in CKD-G5D
MPS non-invasive low predictive power in the CKD-G5D population

Abbreviations: CAD, coronary artery disease; ECG, electrocardiogram; CKD-G5D, chronic kidney disease treated by dial-
ysis; DSE, dobutamine stress echocardiography; ICA, invasive coronary angiography; CCTA, coronary computed tomog-
raphy; CACS, coronary artery calcium score; MPS, myocardial perfusion single-photon emission computed tomography.

events) decrease with declining GFR, with little evidence to
show that dialysis patients benefit from these drugs [9,60].
However, other studies have reported that statins prevent
the development of endothelial dysfunction caused by acute
inflammation in hypercholesterolemic patients [61], as well
as slowing the increase in aortic stiffness of CKD patients
[62]. The guidelines from “Kidney Disease: Improving
Global Outcomes” advise against the use of statins in dial-
ysis patients [63]. In contrast, the heart and renal protec-
tion (SHARP) trial concluded that statins reduce the inci-
dence of atherosclerosis with equal effect in dialysis and
non-dialysis patients [64]. However, the number of dialy-
sis patients in the SHARP trial was small, and additional
clinical studies are required to confirm the effect of statins
in CKD-G5D patients. A large retrospective cohort study
found that dialysis patients with peripheral arterial disease
whowere treated with statins had a lower risk of amputation
and of central vascular and all-cause death compared with
untreated patients [65]. The authors concluded that statin
therapy may have a protective effect on patients with re-
nal failure and peripheral arterial disease who receive long-
termmaintenance dialysis. There is currently a lack of guid-
ance from various professional societies regarding the use
of statins in CKD-G5D patients [66,67]. All antihyperten-
sive agents passively reduce arterial stiffness through BP-
dependent mechanisms, including reduction of arterial wall
stretch [19]. However, some antihypertensive drugs can re-
duce arterial stiffness but have little effect on BP, includ-
ing angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, and direct renin inhibitors [68,69]. β-
blockers appear to be less effective than other types of an-
tihypertensive drugs in terms of reducing central BP and
arterial stiffness [70]. Anti-inflammatory drugs can reduce
chronic inflammation, which in some patients is beneficial
for reducing arterial stiffness. Long-term use of anti-tumor
necrosis factor therapy has been reported to restore aortic
arteriosclerosis to levels similar to a matched control group
[71,72]. Although anti-inflammatory drugs can be used to
reduce uremic toxins and chronic inflammation in CKD pa-
tients, they are not recommended because of adverse effects
on renal function. Moreover, there is a lack of data on the

impact of anti-inflammatory drugs on arterial stiffness in
CKD patients [19,73]. Antioxidants such as ascorbic acid
and asymmetric dimethylarginine can improve blood flow-
mediated dilation in CKD patients and reduce central BP
[74,75]. There is also evidence that allopurinol, a drug that
reduces the plasma level of uric acid, can protect endothelial
function in patients with or without CKD. The administra-
tion of allopurinol significantly reduced the pressor index,
but did not reduce arteriosclerosis [76,77]. Arterial stiffness
in patients with ESRD can be reduced by phosphate binders
that do not contain calcium, such as Villam hydrochloride,
which reduce phosphate absorption in the gastrointestinal
tract [78]. However, similar results were not reported in
patients with early stage CKD [79]. Indeed, it may take sev-
eral years to reverse the structural arteriosclerosis caused by
VC. In summary, the drug treatment scheme for CKD-G5D
patients is relatively complicated and there are currently no
specific guidelines for the use of any of the above medica-
tions in these patients. This is because the metabolic status
of CKD-G5D patients and their complications are signifi-
cantly different to those of early CKD patients. Moreover,
the related clinical trial data on CKD-G5D patients is still
scarce.

Drug therapy for CKD-G5D patients can result in sev-
eral complications, including the development of throm-
boembolism. Anti-thrombotic therapy includes a combina-
tion of anticoagulant and antiplatelet drugs to reduce the
risk of ischemia and thromboembolism, but this comes at
the cost of increased bleeding events. Direct oral antico-
agulant (DOAC) is the most commonly used anticoagulant
therapy, but there is controversy over whether to use DOAC
or vitamin K antagonist (VKA) [80]. As the GFR decreases
with age, the risk of bleeding is increased. DOAC un-
dergoes varying levels of renal elimination (approximately
80% of dabigatran, 36% of rivaroxaban, 27% of apixa-
ban, and 50% of edoxaban). It can therefore accumulate
in patients with decreased renal function, and dose adjust-
ment is recommended. Although 50–60% of dabigatran
can be removed in a single dialysis, other DOAC compo-
nents are more difficult to remove because of their strong
binding to plasma proteins [80,81]. The safety of DOAC
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in CKD patients is uncertain, especially in ESRD patients
with severely impaired renal function. On the other hand,
an increased incidence of atrial fibrillation (AF) has been re-
ported in ESRD patients with CKD [82–84], and DOAC is
associated with an increased risk of bleeding events in these
patients. AF in patients with CKD has been associated with
worsening renal function and progression to ESRD. Lower
GFR has also been associated with higher risks of major and
non-major bleeding events in patients taking oral anticoag-
ulants. For these reasons, careful monitoring of renal func-
tion is recommended in such patients. The restricted use
of DOAC in CKD-G5D or ESRD patients needs to be care-
fully reviewed, especially because of the lack of compelling
evidence to guide clinical decisions [85]. Currently, DOAC
is generally not recommended for patients with CKD-G5D
or ESRD, with warfarin (the most commonly used VKA)
being favored instead. A recent review has summarized
the relevant clinical trials for current antithrombotic treat-
ment strategies [83]. Triple antiplatelet therapy (TAPT)
exposes AF patients to a high risk of bleeding during 30-
day follow-up. Several randomized clinical trials involv-
ing about 12,000 patients showed that dual antiplatelet ther-
apy (DAPT) can significantly reduce bleeding events com-
pared with TAPT. Observational studies have also shown
that TAPT is still mainly a prescription, whereas DAPT is
used only in patients considered to be at high risk for bleed-
ing. Therefore, TAPT is not suitable for dialysis patients
with known CAD. With regard to antiplatelet agents, dial-
ysis patients are at significant risk for both bleeding and
thrombosis. This creates a major dilemma when choosing
the best antiplatelet therapy to manage ACS in this high-
risk population. Current ESC guidelines recommendDAPT
(combined with aspirin and a potent P2Y12 inhibitor) for
patients with ACS undergoing percutaneous coronary in-
tervention (PCI) [86]. However, there is no consensus on
the specific dosing due to the limited number of clinical tri-
als in the HD population. Recent studies have shown that
early discontinuation of aspirin in HD patients may reduce
bleeding complications without increasing the risk of is-
chemic events. Although there was no significant change
in all-cause mortality with early discontinuation of aspirin,
the risk of major bleeding was significantly reduced. The
P2Y12 inhibitor clopidogrel is more widely used, but stud-
ies in dialysis patients have shown that ticagrel may inhibit
platelets faster and more strongly than clopidogrel [87].

Patients with ESRD on maintenance HD have many
comorbidities, including unstable angina pectoris. Block-
ing the inward sodium channel with ranolazine has been
shown to reduce the incidence of stable angina in patients
with chronic CAD, but its use in dialysis patients is still de-
batable. A ranolazine plasma protein binding rate of 62%
may not be eliminated by dialysis, and therefore a reduced
dose of ranolazine is generally recommended for dialysis
patients [88,89].

Among the relatively new therapeutic drugs for CKD,
sodium-dependent glucose transporter 2 inhibitor (SGLT-
2i) and finerenone appear to give improved cardiovascular
outcomes. It is important to reduce blood glucose and car-
diovascular events in patients with advanced CKD accom-
panied by diabetes. Recent guidelines from the American
Diabetes Association recommend medications with cardio-
vascular benefits for patients with Type-2 diabetes melli-
tus (T2DM) and atherosclerotic CVD. In a series of clinical
trials on the cardiovascular safety of hypoglycemic drugs,
SGLT-2i was found to reduce major adverse cardiovascular
events and to have protective effects for non-diabetic pa-
tients with HF. The latest DAPA-CKD clinical trial demon-
strated benefit from dapagliflozin in CKD patients, both
with or without T2DM [90]. In addition, the EMPEROR-
Reduced and DAPA-HF trials demonstrated that SGLT-2i
reduced both the risk of hospitalization for heart failure
and cardiovascular death in T2DM patients [91]. In ad-
dition, SGLT-2i slowed the decline in renal function in
patients with or without heart failure, and decreased the
ejection fraction. SGLT-2i clearly has protective proper-
ties for cardiac and renal function in patients with CKD.
The FIDELIO-DKD trial randomized 5734 patients with
T2DM and CKD in a 1:1 ratio to receive either fenidone
(2833 subjects) or placebo (2841 subjects) [92]. The pri-
mary endpoint (>40% decrease in GFR, or death due to re-
nal disease) incidence was 17.8% in the fenidone group and
21.1% in the placebo group (hazard ratio [HR]: 0.82; 95%
confidence interval [CI]: 0.73–0.93; p = 0.001). The com-
bined outcome rate for cardiovascular events was 13.0% in
the fenidone group and 14.8% in the placebo group (HR:
0.86; 95% CI: 0.75–0.99; p = 0.03). Hence, these studies
show that fenidone is effective in delaying the progression
of CKD and in reducing cardiovascular events in patients
with end-stage diabetic nephropathy and CKD. Although
such large-scale studies have provided guidance for the use
of these two new drugs, more research is needed to deter-
mine their benefits in CKD-G5D patients.

For CKD-G5D patients with ACS, it remains con-
troversial whether complete revascularization with PCI or
CABG, or standard medical treatment is the best course of
action. Studies of asymptomatic patients without CKD or
ESRD have failed to show that revascularization is ben-
eficial for outcome. Long-term mortality after preven-
tive coronary revascularization in clinically stable coronary
heart disease patients is similar to those receiving the best
drug treatment (23% vs. 22%, p = 0.92) [60]. Hence there is
no clear evidence that early invasive treatment is beneficial
in this population. The current status of management and
treatment schemes for several specific CAD classifications
are reviewed in the following section.

CCS is usually atypical in dialysis patients and may be
difficult to differentiate from dialysis symptoms. It there-
fore requires particular attention in CKD-G5D patients.
The ESC published diagnosis and management guidelines
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for CCS in 2019 [7]. These recommend regular electrocar-
diograms and more advanced, non-invasive tests in patients
with a high cardiovascular risk as defined by the risk distri-
bution map of ESC-SCORE. For CKD-G5D patients, spe-
cial attention should be paid during risk assessment because
late-stage CKD is itself one of the risk factors. This means
that other relatively controllable risk factors such as smok-
ing should be reduced or eliminated as much as possible.
However, the efficacy of non-invasive stress testing in pa-
tients with CKD-G5D is also unsatisfactory, as previously
discussed. The International Study of Comparative Health
Effectiveness with Medical and Invasive Approaches (IS-
CHEMIA) study randomized patients into two groups: one
received revascularization plus optimal drug treatment, and
the other received only the optimal drug treatment. No
significant difference in treatment effect was observed be-
tween the two groups. ISCHEMIA-CKD is a substudy of
the patients with advanced CKD. This researcher-initiated,
international randomized trial aims to determine whether
coronary angiography and revascularization (PCI or coro-
nary artery bypass grafting (CABG)) combined with the
drug therapy recommended by the guidelines can reduce
cardiovascular events in patients with advanced CKD and
moderate or severe myocardial ischemia. Results from the
2019 study showed that the probability of death or myocar-
dial infarction at 2.3 years follow-up was 36.4% in the com-
bined treatment (invasive) group and 36.7% in the drug-
treated (conservative) group (p = 0.95) [93]. These results
were confirmed in the latest follow-up study published in
2022, which found a similar rate of progression to dial-
ysis treatment between the two groups [94], although the
median time to dialysis was considerably shorter in the in-
vasive treatment group. The above trial findings suggest
that early revascularization in asymptomatic CKD-G5D pa-
tients with stable CCS may not confer additional therapeu-
tic benefit compared to drug therapy. Currently, there are
insufficient clinical trials to be definitive about the best
medical therapy for CKD-G5D patients with CCS. Anti-
hypertensive drugs have generally been used as first-line
therapy. Beta-blockers are widely used and can signifi-
cantly improve the outcome of high-risk groups [95,96].
Angiotensin receptor blocker (ARB) or angiotension con-
verting enzyme inhibitors (ACE-I) are recommended for
dialysis patients with hypertension [97]. More clinical re-
search and guidance from specialized societies are needed
to determine the role of statins in these patients.

The diagnosis of non-ST-segment elevation myocar-
dial infarction in CKD-G5D patients is also difficult be-
cause they have atypical clinical symptoms andmay present
with nonspecific ECG changes. The baseline level of car-
diac troponin T (cTnT) gradually increases with the devel-
opment of CKD. A higher cTnT threshold should there-
fore be used for the diagnosis of acute myocardial infarc-
tion (AMI) in dialysis patients. Studies have suggested that
CKD-G5D patients with non-STEMI can benefit from PCI,

and have a better outcome than drug therapy alone [98,99].
However, there are currently no clear recommendations on
the timing of interventions for these patients, or the strategy
of revascularization. ESC guidelines from 2015 suggest
that dialysis patients should undergo invasive methods in
order to make decisions regarding early intervention. How-
ever, several meta-analyses that support this view did not
include CKD-G5D patients. A systematic review by Shaw
et al. [100] in 2016 did not support early invasive treatment
for patients with dialysis or renal transplantation.

Evidence-based guidance is also urgently needed for
the treatment of CKD-G5D in patients with STEMI. This
complex patient group is not well represented in STEMI
trials, and there are few studies on this cohort. Cardiolo-
gists have so far failed to reach a consensus on manage-
ment and treatment plans for this population. The diagnosis
of STEMI in CKD-G5D patients is difficult, the presenta-
tion is atypical, and there are more complications resulting
in higher mortality and poor prognosis. Moreover, the risk
of invasive coronary revascularization and drug treatment is
higher than in the general population. Dialysis patients usu-
ally receive less reperfusion therapy, thrombolysis therapy,
statins, PCI and CABG compared with the general popu-
lation [101]. In a 2017 cohort study of 30,072 CKD-G5D
patients with STEMI, 65.2% received reperfusion therapy,
2.1% thrombolysis therapy, 50.5% coronary angiography,
32.2% PCI, and 6.3% CABG [101]. The most recent ESC
STEMI guidelines issued in 2017 recommend that renal
function in STEMI patients should be independently and
rapidly evaluated, regardless of whether or not the patient
receives reperfusion treatment [102]. Due to the lack of
clinical trial data, this guideline did not provide complete
and specific indications for reperfusion treatment in CKD-
G5D patients. However, the ESC recommends reperfusion
therapy for patients with STEMI diagnosed within 12 hours
[103]. If PCI cannot be performed in time after the diagno-
sis is established, thrombolysis should be performed within
12 hours, since the probability of massive hemorrhage in
the CKD-G5D population is no higher than in the general
population. Observational studies have shown that PCI is
more effective than thrombolysis [104]. PCI is associated
with better short-term survival than CABG, but worse long-
term survival. Drug therapy guidance for this population
is limited, but currently aspirin and heparin appear to be
preferred. DAPT is used to reduce the incidence of throm-
bosis and AMI following hospital discharge after invasive
treatments such as PCI and coronary stenting. However,
DAPT can also increase the risk of bleeding events [102].
The ESC guidelines use a score for hemorrhagic risk with
DAPT following PCI. This comprises the 5 indicators of
age, GFR, hemoglobin, white blood cell count, and previ-
ous bleeding events. Short-termDAPT (3–6months) is rec-
ommended when the score is >25, while long-term DAPT
(12–24 months) is recommended when the score is <25.
Patients with CKD-G5D have little to no renal function,
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Table 2. Main effects of common treatments.
Treatment Major objective Remarks

Medication Statin There is no evidence of benefit Disputable benefit

Anti-hypertensive drug Reduce arterial stiffness

Anti-inflammatory agent Reduce chronic inflammation Not recommended: impaired renal function;
lack of data on vascular effects

Antioxidant drugs Improve arterial condition Ascorbic acid: improve dilation

Phosphate binder Reduce gastrointestinal phosphate absorption
while improving arterial stiffness

The effect is not obvious due to a lack of data

Allopurinol Protect endothelium

DOAC Treatment of thromboembolic complications Difficult to clear by dialysis, so not suitable for
renal insufficiency or dialysis patients

Ranolazine Treatment of angina pectoris complications Reduction is required

SGLT-2i Treat diabetes Cardiorenal protection

Finerenone Cardiovascular protection

VKA Commonly used in DAPT or TAPT, no less ef-
fective than DOAC for HD patients

Mainly Warfarin

SAPT Insufficient effect on HD patients

DAPT More applicable to HD patients Lack of guidance on specific medication regi-
mens for this specific population of HD patients

TAPT Relatively high risk of hemorrhage, not well
suited for HD patients

Assessment of patients at low risk of bleeding
allows for individualized application

Invasive therapy PCI Treat angina pectoris and myocardial ischemia At present, the research shows that early inva-
sive treatment does not result in obvious im-
provement, and the outcome is not as good as
with drug treatment

CABG Blood supply reconstruction Same as above
Abbreviations: HD, hemodialysis; DOAC, direct oral anticoagulant; SGLT-2i, sodium-dependent glucose transporter 2 inhibitor; VKA, vitamin
K antagonist; SAPT, single-antiplatelet therapy; DAPT, dual-antiplatelet therapy; TAPT, triple-antiplatelet therapy; PCI, percutaneous coronary
intervention; CABG, coronary artery bypass grafting.

and hence their score should start at 25 [105]. A cohort
study concluded that the risk ratio was lower in the long-
term DAPT group. However, this study included GFR<40
mL/min, and the number of CKD-G5D patients was un-
known. Therefore, the conclusion reached may not apply
to CKD-G5D patients [105]. A similar study from Taiwan
compared the outcomes of DAPT treatment for duration of
longer or shorter than 6months and concluded that length of
treatment was not related to patient outcomes [106]. In con-
clusion, there is still a dearth of reliable data on treatment
outcomes from DAPT regimens in CKD-G5D patients with
STEMI following invasive treatment. Since the conclu-
sions of many studies are contradictory, it is still too early
to establish guidelines on this topic.

In view of the complexity of current treatments, we
created a simple table to list the different treatment cat-
egories, the treatment objective, and the current evidence
concerning outcomes (Table 2).

6. Conclusions
The incidence of CVD in the CKD-G5D population is

high and is the leading cause of death in these patients. In
2016 in the United States, the mortality rate for all dialysis
patients was 179/1000 patient-years, 37% of which was at-
tributed to cardiac causes [107,108]. Sudden death is com-
mon in CKD-G5D patients, probably due to changes in vol-
ume, electrolytes, and drug concentrations that trigger ar-
rhythmias in those with myocardial disease (LVH and heart
failure) [9,109]. As the GFR decreases, non-arterial events
account for a higher proportion of CVD events.

The incidence of CAD increases linearly with the pro-
gression of CKD, as CKD is itself a risk factor for CAD.
The CKD population has a high incidence of traditional
risk factors for CAD (e.g., diabetes, hypertension), as well
as non-traditional factors such as oxidative stress, chronic
inflammation, and VC. Because of these co-morbidities,
CAD progresses faster in CKD-G5D patients than in the
general population. Screening for coronary heart disease
in these patients is also challenging. As CKD progresses,

8

https://www.imrpress.com


the clinical manifestations of CAD patients are often atyp-
ical. For example, only 44% of dialysis patients compared
to 68% of non-dialysis patients suffer from chest pain when
an AMI occurs [9]. In addition, the risks associated with
invasive examinations are also increased in CKD-G5D pa-
tients. Therefore, it is difficult to reach a consensus on the
management and treatment strategies for this complex pa-
tient population. The use of drug treatment for coronary
heart disease is usually less in CKD patients than in non-
CKD patients. However, the percentage of patients receiv-
ing treatment has increased in recent years. The benefits
of invasive treatment in CKD patients are still controver-
sial, with some authors reporting that early intervention is
beneficial, whereas others have claimed there are no bene-
fits compared to conservative drug treatment. It has proven
difficult to reach a consensus in this field due to the lack of
relevant clinical trial data and the limited number of CKD-
G5D patients enrolled in many of the studies. More data
from large-scale clinical studies are needed to confidently
guide the diagnosis and treatment of this complex group of
CAD patients.

Author Contributions
CZ and XS designed the research study. PG and XJZ

contributed to acquisition of data, manuscript writing, and
made specific revisions to the manuscript. CZ provided
project administration. All authors contributed to editorial
changes in the manuscript. All authors read and approved
the final manuscript. All authors have participa-ted suffi-
ciently in the work and agreed to be accountable for all as-
pects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research was funded by the National Natural Sci-

ence Foundation of China grants 82100794 (to Dr. Pan
Gao), 81974096 (to Pro. Chun. Zhang.), 81961138007 (to
Pro. Chun. Zhang.) and a grant from the Natural Science
Foundation of Hubei province of China (2021CFB269).

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Manjunath G, Tighiouart H, Ibrahim H, MacLeod B, Salem

DN, Griffith JL, et al. Level of kidney function as a risk factor
for atherosclerotic cardiovascular outcomes in the community.
Journal of the American College of Cardiology. 2003; 41: 47–
55.

[2] Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic
kidney disease and the risks of death, cardiovascular events, and
hospitalization. The New England Journal of Medicine. 2004;
351: 1296–1305.

[3] Whelton PK, Carey RM, Aronow WS, Casey DE,
Jr, Collins KJ, Dennison Himmelfarb C, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA
/PCNA Guideline for the Prevention, Detection, Evaluation,
and Management of High Blood Pressure in Adults: A Report
of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines. Journal
of the American College of Cardiology. 2018; 71: e127–e248.

[4] AIM-HIGH Investigators, BodenWE, Probstfield JL, Anderson
T, Chaitman BR, Desvignes-Nickens P, et al. Niacin in patients
with low HDL cholesterol levels receiving intensive statin ther-
apy. The New England Journal of Medicine. 2011; 365: 2255–
2267.

[5] Meine TJ, Roe MT, Chen AY, Patel MR, Washam JB, Ohman
EM, et al. Association of intravenous morphine use and out-
comes in acute coronary syndromes: results from the CRU-
SADEQuality Improvement Initiative. American Heart Journal.
2005; 149: 1043–1049.

[6] Kubica J, Adamski P, Ostrowska M, Sikora J, Kubica JM, Sroka
WD, et al. Morphine delays and attenuates ticagrelor exposure
and action in patients with myocardial infarction: the random-
ized, double-blind, placebo-controlled IMPRESSION trial. Eu-
ropean Heart Journal. 2016; 37: 245–252.

[7] Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-
Brentano C, et al. 2019 ESC Guidelines for the diagnosis and
management of chronic coronary syndromes. European Heart
Journal. 2020; 41: 407–477.

[8] Chronic Kidney Disease Prognosis Consortium, Matsushita K,
van der Velde M, Astor BC, Woodward M, Levey AS, et al. As-
sociation of estimated glomerular filtration rate and albuminuria
with all-cause and cardiovascular mortality in general popula-
tion cohorts: a collaborative meta-analysis. The Lancet. 2010;
375: 2073–2081.

[9] Sarnak MJ, Amann K, Bangalore S, Cavalcante JL, Charytan
DM, Craig JC, et al. Chronic Kidney Disease and Coronary
Artery Disease: JACC State-of-the-Art Review. Journal of the
American College of Cardiology. 2019; 74: 1823–1838.

[10] Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH,
Heerspink HJL, Mann JF, et al. Chronic kidney disease and car-
diovascular risk: epidemiology, mechanisms, and prevention.
The Lancet. 2013; 382: 339–352.

[11] Miyata T, Horie K, Ueda Y, Fujita Y, Izuhara Y, Hirano H, et al.
Advanced glycation and lipidoxidation of the peritoneal mem-
brane: respective roles of serum and peritoneal fluid reactive
carbonyl compounds. Kidney International. 2000; 58: 425–435.

[12] Kumar U, Wettersten N, Garimella PS. Cardiorenal Syndrome:
Pathophysiology. Cardiology Clinics. 2019; 37: 251–265.

[13] Ronco C, Haapio M, House AA, Anavekar N, Bellomo R. Car-
diorenal syndrome. Journal of the American College of Cardiol-
ogy. 2008; 52: 1527–1539.

[14] Lekawanvijit S. Cardiotoxicity of Uremic Toxins: A Driver of
Cardiorenal Syndrome. Toxins. 2018; 10: 352.

[15] CampeanV,Neureiter D, Varga I, Runk F, ReimanA,Garlichs C,
et al. Atherosclerosis and vascular calcification in chronic renal
failure. Kidney & Blood Pressure Research. 2005; 28: 280–289.

[16] Braun J, Oldendorf M, Moshage W, Heidler R, Zeitler E, Luft
FC. Electron beam computed tomography in the evaluation of
cardiac calcification in chronic dialysis patients. American Jour-
nal of Kidney Diseases. 1996; 27: 394–401.

[17] Desjardins MP, Sidibé A, Fortier C, Mac-Way F, Marquis K, De
Serres S, et al. Association of interleukin-6 with aortic stiffness
in end-stage renal disease. Journal of the American Society of
Hypertension. 2018; 12: 5–13.

9

https://www.imrpress.com


[18] Wallquist C, Mansouri L, Norrbäck M, Hylander B, Jacobson
SH, Lundahl J. Early Changes in Monocyte Adhesion Molecule
Expression and Tumor Necrosis Factor-α Levels in Chronic
Kidney Disease - A 5-Year Prospective Study. American Journal
of Nephrology. 2016; 44: 268–275.

[19] Zanoli L, Lentini P, Briet M, Castellino P, House AA, London
GM, et al. Arterial Stiffness in the Heart Disease of CKD. Jour-
nal of the American Society of Nephrology. 2019; 30: 918–928.

[20] Yao Q, Axelsson J, Stenvinkel P, Lindholm B. Chronic systemic
inflammation in dialysis patients: an update on causes and con-
sequences. ASAIO Journal. 2004; 50: lii–lvii.

[21] Zanoli L, Rastelli S, Inserra G, Castellino P. Arterial structure
and function in inflammatory bowel disease. World Journal of
Gastroenterology. 2015; 21: 11304–11311.

[22] Liu J, Ma KL, GaoM,Wang CX, Ni J, Zhang Y, et al. Inflamma-
tion disrupts the LDL receptor pathway and accelerates the pro-
gression of vascular calcification in ESRD patients. PLoS ONE.
2012; 7: e47217.

[23] Hénaut L,Mary A, Chillon JM, Kamel S,Massy ZA. The Impact
of Uremic Toxins on Vascular Smooth Muscle Cell Function.
Toxins. 2018; 10: 218.

[24] Zhang D, Bi X, Liu Y, Huang Y, Xiong J, Xu X, et al. High
Phosphate-Induced Calcification of Vascular Smooth Muscle
Cells is Associated with the TLR4/NF-κb Signaling Pathway.
Kidney & Blood Pressure Research. 2017; 42: 1205–1215.

[25] Sies H. Oxidative stress: oxidants and antioxidants. Experimen-
tal Physiology. 1997; 82: 291–295.

[26] Liakopoulos V, Roumeliotis S, Gorny X, Dounousi E, Mertens
PR. Oxidative Stress in Hemodialysis Patients: A Review of the
Literature. Oxidative Medicine and Cellular Longevity. 2017;
2017: 3081856.

[27] Lacolley P, Regnault V, Segers P, Laurent S. Vascular Smooth
Muscle Cells and Arterial Stiffening: Relevance in Develop-
ment, Aging, and Disease. Physiological Reviews. 2017; 97:
1555–1617.

[28] Park JH, Jin YM, Hwang S, Cho DH, Kang DH, Jo I. Uric
acid attenuates nitric oxide production by decreasing the inter-
action between endothelial nitric oxide synthase and calmodulin
in human umbilical vein endothelial cells: a mechanism for uric
acid-induced cardiovascular disease development. Nitric Oxide.
2013; 32: 36–42.

[29] Mazzali M, Kanellis J, Han L, Feng L, Xia YY, Chen Q, et al.
Hyperuricemia induces a primary renal arteriolopathy in rats by
a blood pressure-independent mechanism. American Journal of
Physiology: Renal Physiology. 2002; 282: F991–F997.

[30] Chinnappa S, Tu YK, Yeh YC, Glorieux G, Vanholder R,
Mooney A. Association between Protein-Bound Uremic Tox-
ins and Asymptomatic Cardiac Dysfunction in Patients with
Chronic Kidney Disease. Toxins. 2018; 10: 520.

[31] Wu IW, Hsu KH, Lee CC, Sun CY, Hsu HJ, Tsai CJ, et al.
p-Cresyl sulphate and indoxyl sulphate predict progression of
chronic kidney disease. Nephrology Dialysis Transplantation.
2011; 26: 938–947.

[32] Hindy G, Tyrrell DJ, Vasbinder A, Wei C, Presswalla F, Wang
H, et al. Increased soluble urokinase plasminogen activator lev-
els modulate monocyte function to promote atherosclerosis. The
Journal of Clinical Investigation. 2022; 132: e158788.

[33] Gurm HS, Gore JM, Anderson FA Jr, Wyman A, Fox KA, Steg
PG, et al. Comparison of acute coronary syndrome in patients
receiving versus not receiving chronic dialysis (from the Global
Registry of Acute Coronary Events [GRACE] Registry). The
American Journal of Cardiology. 2012; 109: 19–25.

[34] Cai Q, Mukku VK, Ahmad M. Coronary artery disease in pa-
tients with chronic kidney disease: a clinical update. Current
Cardiology Reviews. 2013; 9: 331–339.

[35] Sosnov J, Lessard D, Goldberg RJ, Yarzebski J, Gore JM. Differ-
ential symptoms of acute myocardial infarction in patients with
kidney disease: a community-wide perspective. American Jour-
nal of Kidney Diseases. 2006; 47: 378–384.

[36] Herzog CA, Littrell K, Arko C, Frederick PD, Blaney M. Clin-
ical characteristics of dialysis patients with acute myocardial
infarction in the United States: a collaborative project of the
United States Renal Data System and the National Registry of
Myocardial Infarction. Circulation. 2007; 116: 1465–1472.

[37] Yee-MoonWang A, Wai-Kei Lam C, WangM, Hiu-Shuen Chan
I, Goggins WB, Yu C-M, et al. Prognostic value of cardiac tro-
ponin T is independent of inflammation, residual renal function,
and cardiac hypertrophy and dysfunction in peritoneal dialysis
patients. Clinical Chemistry. 2007; 53: 882–889.

[38] deFilippi C, Seliger SL, Kelley W, Duh SH, Hise M, Christen-
son RH, et al. Interpreting cardiac troponin results from high-
sensitivity assays in chronic kidney disease without acute coro-
nary syndrome. Clinical Chemistry. 2012; 58: 1342–1351.

[39] Gunsolus I, Sandoval Y, Smith SW, Sexter A, Schulz K, Her-
zog CA, et al. Renal Dysfunction Influences the Diagnostic and
Prognostic Performance of High-Sensitivity Cardiac Troponin I.
Journal of the American Society of Nephrology. 2018; 29: 636–
643.

[40] Miller-Hodges E, Anand A, Shah ASV, Chapman AR, Gallacher
P, Lee KK, et al. High-Sensitivity Cardiac Troponin and the
Risk Stratification of PatientsWith Renal Impairment Presenting
With Suspected Acute Coronary Syndrome. Circulation. 2018;
137: 425–435.

[41] Sharma R, Pellerin D, Gaze DC, Gregson H, Streather CP,
Collinson PO, et al. Dobutamine stress echocardiography and
the resting but not exercise electrocardiograph predict severe
coronary artery disease in renal transplant candidates. Nephrol-
ogy Dialysis Transplantation. 2005; 20: 2207–2214.

[42] Fletcher GF, Ades PA, Kligfield P, Arena R, Balady GJ, Bittner
VA, et al. Exercise standards for testing and training: a scien-
tific statement from the American Heart Association. Circula-
tion. 2013; 128: 873–934.

[43] Wang LW, Masson P, Turner RM, Lord SW, Baines LA, Craig
JC, et al. Prognostic value of cardiac tests in potential kid-
ney transplant recipients: a systematic review. Transplantation.
2015; 99: 731–745.

[44] Lattanzi F, Picano E, Adamo E, Varga A. Dobutamine stress
echocardiography: safety in diagnosing coronary artery disease.
Drug Safety. 2000; 22: 251–262.

[45] Gurunathan S, Senior R. Stress Echocardiography in Stable
Coronary Artery Disease. Current Cardiology Reports. 2017;
19: 121.

[46] Haberl R, Becker A, Leber A, Knez A, Becker C, Lang C, et al.
Correlation of coronary calcification and angiographically doc-
umented stenoses in patients with suspected coronary artery dis-
ease: results of 1,764 patients. Journal of the American College
of Cardiology. 2001; 37: 451–457.

[47] Raggi P, Boulay A, Chasan-Taber S, Amin N, Dillon M, Burke
SK, et al. Cardiac calcification in adult hemodialysis patients. A
link between end-stage renal disease and cardiovascular disease?
Journal of the American College of Cardiology. 2002; 39: 695–
701.

[48] Sharples EJ, Pereira D, Summers S, Cunningham J, Rubens M,
Goldsmith D, et al. Coronary artery calcification measured with
electron-beam computerized tomography correlates poorly with
coronary artery angiography in dialysis patients. American Jour-
nal of Kidney Diseases. 2004; 43: 313–319.

[49] Winther S, SvenssonM, Jørgensen HS, Bouchelouche K, Gorm-
sen LC, Pedersen BB, et al. Diagnostic Performance of Coronary
CT Angiography and Myocardial Perfusion Imaging in Kid-
ney Transplantation Candidates. JACC: Cardiovascular Imag-
ing. 2015; 8: 553–562.

10

https://www.imrpress.com


[50] Ghostine S, Caussin C, Daoud B, Habis M, Perrier E, Pesenti-
Rossi D, et al. Non-invasive detection of coronary artery disease
in patients with left bundle branch block using 64-slice com-
puted tomography. Journal of the American College of Cardiol-
ogy. 2006; 48: 1929–1934.

[51] McCullough PA. Coronary artery disease. Clinical Journal of the
American Society of Nephrology. 2007; 2: 611–616.

[52] Mollet NR, Cademartiri F, Nieman K, Saia F, Lemos PA, Mc-
Fadden EP, et al. Multislice spiral computed tomography coro-
nary angiography in patients with stable angina pectoris. Journal
of the American College of Cardiology. 2004; 43: 2265–2270.

[53] Simonsen JA, Mickley H, Johansen A, Hess S, Thomassen A,
Gerke O, et al. Outcome of revascularisation in stable coro-
nary artery disease without ischaemia: a Danish registry-based
follow-up study. BMJ Open. 2017; 7: e016169.

[54] Hage FG, Smalheiser S, Zoghbi GJ, Perry GJ, Deierhoi M,
Warnock D, et al. Predictors of survival in patients with end-
stage renal disease evaluated for kidney transplantation. The
American Journal of Cardiology. 2007; 100: 1020–1025.

[55] Callan PD, Bhandari S, Clark AL, Eadington D, Papadopoulos
E, Tweddel AC. The utility of myocardial perfusion imaging
before renal transplantation: a retrospective analysis. Nuclear
Medicine Communications. 2018; 39: 228–235.

[56] Wang LW, FahimMA, Hayen A, Mitchell RL, Baines L, Lord S,
et al. Cardiac testing for coronary artery disease in potential kid-
ney transplant recipients. The Cochrane Database of Systematic
Reviews. 2011; 2011: CD008691.

[57] Tavakol M, Ashraf S, Brener SJ. Risks and complications of
coronary angiography: a comprehensive review. Global Journal
of Health Science. 2012; 4: 65–93.

[58] Hakeem A, Bhatti S, Chang SM. Screening and risk stratifica-
tion of coronary artery disease in end-stage renal disease. JACC:
Cardiovascular Imaging. 2014; 7: 715–728.

[59] Ripley DP, Kannoly S, Gosling OE, Hossain E, Chawner RR,
Moore J, et al. Safety and feasibility of dobutamine stress cardiac
magnetic resonance for cardiovascular assessment prior to renal
transplantation. Journal of Cardiovascular Medicine. 2014; 15:
288–294.

[60] Chronic Kidney Disease Prognosis Consortium, Matsushita K,
van der Velde M, Astor BC, Woodward M, Levey AS, et al. As-
sociation of estimated glomerular filtration rate and albuminuria
with all-cause and cardiovascular mortality in general popula-
tion cohorts: a collaborative meta-analysis. The Lancet. 2010;
375: 2073–2081.

[61] Vlachopoulos C, Aznaouridis K, Dagre A, Vasiliadou C, Ma-
soura C, Stefanadi E, et al. Protective effect of atorvastatin on
acute systemic inflammation-induced endothelial dysfunction in
hypercholesterolaemic subjects. European Heart Journal. 2007;
28: 2102–2109.

[62] Fassett RG, Robertson IK, Ball MJ, Geraghty DP, Sharman
JE, Coombes JS. Effects of atorvastatin on arterial stiffness in
chronic kidney disease: a randomised controlled trial. Journal
of Atherosclerosis and Thrombosis. 2010; 17: 235–241.

[63] Tonelli M, Wanner C, Cass A, Garg A, Holdaas H, Jardine A, et
al. Kidney disease: improving global outcomes (KDIGO) lipid
work group. KDIGO clinical practice guideline for lipid man-
agement in chronic kidney disease. Kidney International Sup-
plements. 2013; 3: 1–315.

[64] Baigent C, Landray MJ, Reith C, Emberson J, Wheeler DC,
Tomson C, et al. The effects of lowering LDL cholesterol with
simvastatin plus ezetimibe in patients with chronic kidney dis-
ease (Study of Heart and Renal Protection): a randomised
placebo-controlled trial. The Lancet. 2011; 377: 2181–2192.

[65] Lo HY, Lin YS, Lin DSH, Lee JK, Chen WJ. Association of
Statin Therapy With Major Adverse Cardiovascular and Limb
Outcomes in Patients With End-stage Kidney Disease and Pe-

ripheral Artery Disease ReceivingMaintenance Dialysis. JAMA
Network Open. 2022; 5: e2229706.

[66] Athyros VG, Katsiki N, Karagiannis A, Mikhailidis DP. Statins
can improve proteinuria and glomerular filtration rate loss in
chronic kidney disease patients, further reducing cardiovascu-
lar risk. Fact or fiction? Expert Opinion on Pharmacotherapy.
2015; 16: 1449–1461.

[67] Sanguankeo A, Upala S, Cheungpasitporn W, Ungprasert P,
Knight EL. Effects of Statins on Renal Outcome in Chronic Kid-
ney Disease Patients: A Systematic Review and Meta-Analysis.
PLoS ONE. 2015; 10: e0132970.

[68] Shahin Y, Khan JA, Chetter I. Angiotensin converting enzyme
inhibitors effect on arterial stiffness and wave reflections: a
meta-analysis and meta-regression of randomised controlled tri-
als. Atherosclerosis. 2012; 221: 18–33.

[69] Raptis AE, Markakis KP, Mazioti MC, Ikonomidis I, Maratou
EP, Vlahakos DV, et al. Effect of aliskiren on circulating en-
dothelial progenitor cells and vascular function in patients with
type 2 diabetes and essential hypertension. American Journal of
Hypertension. 2015; 28: 22–29.

[70] McGaughey TJ, Fletcher EA, Shah SA. Impact of Antihyperten-
sive Agents on Central Systolic Blood Pressure and Augmenta-
tion Index: A Meta-Analysis. American Journal of Hyperten-
sion. 2016; 29: 448–457.

[71] Zanoli L, Ozturk K, Cappello M, Inserra G, Geraci G, Tut-
tolomondo A, et al. Inflammation and Aortic Pulse Wave Ve-
locity: A Multicenter Longitudinal Study in Patients With In-
flammatory Bowel Disease. Journal of the American Heart As-
sociation. 2019; 8: e010942.

[72] Vlachopoulos C, Gravos A, Georgiopoulos G, Terentes-
Printzios D, Ioakeimidis N, Vassilopoulos D, et al. The effect
of TNF-a antagonists on aortic stiffness and wave reflections: a
meta-analysis. Clinical Rheumatology. 2018; 37: 515–526.

[73] Zhang X, Donnan PT, Bell S, Guthrie B. Non-steroidal anti-
inflammatory drug induced acute kidney injury in the commu-
nity dwelling general population and people with chronic kidney
disease: systematic review and meta-analysis. BMC Nephrol-
ogy. 2017; 18: 256.

[74] Ghiadoni L, Cupisti A, Huang Y, Mattei P, Cardinal H, Favilla
S, et al. Endothelial dysfunction and oxidative stress in chronic
renal failure. Journal of Nephrology. 2004; 17: 512–519.

[75] Gillis K, Stevens KK, Bell E, Patel RK, Jardine AG, Morris
STW, et al. Ascorbic acid lowers central blood pressure and
asymmetric dimethylarginine in chronic kidney disease. Clini-
cal Kidney Journal. 2018; 11: 532–539.

[76] Xin W, Mi S, Lin Z. Allopurinol therapy improves vascular en-
dothelial function in subjects at risk for cardiovascular diseases:
a meta-analysis of randomized controlled trials. Cardiovascular
Therapeutics. 2016; 34: 441–449.

[77] Deng G, Qiu Z, Li D, Fang Y, Zhang S. Effects of Allopurinol on
Arterial Stiffness: A Meta-Analysis of Randomized Controlled
Trials. Medical Science Monitor. 2016; 22: 1389–1397.

[78] Iimori S, Mori Y, Akita W, Takada S, Kuyama T, Ohnishi T,
et al. Effects of sevelamer hydrochloride on mortality, lipid
abnormality and arterial stiffness in hemodialyzed patients: a
propensity-matched observational study. Clinical and Experi-
mental Nephrology. 2012; 16: 930–937.

[79] Chue CD, Townend JN, Moody WE, Zehnder D, Wall NA,
Harper L, et al. Cardiovascular effects of sevelamer in stage 3
CKD. Journal of the American Society of Nephrology. 2013; 24:
842–852.

[80] De Luca L, Mistrulli R, Veneziano FA, Grigioni F, Volpe M,
Musumeci F, et al. Antithrombotic Strategies in Patients with
Atrial Fibrillation and Acute Coronary Syndromes Undergo-
ing Percutaneous Coronary Intervention. Journal of Clinical
Medicine. 2022; 11: 512.

11

https://www.imrpress.com


[81] Grandone E, Aucella F, Barcellona D, Brunori G, Forneris G,
Gresele P, et al. Position paper on the safety/efficacy profile
of Direct Oral Anticoagulants in patients with Chronic Kidney
Disease: Consensus document of Società Italiana di Nefrolo-
gia (SIN), Federazione Centri per la diagnosi della trombosi e la
Sorveglianza delle terapie Antitrombotiche (FCSA) and Società
Italiana per lo Studio dell’Emostasi e della Trombosi (SISET).
Journal of Nephrology. 2021; 34: 31–38.

[82] Cheung CYS, Parikh J, Farrell A, Lefebvre M, Summa-Sorgini
C, Battistella M. Direct Oral Anticoagulant Use in Chronic Kid-
ney Disease and Dialysis Patients With Venous Thromboem-
bolism: A Systematic Review of Thrombosis and Bleeding Out-
comes. The Annals of Pharmacotherapy. 2021; 55: 711–722.

[83] Gao F, Rahman F. DOACs and Atherosclerotic Cardiovascular
Disease Management: Can We Find the Right Balance Between
Efficacy and Harm. Current Atherosclerosis Reports. 2022; 24:
457–469.

[84] Kuno T, Takagi H, Ando T, Sugiyama T, Miyashita S, Valentin
N, et al. Oral Anticoagulation for Patients With Atrial Fibrilla-
tion on Long-Term Hemodialysis. Journal of the American Col-
lege of Cardiology. 2020; 75: 273–285.

[85] Becattini C, Giustozzi M, Ranalli MG, Bogliari G, Cianella F,
Verso M, et al. Variation of renal function over time is asso-
ciated with major bleeding in patients treated with direct oral
anticoagulants for atrial fibrillation. Journal of Thrombosis and
Haemostasis. 2018; 16: 833–841.

[86] Ponchia PI, Ahmed R, Farag M, Alkhalil M. Antiplatelet Ther-
apy in End-stage Renal Disease Patients on Maintenance Dialy-
sis: a State-of-the-art Review. Cardiovascular Drugs and Ther-
apy. 2022. (online ahead of print)

[87] Jeong KH, Cho JH, Woo JS, Kim JB, Kim WS, Lee TW, et
al. Platelet reactivity after receiving clopidogrel compared with
ticagrelor in patients with kidney failure treated with hemodialy-
sis: a randomized crossover study. American Journal of Kidney
Diseases. 2015; 65: 916–924.

[88] Rosano GMC, Vitale C, Volterrani M. Pharmacological Man-
agement of Chronic Stable Angina: Focus on Ranolazine. Car-
diovascular Drugs and Therapy. 2016; 30: 393–398.

[89] Southard RA, M Blum R, Bui AH, Blankstein R. Neurologic
adverse effects of ranolazine in an elderly patient with renal im-
pairment. Pharmacotherapy. 2013; 33: e9–e13.

[90] Wheeler DC, Stefánsson BV, Jongs N, Chertow GM, Greene T,
Hou FF, et al. Effects of dapagliflozin on major adverse kid-
ney and cardiovascular events in patients with diabetic and non-
diabetic chronic kidney disease: a prespecified analysis from the
DAPA-CKD trial. The Lancet Diabetes & Endocrinology. 2021;
9: 22–31.

[91] Zannad F, Ferreira JP, Pocock SJ, Anker SD, Butler J, Filippatos
G, et al. SGLT2 inhibitors in patients with heart failure with
reduced ejection fraction: a meta-analysis of the EMPEROR-
Reduced and DAPA-HF trials. The Lancet. 2020; 396: 819–829.

[92] Agarwal R, Anker SD, Filippatos G, Pitt B, Rossing P, Ruilope
LM, et al. Effects of canagliflozin versus finerenone on cardiore-
nal outcomes: exploratory post hoc analyses from FIDELIO-
DKD compared to reported CREDENCE results. Nephrology
Dialysis Transplantation. 2022; 37: 1261–1269.

[93] Bangalore S, Maron DJ, Fleg JL, O’Brien SM, Herzog CA,
Stone GW, et al. International Study of Comparative Health
Effectiveness with Medical and Invasive Approaches-Chronic
Kidney Disease (ISCHEMIA-CKD): Rationale and design.
American Heart Journal. 2018; 205: 42–52.

[94] Briguori C, Mathew RO, Huang Z, Mavromatis K, Hickson
LJ, Lau WL, et al. Dialysis Initiation in Patients With Chronic
Coronary Disease and Advanced Chronic Kidney Disease in
ISCHEMIA-CKD. Journal of the American Heart Association.
2022; 11: e022003.

[95] Matsue Y, Suzuki M, Nagahori W, Ohno M, Matsumura A,
Hashimoto Y. β-blocker prevents sudden cardiac death in pa-
tients with hemodialysis. International Journal of Cardiology.
2013; 165: 519–522.

[96] Jin J, Guo X, Yu Q. Effects of Beta-Blockers on Cardiovascular
Events and Mortality in Dialysis Patients: A Systematic Review
and Meta-Analysis. Blood Purification. 2019; 48: 51–59.

[97] Inrig JK. Intradialytic hypertension: a less-recognized cardio-
vascular complication of hemodialysis. American Journal of
Kidney Diseases. 2010; 55: 580–589.

[98] Shroff GR, Li S, Herzog CA. Trends in Mortality Following
Acute Myocardial Infarction Among Dialysis Patients in the
United States Over 15 Years. Journal of the American Heart As-
sociation. 2015; 4: e002460.

[99] Bhatia S, Arora S, Bhatia SM, Al-Hijji M, Reddy YNV, Pa-
tel P, et al. Non-ST-Segment-Elevation Myocardial Infarction
Among Patients With Chronic Kidney Disease: A Propensity
Score-Matched Comparison of Percutaneous Coronary Inter-
vention Versus Conservative Management. Journal of the Amer-
ican Heart Association. 2018; 7: e007920.

[100] Shaw C, Nitsch D, Lee J, Fogarty D, Sharpe CC. Impact of an
Early Invasive Strategy versus Conservative Strategy for Unsta-
ble Angina and Non-ST Elevation Acute Coronary Syndrome in
Patients with Chronic Kidney Disease: A Systematic Review.
PLoS ONE. 2016; 11: e0153478.

[101] Gupta T, Kolte D, Khera S, Goel K, Aronow WS, Cooper HA,
et al. Management and Outcomes of ST-Segment Elevation My-
ocardial Infarction in US Renal Transplant Recipients. JAMA
Cardiology. 2017; 2: 250–258.

[102] Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci
C, Bueno H, et al. 2017 ESC Guidelines for the management
of acute myocardial infarction in patients presenting with ST-
segment elevation: The Task Force for the management of acute
myocardial infarction in patients presenting with ST-segment el-
evation of the European Society of Cardiology (ESC). European
Heart Journal. 2018; 39: 119–177.

[103] Burlacu A, Artene B, Covic A. A Narrative Review on Throm-
bolytics in Advanced CKD: Is it an Evidence-Based Therapy?
Cardiovascular Drugs and Therapy. 2018; 32: 463–475.

[104] Keeley EC, Boura JA, Grines CL. Primary angioplasty versus
intravenous thrombolytic therapy for acute myocardial infarc-
tion: a quantitative review of 23 randomised trials. The Lancet.
2003; 361: 13–20.

[105] Carrero JJ, Varenhorst C, Jensevik K, Szummer K, Lagerqvist
B, Evans M, et al. Long-term versus short-term dual antiplatelet
therapy was similarly associated with a lower risk of death,
stroke, or infarction in patients with acute coronary syndrome
regardless of underlying kidney disease. Kidney International.
2017; 91: 216–226.

[106] Chen YT, Chen HT, Hsu CY, Chao PW, Kuo SC, Ou SM, et
al. Dual Antiplatelet Therapy and Clinical Outcomes after Coro-
nary Drug-Eluting Stent Implantation in Patients on Hemodial-
ysis. Clinical Journal of the American Society of Nephrology.
2017; 12: 262–271.

[107] Saran R, Robinson B, Abbott KC, Agodoa LYC, Albertus P,
Ayanian J, et al. US Renal Data System 2016 Annual Data Re-
port: Epidemiology of Kidney Disease in the United States.
American Journal of Kidney Diseases. 2017; 69: A7–A8.

[108] Dilsizian V, Gewirtz H, Marwick TH, Kwong RY, Raggi P, Al-
Mallah MH, et al. Cardiac Imaging for Coronary Heart Disease
Risk Stratification in Chronic Kidney Disease. JACC: Cardio-
vascular Imaging. 2021; 14: 669–682.

[109] Wanner C, Amann K, Shoji T. The heart and vascular system
in dialysis. The Lancet. 2016; 388: 276–284.

12

https://www.imrpress.com

	1. Introduction
	2. Epidemiology
	3. Pathophysiology of CAD in CKD-G5D Patients
	4. Screening for CAD in CKD-G5D Patients
	5. Management and Treatment Strategies for CAD in CKD-G5D Patients
	6. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

