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Abstract: Cardiovascular disease is the primary cause of mortality and morbidity in patients
with chronic kidney disease (CKD), particularly those with end-stage renal disease (ESRD)
undergoing hemodialysis. This paper examines the challenges of managing acute coronary
syndrome (ACS) in ESRD patients, focusing on the delicate balance between thrombotic
and bleeding risks. The review explores the mechanisms underlying the increased throm-
botic risk in ESRD, including elevated platelet aggregation, endothelial dysfunction, and
alterations in coagulation factors. Paradoxically, ESRD patients also exhibit higher bleeding
tendencies due to platelet dysfunction and other uremia-related factors. The efficacy and
safety of various antiplatelet therapies, including aspirin and P2Y12 inhibitors, are eval-
uated in this population. While potent P2Y12 inhibitors such as ticagrelor and prasugrel
have demonstrated potential in reducing ischemic events, they are associated with an
increased bleeding risk. The optimal duration of anti-platelet therapy (DAPT) in ESRD
patients remains controversial, with studies suggesting potential benefits of prolonged
DAPT but also increased bleeding risk. This review underscores the necessity for further
research and patient inclusion in clinical trials to establish evidence-based guidelines for
tailoring antithrombotic therapy in this high-risk population.

Keywords: anti-thrombotic therapy; end-stage renal disease; dialysis; acute coronary
syndrome

1. Introduction
Cardiovascular disease is the primary cause of mortality and morbidity for individuals

with chronic kidney disease (CKD). In addition to common risk factors for coronary artery
disease (CAD), such as diabetes, hypercholesterolemia, and hypertension, CKD patients
are also exposed to cardiovascular risks associated with uremia, including inflammation,
oxidative stress, and abnormal calcium-phosphorus metabolism [1]. The risk of cardiovas-
cular complications increases as renal function declines. For instance, individuals with
CKD and an estimated glomerular filtration rate (eGFR) below 45 mL/min/M2 are three
times more likely to experience acute myocardial infarction as their first indication of CAD
compared to those with normal kidney function [2]. Furthermore, CKD patients in stages
G3a to G4 (eGFR of 15–60 mL/min/1.73 m2) face approximately two and three times the
risk of cardiovascular mortality, respectively, in comparison to those without CKD. It is
worth noting that CKD patients are at a higher risk of developing cardiovascular disease
than progressing to end-stage renal disease (ESRD) [3].

Chronic kidney disease is defined by kidney damage and function levels, regardless
of the underlying cause. It is classified into five stages, from Stage 1, with a normal
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estimated glomerular filtration rate, to Stage 5, with an estimated glomerular filtration
rate <15 mL/min/1.73 m2 or hemodialysis [4,5]. Hemodialysis patients with end-stage
renal disease are susceptible to coronary artery disease, with prevalence from 30% to
60% [5]. A study showed even asymptomatic individuals with ESRD had 41% prevalence
of obstructive coronary artery disease. Hemodialysis patients face a ≥4-fold higher risk of
thrombotic cardiovascular events, like acute myocardial infarction, compared to the general
population [1,4].

Despite significant advancements in percutaneous coronary intervention (PCI), which
serves as the primary treatment modality for acute coronary syndrome (ACS) [6], patients
with end-stage renal disease (ESRD) face unique challenges. These challenges are primarily
due to a higher prevalence of comorbidities, particularly diabetes mellitus. Consequently,
these patients experience an increased incidence of ischemic events, a heightened risk
of in-stent restenosis, and elevated cardiovascular mortality rates [7]. The management
of these patients is further complicated by the necessity of administering antithrombotic
therapy following ACS or PCI. Unfortunately, clinical trials assessing the safety and efficacy
of antithrombotic agents in ACS or post-PCI settings frequently exclude individuals with
chronic kidney disease, especially those with ESRD who are undergoing hemodialysis [8].
As a result, there is limited evidence supporting the safe and effective use of advanced
cardiovascular therapies in these patients, leading to fewer evidence-based treatments
being prescribed after an ACS [9].

Dual antiplatelet therapy, comprising Aspirin and P2Y12 inhibitors, is crucial in
managing ACS, as it reduces platelet aggregation-associated risks [6]. However, this
therapy carries an increased risk of bleeding, necessitating a personalized approach to
determine the appropriate duration of therapy. Patients with end-stage renal disease have
a higher bleeding risk, irrespective of therapy use, and are identified as a risk factor for
bleeding after PCI in the ESC guidelines [6]. The Academic Research Consortium for High
Bleeding Risk has also identified ESRD and dialysis as significant factors contributing to
bleeding [10]. Consequently, achieving an optimal antiplatelet regimen for patients with
ESRD remains challenging.

This narrative review article aims to critically examine the current evidence, guidelines,
and controversies surrounding the use of dual anti-platelet therapy (DAPT) in ACS patients
with ESRD. We will explore the delicate balance between reducing thrombotic events
and minimizing bleeding complications in this vulnerable population. Furthermore, we
will analyze available data from observational studies, subgroup analyses, and limited
randomized controlled trials to elucidate the efficacy and safety profiles of various DAPT
regimens in ESRD patients with ACS. Emerging strategies for optimizing treatment in this
high-risk group will be examined, alongside a discussion on the potential of laboratory-
guided precision medicine approaches. By synthesizing the latest evidence and clinical
insights, this review aims to guide clinicians in making informed decisions to enhance
outcomes for this complex patient cohort.

2. High Thrombotic Risk in ESRD
Patients with end-stage renal disease (ESRD) undergoing hemodialysis face a signifi-

cantly elevated risk of thrombosis and hypercoagulable states. This heightened susceptibil-
ity stems from multiple mechanisms, including increased platelet aggregation, elevated
levels of coagulation factors such as Fibrinogen and factor VIII:C, reduced anticoagulant
activity of proteins C and S, and impaired fibrinolytic function. Additionally, elevated
plasma lipoprotein(a) concentrations, high homocysteine levels, and the presence of lupus
anticoagulant further contribute to this risk [11,12].
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The progression of CKD is characterized by a pro-inflammatory state that signif-
icantly contributes to cardiovascular complications, such as ACS. This inflammatory
process is marked by elevated levels of specific inflammatory markers and cytokines,
including high-sensitivity C-reactive protein (hsCRP), fibrinogen, interleukin-1 (IL-1),
interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNFα). These markers are asso-
ciated with the decline in kidney function and indicate systemic inflammation [11,13].
Furthermore, the process involves vascular inflammation and increased oxidative stress
due to the excessive production of reactive oxygen and nitrogen species. The accumu-
lation of uremic toxins in CKD patients further exacerbates this inflammatory state.
Collectively, these pro-inflammatory conditions accelerate atherosclerosis, increase the
risk of thrombosis, impair vascular function, and promote vascular calcification. These
inflammatory indices are gaining increasing importance in the context of acute coronary
syndromes [11,13,14].

The dialysis process itself exacerbates the thrombotic risk by inducing platelet de-
granulation and activation. Studies have demonstrated increased levels of P-selectin and
fibrinogen receptor PAC-1 in platelets of dialysis patients [12]. Furthermore, endothelial
injury and inflammation in ESRD compromise vascular integrity and antithrombotic prop-
erties, accelerating atherosclerosis and increasing plaque instability [14,15]. The damaged
endothelium loses its ability to produce natural anticoagulants and becomes more prone
to attracting platelets and inflammatory cells. This endothelial dysfunction, coupled with
the accelerated atherosclerosis observed in ESRD patients, creates an environment highly
conducive to thrombus formation [16], particularly in areas of plaque rupture, plaque
erosion, or newly implanted stents.

Another critical factor in the hypercoagulable state of ESRD patients is the interaction
of blood with external surfaces during hemodialysis. This interaction leads to alterations in
extrinsic coagulation factors and tissue factor pathway inhibitors, resulting in the activation
of the coagulation cascade [14]. These multifaceted factors collectively contribute to the
high thrombotic risk observed in ESRD patients, necessitating careful management and
monitoring (Figure 1).
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Figure 1. Impact of CKD and uremia on platelet dysfunction. Published with permission from
CJASN [12]. (A) In healthy vasculature, the endothelium actively inhibits platelet activation through
the release of nitric oxide (NO), prostacyclin, and ectonucleotidases (CD39/CD73), which degrade
ATP and ADP, thereby limiting platelet recruitment. The endothelial glycocalyx and intact barrier
prevent platelet adhesion. Following vascular injury, subendothelial collagen and von Willebrand
factor (vWF) become exposed, triggering platelet adhesion via receptors such as GPIb-V-IX and
GPVI. This activates a cascade involving granule secretion (e.g., ADP, serotonin), thromboxane A2

(TXA2) synthesis, and integrin activation, ultimately promoting aggregation and fibrin formation
through thrombin, resulting in a stable thrombus. (B) In CKD, several pathological factors—uremic
toxin accumulation, dialysis effects, persistent inflammation, vascular dysfunction, anemia, and a
prothrombotic state—contribute to complex platelet abnormalities. These include reduced platelet
adhesion, variable aggregation responses, decreased TXA2 production, impaired granule release with
lower ADP and serotonin content, diminished clot retraction, elevated basal intracellular calcium, and
increased NO synthesis. Together, these disturbances may underline the paradox of both bleeding
and thrombotic risks observed in CKD.

3. Mechanisms of Higher Bleeding Risk in ESRD Patients
Despite increased thrombotic risk, individuals with end-stage renal disease (ESRD)

exhibit higher bleeding tendencies, both spontaneously and under antiplatelet therapy.
Patients with advanced kidney dysfunction have nearly doubled bleeding risk. Clini-
cally, increased susceptibility to bleeding in these patients may present as symptoms such
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as gastrointestinal bleeding, subdural hematoma, epistaxis, retinal hemorrhage, hema-
turia, ecchymosis, purpura, bleeding from the gums, gingival bleeding, genital bleeding,
hemoptysis, telangiectasia, hemarthrosis, and petechiae [12,17].

Platelet dysfunction in patients with severe renal impairment is a recognized issue.
The disturbance of platelet α-granules, which exhibit an increased ATP/ADP ratio and
reduced serotonin content, is a significant abnormality contributing to bleeding problems
in these individuals [18,19]. Additionally, the release of ATP triggered by thrombin, along
with elevated calcium levels and disrupted intracellular calcium flux in response to various
stimuli, has been linked to platelet dysfunction and bleeding. Furthermore, the deregu-
lation of arachidonic acid and disturbed prostaglandin metabolism in platelets of uremic
patients impair the synthesis and/or release of thromboxane A2, which reduces platelet
adhesion and aggregation, leading to a higher risk of bleeding. Moreover, fibrinogen frag-
ments interfere with hemostasis by competitively binding to the glycoprotein (GP) IIb/IIIa
receptors on platelets, decreasing platelet adhesion and aggregation potential. Additionally,
the plasma of uremic patients contains higher levels of vasoactive substances, such as Nitric
Oxide, which can affect platelet aggregation function [18–20].

Additionally, anemia of chronic renal disease plays a crucial role in increasing both
bleeding and thrombotic risk. The erythrocyte lifespan and number decline as CKD
progresses secondary to reduced erythropoietin in diseased kidneys [21]. A cohort study
involving 74 non-smoking individuals with CKD investigated the lifespan of red blood cells
(RBCs) at various stages of the condition [22]. The findings indicated a gradual decrease in
RBC lifespan as CKD progressed. Specifically, the average RBC lifespans for CKD stages
1, 2, 3, 4, and 5 were 122 ± 50, 112 ± 26, 90 ± 32, 88 ± 28, and 60 ± 24 days, respectively.
A notable reduction in RBC lifespan was evident from stage 3 onwards, with the lifespan
at stage 5 being roughly half of that at stage 1. This decline was directly associated with
decreasing hemoglobin levels (r = 0.372, p = 0.002). This reduction in RBCs reduces the
displacement of platelets off the axial flow towards the vessel wall, impairing its function
in hemostasis [22,23].

Dialysis has been shown to improve platelet function and reduce the risk of bleeding,
although it does not eliminate it entirely. The interaction between blood and artificial
surfaces during dialysis may cause chronic platelet activation, leading to platelet exhaustion
and dysfunction. Additionally, research has found that plasma levels of NO inducers, such
as tumor necrosis factor-a and interleukin-lb, increase during the dialysis process [20,24].

4. Balancing the Thrombotic and Bleeding Risks, Navigating
the Challenges

The primary antiplatelet therapies used in patients with ACS are acetylsalicylic acid
and P2Y12 inhibitors [6]. However, there is a lack of evidence regarding the most effective
antiplatelet strategy for individuals with ESRD due to their limited representation or
exclusion from major trials assessing such therapies [8]. As a result, the current knowledge
about antiplatelet therapy in ESRD patients is primarily derived from underpowered
post hoc subgroup analyses or large registries [12]. Moreover, the distinctive biological
characteristics of these patients, which make them susceptible to both thrombosis and
bleeding, further complicate the selection of the optimal antiplatelet therapy strategy [17,18].
According to the current ESC ACS guidelines, patients with ACS are recommended to
receive aspirin in addition to potent P2Y12 inhibitors like ticagrelor and prasugrel [6]. In
the absence of specific data, ESRD patients are typically treated with the same antiplatelet
therapy as those with normal renal function [25].
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4.1. Acetylsalicylic Acid

Aspirin functions by irreversibly inhibiting cyclooxygenase, thereby inhibiting throm-
boxane production. Its elimination mainly occurs through hepatic metabolism, but it is
also excreted unchanged in urine, the extent of which depends on the dosage and urinary
pH [26]. The efficacy of aspirin for patients with chronic kidney disease (CKD), including
end-stage renal disease (ESRD), presenting with ACS, is well established (Table 1). A retro-
spective analysis of a prospective coronary care unit registry involving 1724 patients with
ST-segment elevation myocardial infarction by McCullough et al. [27] has demonstrated
that aspirin reduced in-hospital mortality by 64.3% to 80% across all quartiles of creatinine
clearance (CrCl), including ESRD and dialysis patients. However, it was observed that pa-
tients with ESRD were less likely to receive aspirin compared to those without ESRD (67.0%
vs. 82.4%, p < 0.001). Additionally, patients who did not receive aspirin upon admission had
a higher likelihood of developing heart failure or cardiogenic shock [27–29]. Regarding the
safety of low-dose aspirin in secondary prevention for coronary artery disease, two studies
indicated no increased risk of major bleeding. In the First United Kingdom Heart and Renal
Protection (UK-HARP) trial, an RCT involving 448 CKD patients, chronic hemodialysis or
peritoneal dialysis patients, and previous kidney transplant recipients, no increased risk
of major bleeding (defined as fatal or requiring hospitalization) was observed for CKD
patients taking 100 mg aspirin (relative risk, 0.66; 95% CI, 0.19–2.31). However, there was
a three-fold increase in the risk of minor bleeding (defined as epistaxis, ecchymosis, or
bruising) (RR, 2.8; 95% CI, 1.5–5.3) [30]. Moreover, the Dialysis Outcomes and Practice
Patterns Study (DOPPS), an observational study involving 28,320 patients, demonstrated
no increased risk of gastrointestinal bleeding (RR, 1.01; 95% CI, 0.88–1.17) in individuals
taking 100 mg/d of aspirin compared to those not taking aspirin [29,31].

Table 1. Trials comparing antiplatelet therapy outcomes in CKD populations.

Trial Study Population MACE Outcome (CV
Death/MI/Stroke) Bleeding

McCullough 2002 [27]
1724 STEMI patients (registry);
Aspirin + β-blocker vs. none,

stratified by CrCl

Marked benefit in terms of
mortality. In-hospital MACE
(driven by death) was much

lower with ASA + BB across all
CKD strata. Mortality RR

reduction was ~64–80% in CKD
patients on ASA + BB (vs. no

therapy)

Bleeding not reported (acute
registry; no significant excess

noted in-hospital).

UK-HARP-I 2005 [30]

448 CKD patients (predialysis,
dialysis, transplant—RCT of
aspirin 100 mg vs. placebo

(1 yr))

Not powered for MACE (no
significant difference observed)

Major bleeding: no increase
with aspirin (2% vs. 3%, NS).
Minor bleeding: 3-fold higher

with aspirin (15% vs. 5%,
p < 0.001)

DOPPS 2007 [31]
28,320 hemodialysis patients
(observational; Aspirin vs. no

Aspirin)

No net CV benefit. Aspirin did
not lower composite cardiac

events

No increase in major GI
bleeding noted with aspirin
(no significant hemorrhagic

risk observed)

PLATO 2010 [32] CKD subgroup = CrCl
<60 mL/min (n = 3237)

Significant MACE reduction.
Ticagrelor vs. clopidogrel

lowered 12 month CV
death/MI/stroke in CKD

(17.3% vs. 22.0%; HR 0.77, 95%
CI 0.65–0.90), an absolute risk

reduction of ~4.7%.

Major bleeding: no significant
difference (15.1% vs. 14.3%,

HR 1.07, p = NS) in CKD. No
increase in fatal bleeds; slight,

non-significant ↑ in
non-CABG major bleeds
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Table 1. Cont.

Trial Study Population MACE Outcome (CV
Death/MI/Stroke) Bleeding

TRILOGY-ACS 2012
[26]

Patients with NSTE-ACS
managed medically without

revascularization; CKD
subgroup included

No significant difference in
MACE between prasugrel and

clopidogrel in CKD patients
(13.9% versus 16.0%; p = 0.20)

Bleeding rates similar
between prasugrel and

clopidogrel in CKD subgroup
(TIMI major 2.1% versus 1.5%;

p = 0.27)

Edfors et al., 2018 [33]

45,206 post-MI patients on
DAPT (ticagrelor vs.

clopidogrel), stratified by
eGFR

Lower MACE with ticagrelor in
moderate CKD. One-year
death/MI/stroke rate was

lower for ticagrelor vs.
clopidogrel in eGFR 30–60 (adj.

HR 0.82, 95% CI 0.70–0.97).
In severe CKD (eGFR < 30), no

significant benefit (HR 0.95, 95%
CI 0.69–1.29)

Major bleeding (requiring
hospitalization): no significant
difference in moderate CKD
(HR 1.13, 95% CI 0.84–1.51)

but ↑ trend in severe CKD on
ticagrelor (HR 1.79, 95% CI

1.00–3.21)

Meta-analysis
(2020)—P2Y12 Inhibitors in

CKD [34]

Pooled ACS trial data in CKD
patients (prasugrel or

ticagrelor vs. clopidogrel)

Improved outcomes. Potent
P2Y12 inhibitors associated

with lower MACE (especially
reduced MI and mortality) in

CKD

Bleeding: No significant
increase in major bleeding

with prasugrel or ticagrelor in
CKD (vs. clopidogrel)

Abbreviations: CKD—chronic kidney disease; NSTE-ACS—non–ST-elevation acute coronary syndrome; MACE—
major adverse cardiovascular events; CV—cardiovascular; MI—myocardial infarction; ASA—aspirin; RR—relative
risk; HR—hazard ratio; CI—confidence interval; NS—not significant; RCT—randomized controlled trial.

4.2. Potent P2Y12 Inhibitors vs. Clopidogrel

Clopidogrel and Prasugrel are both P2Y12 receptor inhibitors, serving as prodrugs
that selectively and irreversibly inhibit the P2Y12 receptor [35,36]. The blockade of the
P2Y12 receptor occurs early in the platelet aggregation cascade, a crucial signaling pathway
for platelet activation. Unlike Clopidogrel and Prasugrel, Ticagrelor is not a prodrug and
does not necessitate metabolic conversion to an active form; it acts directly on P2Y12
receptors, and its effects are reversible [37]. Clopidogrel, on the other hand, becomes active
through multiple activation steps by the cytochrome P450 system. As a result, Ticagrelor
and Prasugrel exhibit more pronounced antiplatelet effects compared to Clopidogrel [38].
This superiority over Clopidogrel has been demonstrated in patients with ACS who also
have chronic kidney disease (CKD) [15].

Clopidogrel remains the most frequently utilized P2Y12 inhibitor in patients with
advanced renal disease who are undergoing dialysis [15,39]. However, it has several
drawbacks, including a delayed onset of action, modest and variable platelet inhibition, and
a high level of on-treatment platelet reactivity (HPR) observed in a significant proportion
of patients [40]. Previous research has shown that patients with end-stage renal disease
(ESRD) and those on hemodialysis (HD) therapy display higher platelet reactivity when
treated with clopidogrel compared to individuals with normal kidney function, significantly
reducing its effectiveness in these patients [41,42]. Moreover, a notable percentage of HD
patients demonstrated non-responsiveness (resistance) to clopidogrel in another study [43].
Accumulating evidence has established that high on-treatment platelet reactivity (HPR) is
linked to an increased risk of cardiovascular death and recurrent ischemic events, including
myocardial infarction and stent thrombosis [42–45].

Several dedicated studies have investigated the pharmacodynamics and pharma-
cokinetics of potent oral P2Y12-ADP receptor antagonists in patients with chronic kidney
disease (CKD) and end-stage renal disease (ESRD) (Table 1). Many of these studies involved
comparisons with clopidogrel. Jeong et al. [43] conducted a study using a single-center,
prospective, randomized, crossover design to examine the effects of ticagrelor compared
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to clopidogrel on platelet inhibition in patients undergoing hemodialysis. It was demon-
strated that ticagrelor exhibited a more rapid and substantial platelet inhibition compared to
clopidogrel, effectively overcoming high on-treatment platelet reactivity (HPR) in patients
resistant to clopidogrel and undergoing maintenance hemodialysis [43]. Moreover, the rates
of offset of the antiplatelet effect, as assessed by the inhibition of platelet aggregation IPA (5
and 20 mmol/L of ADP stimuli), were higher for ticagrelor than for clopidogrel in the 1 to
48 h after the last dose. A prospective two-center study by Alexopoulos et al. [46] involving
24 patients on hemodialysis showed that the maintenance dose of ticagrelor effectively
reduced platelet reactivity in hemodialysis patients who had a poor response to clopidogrel.
These patients had received regular hemodialysis for over six months and had ongoing
clopidogrel treatment (75 mg/d). Platelet reactivity assessment was performed, and pa-
tients with ≥235 PRU (platelet reactivity unit) were considered to have high on-treatment
platelet reactivity. Subsequently, these patients were administered ticagrelor alone for
15 days, and platelet reactivity was measured again. The baseline platelet reactivity for
these patients was 310.4 ± 52.9 PRU and decreased significantly to 137.7 ± 77.9 PRU after
ticagrelor treatment (p < 0.001) [46].

The potent P2Y12 inhibitors mentioned earlier demonstrated biological superiority
over clopidogrel, leading to positive clinical outcomes in various trials. For instance, in
the PLATelet inhibition and patient Outcomes (PLATO) trial, a multicenter randomized
double-blind study, ticagrelor, when compared to clopidogrel, resulted in a decrease in the
combined occurrence of cardiovascular death, nonfatal myocardial infarction, or stroke.
However, it was also associated with an increased incidence of bleeding not related to
procedures [32]. In a subset analysis of the PLATO trial, the benefits of ticagrelor were
even more pronounced in patients with all degrees of chronic kidney disease (CKD),
including advanced stages, showing a relative reduction of 23% in the primary ischemic
end point [32].

Furthermore, in the United States Renal Data System registry of Medicare beneficiaries
with ESRD registry data highlighted the effectiveness and safety of clopidogrel, prasug-
rel, and ticagrelor. The study included individuals who received new prescriptions for
P2Y12 inhibitors and were tracked until death or censoring. The primary focus was on
P2Y12 inhibitor assignment as the exposure variable and death as the primary outcome.
Secondary outcomes encompassed cardiovascular (CV) death, coronary revascularization,
and gastrointestinal (GI) hemorrhage. The results demonstrated that prasugrel exhibited
superior efficacy compared to both clopidogrel and ticagrelor, as evidenced by a statistically
significant reduction in mortality risk (adjusted hazard ratio [HR] = 0.82; 95% confidence
interval [CI]: 0.73–0.93 and 0.78; 95% CI: 0.64–0.95, respectively). Furthermore, prasugrel
was associated with a decreased risk of coronary revascularization relative to clopidogrel
(HR = 0.91; 95% CI: 0.86–0.96) [47].

The study conducted by Edfors et al., based on the SWEDEHEART Registry data [33],
aimed to compare the efficacy of ticagrelor and clopidogrel in chronic kidney disease (CKD)
patients undergoing PCI for ACS. The total patient cohort consisted of 45,206 individuals,
with 1735 of them having an estimated glomerular filtration rate (eGFR) less than 30. The
primary outcome measured was a composite of death, myocardial infarction (MI), or stroke,
while the secondary outcome focused on rehospitalization due to bleeding. The unadjusted
1-year event rate for the composite endpoint of death, MI, or stroke in patients with an
eGFR less than 30 was 48.0% for those treated with ticagrelor and 64.0% for those treated
with clopidogrel. After adjustment, ticagrelor was found to be associated with a lower
1-year risk of the composite outcome when compared with clopidogrel for all patients. For
those with an eGFR less than 30, the hazard ratio was 0.95 (95% confidence interval: 0.69
to 1.29), and the p-value for interaction was 0.55. However, it is important to note that
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patients treated with ticagrelor had a higher risk of bleeding compared to those treated with
clopidogrel, and the hazard ratio for the eGFR-less-than-30 group was 1.79 (95% confidence
interval: 1.00 to 3.21)

Interestingly, in medically managed ACS patients with CKD, including those with
severe CKD, prasugrel did not demonstrate any advantages when compared to clopidogrel
combined with aspirin. The TRILOGY ACS trial (Targeted Platelet Inhibition to Clarify
the Optimal Strategy to Medically managed ACS) involved a randomized comparison of
prasugrel and clopidogrel therapy in conjunction with aspirin among medically managed
ACS patients. The main study assessed the primary endpoint, which was a combination of
cardiovascular death, myocardial infarction, and stroke, and found no significant difference
between prasugrel and clopidogrel (13.9% versus 16.0%; p = 0.20). Moreover, the rates
of severe and intracranial bleeding were comparable in both treatment groups (TIMI
major 2.1% versus 1.5%; p = 0.27). A subgroup analysis was conducted, revealing that
patients with moderate or severe CKD faced an elevated risk of both ischemic and bleeding
events. However, when comparing outcomes between prasugrel and clopidogrel in these
subgroups, no discernible differences were observed [26]

A recent meta-analysis [34] investigated the clinical effectiveness and safety of various
antiplatelet therapy regimens that exhibit potent platelet-inhibition activity compared to a
standard dose of clopidogrel-based dual antiplatelet therapy (DAPT) in individuals with
CKD, including those with ESRD undergoing dialysis. The study compared the outcomes
of doubled loading dose (LD) clopidogrel-based DAPT, doubled maintenance dose (MD)
clopidogrel-based DAPT, prasugrel-based DAPT, and ticagrelor-based DAPT. The findings
revealed that antiplatelet therapy regimens with enhanced platelet inhibition beyond the
standard clopidogrel-based DAPT significantly improved clinical outcomes in patients
with ACS and CKD, including ESRD and dialysis patients. These improvements included
reduced all-cause mortality (relative risk [RR] 0.67, p = 0.003), major adverse cardiovascular
events (MACE) (RR 0.79, p < 0.00001), and myocardial infarction (MI) (RR 0.28, p = 0.0007)
without an increase in major bleeding (RR 1.14, p = 0.33). However, a subgroup analysis
demonstrated that the intervention led to a substantial increase in both major and minor
bleeding in patients with severe CKD (eGFR < 30 mL/min) or those on hemodialysis (RR
1.30; 95% CI 1.09, 1.55; p = 0.002).

4.3. The Duration of DAPT After PCI

Determining the optimal duration of DAPT following coronary revascularization
through PCI poses a challenge for clinicians dealing with patients with ESRD. According to
current ESC guidelines, the recommended DAPT duration for ACS patients who received
drug-eluting stents (DES) is typically 12 months [6]. However, ESRD patients are often
excluded from large randomized clinical trials, making it challenging to establish specific
recommendations for this group [8]. Park et al. [48] conducted a population-based trial to
investigate the ischemic and bleeding outcomes of prolonged DAPT in over 5000 dialysis pa-
tients who underwent DES implantation, with most of them having the DES placed after an
ACS episode. The study compared continued DAPT with discontinued DAPT using land-
mark analyses, evaluating outcomes at 12, 15, and 18 months after DES implantation. The
primary outcome measured was major adverse cardiovascular events (MACEs), defined as
a composite of mortality, nonfatal myocardial infarction, coronary revascularization, and
stroke. A longer DAPT duration was associated with a significant reduction in MACEs,
Specifically, continued DAPT reduced the hazard of MACE at 12 months (HR = 0.74, 95%
CI 0.61–0.90; p = 0.003), 15 months (HR = 0.78, 95% CI 0.64–0.96; p = 0.019), and 18 months
(HR = 0.79, 95% CI 0.63–0.99; p = 0.041) after DES implantation. Notably, this reduction
in MACE was achieved without a significant increase in major bleeding at any of these
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time points. The incidence of major bleeding was consistently lower than that of MACE
across all time points. These findings suggest that prolonged DAPT may be beneficial for
dialysis patients who have undergone DES implantation, as it reduces the risk of adverse
cardiovascular events without substantially increasing the risk of major bleeding.

4.4. Alternative Anti-Thrombotic Regimens

Emerging strategies for antithrombotic therapy, specifically monotherapy following
PCI in patients with ACS, aim to address the balance between thrombotic and bleeding
risks. Ticagrelor monotherapy has shown potential to reduce bleeding risk without com-
promising ischemic protection, which may be particularly beneficial for patients with
end-stage renal disease. A recent meta-analysis by Alagna et al. [49], encompassing five
randomized controlled trials with 32,393 patients, indicates that ticagrelor monotherapy
following short-duration dual antiplatelet therapy (DAPT) offers significant advantages
for patients undergoing PCI after ACS. This approach significantly reduced major adverse
cardiovascular and cerebrovascular events (MACCE) by 12% (RR: 0.88; 95% CI: 0.77 to 0.99;
p = 0.04) and major bleeding by 47% (RR: 0.53; 95% CI: 0.37 to 0.77; p = 0.0008) compared
to extended DAPT. Notably, ticagrelor monotherapy also decreased all-cause mortality by
18% (RR: 0.82; 95% CI: 0.67 to 0.99; p = 0.04) and cardiovascular mortality by 32% (RR: 0.68;
95% CI: 0.49 to 0.94; p = 0.02). The incidence of myocardial infarction, stent thrombosis,
and stroke remained comparable between the two strategies. Overall, net adverse clinical
events (NACE) were 27% lower with ticagrelor monotherapy (RR: 0.73; 95% CI: 0.63 to 0.85;
p <0.0001). These findings suggest that de-escalation to ticagrelor monotherapy after a short
course of DAPT effectively mitigates bleeding risk without compromising ischemic protec-
tion in ACS patients undergoing PCI, which can be particularly advantageous for patients
with end-stage renal disease, offering a more balanced approach to antiplatelet therapy.

Cangrelor, an intravenous P2Y12 inhibitor, has shown promising results in patients
with ACS and CKD. In a real-world registry study [50], Cangrelor was predominantly
administered to ACS patients with complex clinical presentations. This observational study
assessed the use of cangrelor in 686 patients with ACS undergoing PCI. The cangrelor
cohort (n = 198) exhibited a higher-risk clinical profile, characterized by a greater prevalence
of left ventricular ejection fraction <30% and cardiogenic shock. Additionally, the cangrelor
group had a higher prevalence of CKD compared to the non-cangrelor group. Initially,
the cangrelor group experienced higher in-hospital mortality (12.1% vs. 4.9%, p = 0.001).
However, following propensity score matching (n = 356), mortality rates were comparable
between the groups. Notably, in the matched population, cangrelor use was associated
with a significant reduction in in-hospital definite stent thrombosis (0% vs. 2.8%, p = 0.030)
without an increase in bleeding risk. The study suggests potential benefits of cangrelor
in high-risk ACS patients, particularly in reducing stent thrombosis. Nonetheless, the
authors caution that due to the study’s observational nature and limited sample size,
these findings should be considered hypothesis-generating and warrant confirmation
through larger randomized trials involving high-risk patients, especially those with chronic
kidney disease.

Low-dose rivaroxaban could potentially offer a future strategy for reducing ischemic
risk without significantly increasing bleeding risk. The ATLAS ACS 2-TIMI 51 study [51]
assessed low-dose rivaroxaban (2.5 mg or 5 mg twice daily) alongside standard antiplatelet
therapy with Aspirin and Clopidogrel in patients who had recently experienced ACS, ex-
cluding those with severe renal impairment. The study found that rivaroxaban significantly
reduced the primary efficacy endpoint compared to placebo, with the 2.5 mg twice-daily
dosage showing a survival benefit. Although these cardiovascular benefits were associ-
ated with an increased risk of major bleeding and intracranial hemorrhage, there was no
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significant rise in fatal bleeding. This indicates that adding very-low-dose rivaroxaban to
standard antiplatelet therapy may enhance cardiovascular outcomes with a manageable
bleeding risk. Further research is necessary to evaluate low-dose rivaroxaban in patients
with ESRD, potentially providing a means to reduce ischemic risk without substantially
increasing bleeding risk.

5. Laboratory Guided Precision Medicine Approaches
Platelet function tests (PFT), such as VerifyNow and platelet reactivity unit (PRU) mea-

surements, have demonstrated potential utility in evaluating the response to antiplatelet
therapy, particularly in high-risk populations, including those with ESRD [52]. In patients
with CKD, including those with ESRD, PFT have indicated increased baseline platelet
activation and a diminished response to dual antiplatelet therapy compared to patients
without renal insufficiency [53]. Individualized antiplatelet therapy approaches, based on
PFT and genetic testing, have been investigated in several randomized trials to optimize
treatment for patients with acute coronary syndrome [54]. These strategies aim to balance
the reduction in ischemic events with the risk of bleeding complications by de-escalating
antiplatelet therapy based on PFT and genetic testing [55].

The TROPICAL-ACS trial involved the randomization of 2610 patients to receive
either standard dual antiplatelet therapy (DAPT) with prasugrel or a de-escalation strategy
guided by platelet function testing (PFT). The primary endpoint was a composite measure
of cardiovascular death, myocardial infarction, stroke, and bleeding at one year. The study
concluded that PFT-guided de-escalation was non-inferior to standard DAPT with respect
to the primary endpoint (7% vs. 9%, p = 0.0004 for non-inferiority; hazard ratio: 0.81, 95%
CI: 0.62–1.06, p = 0.12 for superiority). Although the trial indicated a 15% reduction in the
risk of major bleeding with the guided de-escalation strategy, this reduction did not achieve
statistical significance [56].

The TAILOR-PCI trial was a large-scale randomized clinical study designed to assess
the effectiveness of a genotype-guided approach to antiplatelet therapy in patients with
acute coronary syndrome (ACS) undergoing PCI. A total of 5302 participants were ran-
domly assigned to receive either the standard dual antiplatelet therapy (DAPT) consisting
of aspirin and clopidogrel or a personalized treatment strategy based on CYP2C19 genetic
testing to guide the selection of a P2Y12 inhibitor. The primary outcome measured was
a composite of cardiovascular death, myocardial infarction, stroke, stent thrombosis, and
severe recurrent ischemia within 12 months. The results indicated that the genotype-guided
strategy was not inferior to standard DAPT regarding the primary outcome (4.0% vs. 5.9%,
HR: 0.66, 95% CI: 0.43–1.02, p = 0.06). Although the data suggested a potential advantage
for the genotype-guided method, the difference did not achieve statistical significance.
Furthermore, the incidence of major and minor bleeding events was similar across both
treatment groups [57].

While these personalized approaches offer insights into patients’ responses to an-
tiplatelet medications, their clinical benefits may not yet fully achieve the anticipated
advantages over uniform de-escalation strategies. The unexpected results indicate that
laboratory-guided precision medicine approaches in this context may require further re-
finement. Additional research is necessary to optimize these individualized strategies and
determine their most effective implementation in clinical practice, particularly for high-risk
patients such as those with ESRD [54].

6. Conclusions
While advancements have been made in the management of ACS, there are unique

challenges when it comes to treating ACS patients with ESRD. The use of potent P2Y12
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inhibitors has shown promise in reducing ischemic risk but comes with an increased
bleeding risk. Alternative regimens like ticagrelor monotherapy after short-term DAPT
may offer a more balanced approach. The optimal duration of DAPT remains controversial,
highlighting the need for individualized strategies. Laboratory-guided precision medicine
approaches show potential but require further refinement. Future research should focus on
optimizing individualized treatment strategies, exploring novel therapies, and increasing
the inclusion of ESRD patients in clinical trials to establish evidence-based guidelines for
this high-risk population.
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