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Antiplatelet Therapy in the Management
of Cardiovascular Disease in Patients
with CKD: What Is the Evidence?
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Summary
Antiplatelet agents (APAs) are proven to reduce risk of major cardiovascular events in patients with cardiovascular
disease and normal kidney function. With recent post hoc analyses of large trials questioning the safety and
efficacy of APAs in CKD, major gaps exist in our understanding of platelet aggregability and the effects of APAs on
thrombosis and bleeding in CKD. Clinical practice guidelines are ambiguous about use of such agents in CKD
patients, because patients with moderate to advanced CKD were systematically excluded from clinical trials of
APAs. CKD patients experience excessive rates of cardiovascular thrombotic events, yet paradoxically are at
higher risk for major bleeding while receiving APAs. Furthermore, observational studies suggest that CKD patients
may exhibit poor response to APAs. High residual platelet aggregability, as determined by inhibition of platelet
aggregation, is associated with increased risk for cardiovascular events. In addition, metabolism of certain APAs
may be altered in CKD patients. It is, therefore, imperative to explore the mechanisms responsible for poor
response to APAs in CKD patients in order to use these drugs more safely and effectively. This review identifies the
knowledge gaps and future trials needed to address those issues with the use of APAs in CKD patients.
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Introduction
CKD affects 10%–16% of adults worldwide. Compared
with the general population, individuals with CKD are
at increased risk of cardiovascular events and death
from such events (1). Furthermore, in-hospital mortality after acute myocardial infarction (MI) and other related adverse events increase with worsening kidney
function (1). CKD patients experience higher rates of
coronary in-stent thrombosis (2) and, paradoxically,
more major bleeding events on antiplatelet therapy,
resulting in four-fold higher mortality at 1 year compared with patients with normal kidney function (3).
Increased oxidative stress (4), inﬂammation (4), and
platelet dysfunction (5), as well as altered pharmacodynamic properties of antiplatelet agents (6) and accelerated plaque progression and rupture (7) are
proposed mechanisms for the observed increase in
the composite outcome of stroke, MI, fatal coronary
heart disease, and death in CKD patients, which is double the risk from diabetes mellitus alone (8).
Antiplatelet agents (APAs) are proven to reduce
major cardiovascular events in patients with coronary
artery disease (CAD). However, limited data exist
regarding APA use in CKD patients, because they
were systematically excluded from large randomized
trials. Aggressive risk factor modiﬁcations are often
delayed and CKD patients are less likely to receive
cardioprotective medications and early cardiovascular
interventions due to concerns regarding safety (9,10).
This review summarizes current guidelines and evidence for APA use in CKD patients and discusses
www.cjasn.org Vol 8 April, 2013

gaps and limitations in our current understanding
given the lack of adequately powered randomized controlled trials (RCTs).

Platelet Dysfunction in CKD
Kidney failure may cause two opposite hemostatic
complications: a bleeding diathesis (11) and a thrombotic
predisposition (3). It is thought that platelet-platelet
and platelet-vessel wall interactions are abnormal in
CKD patients (5). Platelet defects range from diminished responsiveness to platelet agonists like ADP, abnormal platelet adherence to foreign surfaces, reduced
platelet procoagulant activity, decreased thromboxane
and cyclic AMP (cAMP) production, and decreased
platelet membrane glycoprotein Ib (GPIb) expression
(5). Most of these ﬁndings were observed in dialysis
patients and are based on older methods of measuring
platelet function. It is postulated that urea, other nitrogenous compounds, phenols, middle molecules, and ﬁbrinogen fragments decrease platelet aggregability by
causing conﬁgurational changes in GPIIb/IIIa receptors on the platelet plasma membrane (12,13). Endothelial dysfunction in CKD patients with resultant
abnormal prostacyclin and thromboxane production
may reduce aspirin’s ability to inhibit cycloxygenase-1
(COX-1) (5,14).
vWf, a large multimeric glycoprotein secreted from
endothelium, plays an important role in hemostasis
by facilitating platelet adhesion and aggregation. vWf
antigen levels, as a result of endothelial cell activation,
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are elevated in CKD patients (4,14). It is not yet clear whether
elevations in vWf antigen levels are causal for increased
thrombosis or mirror endothelial dysfunction in CKD. However, studies associating increased antigen levels to cardiovascular events are fraught with small sample sizes, as well
as heterogeneous populations or methodologies that limit
their interpretation (15). It is believed that although vWf
antigen levels may be high, vWf activity may be impaired
in CKD due to decreased renal clearance of middle molecules that interfere with vWf binding to platelets. Furthermore, desmopressin (1-desamino-D-arginine vasopressin),
which is commonly used to reduce bleeding risk in uremic
patients, is known to induce release of coagulator factor VIII,
vWf, and tissue plasminogen activator possibly via extrarenal
V2 receptors (16). Although desmopressin is used to shorten
or normalize bleeding time temporarily in uremic patients,
vWf levels are already increased in these patients with CKD.
Hence, there remains poor understanding of these mechanisms (17). Figure 1 shows platelet activation and aggregation in normal individuals and various steps where platelet
dysfunction occurs in CKD.

Available APAs
Table 1 lists different antiplatelet agents, their mechanism of action, and response to various agonists (collagen,
AA, and ADP) used in platelet function testing. Figure 1
also illustrates different sites of actions of individual
APAs. Aspirin is the most commonly used APA in CKD
patients. It inhibits COX-1 and decreases platelet thromboxane production. The antiplatelet effect of dipyridamole
is mediated via phosphodiesterase inhibition (PDEI) and
depends on stimulation of platelet cAMP by circulating
prostacyclin (18). Dipyridamole is a weak antiplatelet
agent and its effects are potentiated by concomitant use
of low-dose aspirin. Compared with low-dose aspirin (75–
100 mg/d), which selectively inhibits platelet COX-1 and
potentiates the antiplatelet effect of dipyridamole, highdose aspirin (.1000 mg/d) prevents prostacyclin formation, nullifying the effects of dipyridamole (19). Thus, the
antiplatelet effect of an aspirin/dipyridamole combination
depends critically on doses used (19).
Cilostazol is a newer PDEI that inhibits platelet aggregation induced by collagen, ADP, and AA and improves
endothelial cell function (20). Cilostazol is a potent APA. It
may be especially pertinent in CKD patients, in whom
endothelial cell dysfunction results in malfunction of the
antithrombogenic activity of the vascular endothelium. Although platelets are not usually activated while circulating
through normal endothelium, they are when endothelial
cells are activated by oxidative stress.
Clopidogrel, a P2Y12 receptor inhibitor, is a prodrug and
inhibits the P2Y12 receptor selectively and irreversibly,
utilizing the reactive thiol group of its active metabolite
and forming a disulﬁde bridge between $1 cysteine residues
of the P2Y12 receptor with resultant irreversible blockade
(21). Activation of the P2Y12 receptor, a G protein–coupled
purinergic receptor that binds ADP, leads to activation of
the GPIIb/IIIa receptor, granule release, ampliﬁcation of
platelet aggregation, and stabilization of the platelet aggregate. P2Y12 receptor blockade acts early in the cascade of
platelet aggregation and prevents platelet degranulation and

inhibits activation of GPIIb/IIIa receptor blocking ﬁbrinogen binding and platelet cross-linking. Prasugrel and
ticagrelor are the newest additions to this group (22,23).
Unlike clopidogrel and prasugrel, ticagrelor is not a prodrug
and does not require metabolism to an active metabolite
(24). Ticagrelor induces hyperuricemia and should be used
with caution in patients with gout (24). Maintenance aspirin
doses .100 mg/d reduce the efﬁcacy of ticagrelor and are
not recommended (24).

Safety and Efficacy of Antiplatelet Therapy in CKD
Safety
CKD patients are not only at increased risk for bleeding complications, but also paradoxically at increased risk
of thrombosis due to the underlying complex hemostatic
disorder seen with progressive kidney failure. In addition,
increased risk of drug-drug interactions with dual antiplatelet
therapy, changes in renal and nonrenal drug clearance, and
underlying qualitative platelet defects with altered reactivity
and aggregability from uremia may be other factors that increase risk in CKD patients.
To examine concerns regarding safety of low-dose
aspirin in secondary prevention of future cardiovascular
events in CKD patients, two studies reported no increased
risk of major bleeding. The First United Kingdom Heart
and Renal Protection (UK-HARP) trial, a RCT of 242
predialysis CKD patients, 73 chronic hemodialysis or
peritoneal dialysis patients, and 133 previous kidney transplant recipients compared 100 mg/d versus no aspirin in
secondary prevention of cardiovascular events without
undue toxicity. There was no increased risk of major
bleeding, deﬁned as fatal or requiring hospitalization (relative risk [RR], 0.66; 95% conﬁdence interval [95 CI%],
0.19–2.31) on 100 mg/d aspirin in CKD patients, however,
there was a three-fold increase in risk of minor bleeding,
deﬁned as epistaxis, ecchymosis, or bruising (RR, 2.8; 95%
CI, 1.5–5.3) (25). Subsequently, the Dialysis Outcomes and
Practice Patterns Study (DOPPS) showed no increased risk
of gastrointestinal bleeding (RR, 1.01; 95% CI, 0.88–1.17) in
those who were taking 100 mg/d of aspirin versus no aspirin (26). Studies that have addressed the safety and efﬁcacy of aspirin in patients with CKD stages 3–5 are shown
in Table 2 (25–28).
The majority of safety data for clopidogrel comes from
post hoc analyses of RCTs comparing clopidogrel versus
placebo for secondary prevention of future cardiovascular events. Post hoc analysis of the Clopidogrel for High
Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance (CHARISMA) trial was performed on a subgroup of 2009 patients with diabetic
nephropathy (deﬁned as patients with a random spot
urine albumin/creatinine ratio .30 mg/g of creatinine
with no data on serum creatinine concentration available).
The authors reported that clopidogrel increased cardiovascular and overall mortality compared with placebo (29).
The Clopidogrel in Unstable Angina to Prevent Recurrent
Events (CURE) trial evaluated patients with acute coronary syndrome (ACS), excluding ST segment elevation
MI and ESRD patients (30). A subgroup analysis of patients with an estimated GFR ,60 ml/min per 1.73 m2
(calculated by the Modiﬁed Diet in Renal Disease study
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Figure 1. | Steps in platelet activation and aggregation, and sites of action of APAs. (1) Resting platelet (discoid in shape) with GPIb (vWf
receptor), GPIIb/IIIa (fibrinogen receptor), thrombin receptor, ADP receptor (P2Y12), and thromboxane receptor. (2) A stimulus such as endothelial injury causes thrombin release and vWf interaction with GPIb. Resting platelets change their shape from discoid to spherical.
Thrombin binds to its receptor, resulting in increase of COX-1 activity, thromboxane, and ADP release from platelet granules. (3) ADP and
thromboxane bind to their receptors and increase intracellular calcium (Ca2+) and cAMP. Intracellular cAMP levels are maintained by
phosphodiesterase enzyme (PDE). (4) Platelets are activated and GPIIb/IIIa undergoes a conformational change to allow fibrinogen binding. (5)
Platelet aggregation occurs with cross-linking of platelet along with fibrinogen. Uremia alters all of these steps in that it reduces expression
of GPIb, limits intracellular calcium and cAMP increase, and hinders GPIIb/IIIa activation. Sites of action of aspirin, clopidogrel, prasugrel,
ticagrelor, dipyridamole, and cilostazol are also shown.
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Table 1. Antiplatelet agents, mechanism of action and response to agonists used in platelet function testing (19,64–67)

Drug (Type)

Action

Aspirin (NSAIDs)

Inhibits
COX-1

Clopidogrel
(Thienopyridine)

Inhibits
P2Y12
receptor

Prasugrel
(Thienopyridine)

Inhibits
P2Y12
receptor
Inhibits
P2Y12
receptor
Increases
platelet
cAMP

Ticagrelor (ATP
analog)
Dipyridamole
(PDE inhibitor)
Cilostazol (PDE
inhibitor)

Increases
platelet
cAMP

Mean Platelet
Inhibition (Time
Required)

Response to
Collagen/AA

,30 min

Response
to ADP

Inhibits

None

,1 h with loading
dose of 300 mg;
2–3 d for daily
dose of 75 mg
2–4 h

No

Inhibits

No

Inhibits

2–4 h

No

Inhibits

Variable

Variable

Variable

Inhibits

Inhibits in
whole blood
not in plateletrich plasma
Inhibits

Dosing in CKD
and ESRD (68)
Use with caution
eGFR ,10 ml/min
per 1.73 m2
No dose adjustment
required
No dose adjustment
required; no data in
ESRD available
No dose adjustment
required; no data in
ESRD available
No dose adjustment
required
No dose adjustment
required; caution
advised for creatinine
clearance ,25 ml/
min

NSAIDs, nonsteroidal anti-inﬂammatory agents; COX-1, cycloxygenase-1; eGFR, estimated GFR; PDE, phosphodiesterase; cAMP,
cyclic AMP.

Table 2. Safety and efficacy of aspirin in CKD

Study

Study Type

Participants

UK-HARP (25)

RCT

Predialysis CKD;
chronic dialysis;
renal transplant

DOPPS (26)

Nested case
control
study of
DOPPS 1–2
Retrospective
analysis

Randomly selected
chronic HD
patients

Sciahbasi
et al. (27)
Palmer
et al. (28)

Meta-analysis

Patients admitted to
community
hospital with ACS
9 trials on ACS/PCI;
31 trials on stable or
no CAD

N
448

28,320

595

21,670

Efﬁcacy
Not analyzed in this
study
No beneﬁt on all-cause
mortality; reduced
risk of MI and stroke
Patients on chronic lowdose aspirin and statin
are less likely to get
admitted with STEMI
Little or no effect on
all-cause mortality;
uncertain effects on
cardiovascular
mortality

Safety
No evidence of major
bleeding; 3-fold
risk
of minor bleeding
No increase in GI
bleeds
Not analyzed

Increase in major and
minor bleeding;
uncertain risk of
hemorrhagic stroke

UK-HARP, First United Kingdom Heart and Renal Protection study; RCT, randomized controlled trial; DOPPS, Dialysis Outcomes and
Practice Patterns Study; HD, hemodialysis; MI, myocardial infarction; ; GI, gastrointestinal; ACS, acute coronary syndrome; STEMI, ST
elevation myocardial infarction; PCI, percutaneous coronary intervention; CAD, coronary artery disease.

equation) showed no beneﬁt with respect to reduction of
all-cause mortality (RR, 0.95; 95% CI, 0.78–1.16) or cardiovascular death (RR, 0.95; 95% CI, 0.77–1.17) with addition
of clopidogrel to standard therapy for secondary prevention
of ACS. Risk of major and minor bleeding was increased in

CKD patients taking clopidogrel (RR, 1.37; 95% CI, 0.89–
2.12; and RR, 1.50; 95% CI, 1.21–1.86, respectively).
A recent meta-analysis by Palmer et al. evaluated safety
of aspirin and clopidogrel in nine trials (all post hoc subgroup analyses for CKD) involving 9969 patients with
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ACS undergoing percutaneous coronary intervention
(PCI) and 31 trials involving 11,701 patients with stable
or no cardiovascular disease (28). They concluded that although the evidence was low quality, there was an increase in major and minor bleeding episodes with APA
use in CKD patients (RR, 1.40; 95% CI, 1.07–1.86; RR,
1.47; 95% CI, 1.25–1.72, respectively). Although the relative risk of hemorrhagic stroke was increased, it was not
statistically signiﬁcant. Therefore, although individual
studies reported no increased risk of major bleeding, Palmer’s meta-analysis does report increased risk of bleeding
with aspirin in secondary prevention.
In conclusion, low-dose aspirin monotherapy should be
used cautiously for secondary prevention of future cardiovascular events in CKD patients. Furthermore, there is a
lack of data for low-dose aspirin use in primary prevention.
Clopidogrel is more commonly used as dual APA therapy
with aspirin in secondary prevention and monotherapy for
primary prevention in those allergic to aspirin. Initial data
from the two post hoc analyses above raise serious safety
concerns with the use of dual APA therapy (aspirin and
clopidogrel) in CKD patients.
Evidence for Efficacy
The efﬁcacy of aspirin in CKD patients presenting with
ACS is well established (31). However, data on reduction
of overall mortality in CKD patients are limited. In a
cross-sectional analysis of the DOPPS cohort (26), beneﬁt
of aspirin versus no aspirin on cardiovascular morbidity
and mortality was evaluated in chronic hemodialysis patients. Although there was no effect on all-cause mortality, there was a reduction in MI risk (RR, 1.21; 95% CI,
1.06–1.38) and stroke (RR, 0.82; 95% CI, 0.69–0.98). In a
retrospective analysis of consecutive patients admitted to a
community hospital for ACS, 404 patients had normal kidney function and 191 had CKD deﬁned as eGFR #60 ml/
min per 1.73 m2 on admission (27). Prior aspirin or statin use
was associated with reduced odds of admission with ST
elevation MI in all patients and those with CKD stages 3–5
(RR, 0.5; 95% CI, 0.2–1.0) as shown in Table 2.
There is controversy regarding the efﬁcacy of clopidogrel
in CKD patients. A post hoc analysis of a subgroup of 331
patients with creatinine clearances ,60 ml/min in the Clopidogrel for the Reduction of Events During Observation
(CREDO) trial showed that clopidogrel versus placebo did
not decrease the composite outcome of death, MI, and stroke
in CKD patients compared with those with normal kidney
function (32).Unfortunately, the trial excluded patients
with a serum creatinine concentration .3 mg/dl. Furthermore, there are limited data regarding pharmacodynamics,
duration of therapy, added beneﬁt of higher loading, and
maintenance dose of clopidogrel in CKD patients.
Newer APAs have been approved by the US Food and
Drug Administration (FDA). The Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet
Inhibition with Prasugrel–Thrombolysis in Myocardial Infarction (TRITON-TIMI) showed prasugrel to be more efﬁcacious than clopidogrel in those with reduced creatinine
clearance (20% risk reduction in patients with creatinine
clearance $60 ml/min and 14% risk reduction in patients
with creatinine clearance ,60 ml/min) (22). In fact, a subanalysis of TRITON-TIMI showed that the reduction in
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risk of coronary stent thrombosis with prasugrel was independent of creatinine clearance (33–34). Furthermore,
the greatest absolute beneﬁt was observed in those patient
groups that were at highest risk for coronary in-stent
thrombosis. These included patients with CKD, diabetes
mellitus, longer stents, and stents located at bifurcation points. The Platelet Inhibition and Patient Outcomes (PLATO) trial showed that ticagrelor was superior
to clopidogrel in all patients irrespective of their creatinine
clearance, with relative risk of cardiovascular events for
patients with creatinine clearance $60 ml/min and ,60
ml/min reported as 0.90 (95% CI, 0.79–1.02) and 0.77
(95% CI, 0.65–0.90), respectively (23), as shown in Table
3. Newer agents provide clinicians more drug options to
choose from when deciding the right APA for prevention
of future cardiovascular events. However, data on these
drugs are not currently available beyond 12 months of follow-up.
For secondary prevention of stroke (especially an ischemic stroke while taking aspirin), there is no evidence that
increasing aspirin dose provides additional beneﬁt in
patients with CKD (35). Although alternative antiplatelet
agents are often considered for noncardioembolic patients,
no single agent or combination has been studied in patients that have had an event while receiving aspirin.
There are multiple factors that inﬂuence thrombosis in
vivo, and it may be naive to expect a drug that inﬂuences
one parameter to work in all patients. A combination of
drugs that affect the multifactorial pathogenesis of arterial
thrombosis, such as aspirin-clopidogrel (36), clopidogrelcilostazol (37), aspirin-dipyridamole (38), is more efﬁcacious
than monotherapy alone. However, there are insufﬁcient
data available to make evidence-based recommendations
about choices between antiplatelet options other than aspirin
for secondary stroke prevention in CKD patients (35).
The meta-analysis by Palmer et al. reported that although
evidence was of low quality, APA had no effect on all-cause
mortality (RR, 0.87; 95% CI, 0.61–1.24) and cardiovascular
mortality (RR, 0.91; 95% CI, 0.60–1.36), but did reduce
events rates for MI (RR, 0.66; 95% CI, 0.51–0.87) (28). There
was a reduction in the relative risk for stroke but this was
not statistically signiﬁcant (RR, 0.66; 95% CI, 0.16–2.78).
Overall, aspirin is beneﬁcial in reducing mortality in CKD
patients presenting with ACS. However, data are limited to
determine the efﬁcacy of aspirin in primary or secondary
prevention of future cardiovascular events in CKD patients
with stable CAD. The efﬁcacy of clopidogrel may be limited
in CKD patients given current data. However, there are data
to support no added beneﬁt of dual APAs (aspirin and
clopidogrel) in secondary prevention. Prasugrel and ticagrelor
are new APAs and appear superior to clopidogrel in CKD
patients on the basis on the RCTs published recently. However, data on long-term safety and efﬁcacy of these agents
are not currently available.

Potential Mechanisms for Reduced Efficacy of APAs
in CKD Patients
There are several potential mechanisms that may explain why some CKD patients have poor response to
APAs. Residual platelet aggregability, cytochrome P450
monoxygenase system (CYP) polymorphisms, altered
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Table 3. Safety and efficacy of P2Y12 receptor antagonists in CKD

Study
CURE (30)
CREDO (32)

CHARISMA (29)

TRITONTIMI (22)
PLATO (23)

Palmer et al. (28)

Intervention

Participants

Clopidogrel
versus
placebo
Clopidogrel
versus
placebo for
1 yr (post hoc
analysis)
Clopidogrel
versus
placebo for
28 mo (post
hoc analysis)
Prasugrel
versus
clopidogrel
Ticagrelor
versus
clopidogrel

ACS patients (no
STEMI)

Anti-platelet
agents

N
(CKD)
3262

Efﬁcacy
No reduction in death
and cardiovascular
death
No difference in death,
MI, or stroke between
clopidogrel and
placebo arm

Safety
Increased risk of
minor bleeding
No difference in
bleeding based
on CKD

Elective PCI
patients

331

Elective PCI
patients

2009

Increased all-cause and
cardiovascular
mortality

No difference in
bleeding

ACS patients
with scheduled
PCI
ACS patients

1490

Reduced ischemic
events (no effect on
mortality)
Fewer ischemic end
points and less
mortality

Increased risk of
major bleeding

ACS/PCI or
cardiovascular
disease
patients

3237

21,670

Little or no effect on allcause mortality;
uncertain effects on
cardiovascular
mortality

No signiﬁcant
increase in major
bleeding; more
nonprocedurerelated bleeding
Increase in major and
minor bleeding;
uncertain risk of
hemorrhagic stroke

CURE, Clopidogrel in Unstable Angina to Prevent Recurrent Events; ACS, acute coronary syndrome; STEMI, ST segment elevation
myocardial infarction; CREDO, Clopidogrel for the Reduction of Events During Observation; PCI, percutaneous coronary intervention;
MI, myocardial infarction; CHARISMA, Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and
Avoidance; TRITON-TIMI, Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel–
Thrombolysis in Myocardial Infarction); PLATO, Platelet Inhibition and Patient Outcomes.

nonrenal drug metabolism from uremia, and increased vWf
antigen and impaired vWf activity are the most important
mechanistic pathways that require further discussion.
Residual platelet aggregability is deﬁned as poor inhibition
of platelet aggregation in response to various agonists (AA,
collagen, and ADP) used in analyzing platelet function.
Several observational studies in non-CKD patients indicate
that residual platelet aggregability while receiving treatment
with APAs is associated with an increase in adverse cardiovascular outcomes (39–41). Although marked variability
exists in the platelet-inhibitory effects of aspirin (42) and
clopidogrel (43) in asymptomatic individuals and those
with overt CAD, high residual platelet aggregability while
taking aspirin and clopidogrel predicts risk for cardiovascular death, nonfatal MI, recurrent ischemic events, and coronary in-stent thrombosis. Consequently, targeting high
residual platelet aggregability as a novel modiﬁable cardiovascular risk factor is an emerging strategy that utilizes
more potent and targeted APAs in an attempt to improve
cardiovascular outcomes.
This observation was recently extended to the CKD
population. In a cross-sectional analysis of 306 diabetic
patients with CAD, platelet aggregation with ADP and
collagen was assessed in light transmittance aggregometry
(using platelet-rich plasma). Markers of platelet activation (Pselectin expression and GPIIb/IIIa activation) were assessed

by ﬂow cytometry in patients stratiﬁed by CKD stages (44).
The authors noted higher residual platelet aggregability in
patients with CKD versus those with normal kidney function on dual APA therapy (aspirin and clopidogrel). This
ﬁnding was shown in another retrospective analysis of
1567 patients with CKD stages 3–5 with symptomatic
CAD who underwent PCI compared with non-CKD controls. Higher residual platelet aggregability while taking
clopidogrel was associated with higher cardiovascular
events within 1 year of PCI. Furthermore, a higher proportion of patients with CKD stages 3–5 exhibited higher residual platelet aggregability while taking clopidogrel (45)
compared with those with normal kidney function. This
ﬁnding is important because higher residual platelet aggregability in CKD patients is associated with worse outcomes
after PCI (46).
To evaluate whether residual platelet aggregability in CKD
patients is modiﬁable, a controlled study was conducted in
74 chronic hemodialysis patients versus 50 non-CKD controls
undergoing PCI to compare effects of standard therapy (75
mg of clopidogrel daily), higher-dose therapy (150 mg of
clopidogrel daily), and dual therapy (75 mg of clopidogrel
daily and 100 mg of cilostazol twice daily) (37). This study
showed that compared with non-CKD patients, CKD patients have higher residual platelet aggregability, with no
added beneﬁt of increased clopidogrel dose on platelet
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inhibition; however, there was improvement in residual
platelet aggregability with the addition of cilostazol.
In analyzing other potential mechanisms accounting
for poor efﬁcacy of APAs in CKD patients, it is pertinent
to understand the complex metabolism of clopidogrel
that may be altered in uremia (46). It is ﬁrst metabolized
to 2-oxo-clopidogrel by cytochrome monoxygenase system enzymes CYP1A2, CYP2B6, and CYP2C19 (47). The
2-oxo-clopidogrel is then hydrolyzed to its active metabolite by CYP2B6, CYP2C9, CYP2C19, and CYP3A4. This
has potential pharmacokinetic importance for two reasons.
First, CYP2C19 plays an important role in both steps, and
several common polymorphisms were identiﬁed that either
increase or reduce its activity. Polymorphisms that reduce
activity can occur in up to 30% of patients and vary depending on race. In one study, carriers of one reduced function
CYP2C19 allele had a 32.4% reduced exposure to the active
clopidogrel metabolite and a 53% increase in risk of the
combined endpoint of death, MI, or stroke (48). Risk of coronary in-stent thrombosis was increased three-fold in carriers of the reduced function allele. Second, CYP3A4 plays an
important role in the formation of the active metabolite and
its activity can be either increased or decreased by a variety
of drugs, creating the potential for drug-drug interactions.
Poor clopidogrel responsiveness in CKD patients was
shown using ADP-induced platelet aggregation (45). As
GFR declined, there was a progressive increase in the percentage of patients that were poor responders from 20% in
patients with CKD stage 2 to 38% in those with CKD
stages 4 and 5 (P value for trend ,0.001). This may result
from the effects of uremia on nonrenal metabolism and
clearance of clopidogrel. In clinical practice, medication dosages are commonly adjusted for renally excreted drugs.
However, the potential pharmacokinetic effects of uremia
on drug transport and nonrenal metabolism must also be
considered (49). For example, uremia reduces expression
and activity of a variety of CYP450s, including CYP2C19
and CYP3A4, that are involved in clopidogrel metabolism
(50). In addition, kidney failure reduces expression of the
organic anion transporter responsible for drug transport
into enterocytes and hepatocytes (50). However, the exact
mechanism of downregulation of such transporters is not
known.
Recently, vWf antigen and activity levels were shown
to be associated with cardiovascular events. Elevated vWf
antigen levels in CKD can possibly explain high cardiovascular thrombotic events (15). However, it is postulated
that impaired vWf activity (due to decreased expression of
GPIb on platelet surface in CKD) may explain the increased bleeding tendency of patients with kidney disease
(5). Future research is needed as newer APAs are discovered and this pathway is explored.
Current Recommendations
The National Kidney Foundation (NKF) task force has
evaluated strategies for preventing and treating cardiovascular diseases in patients with CKD (51). Unfortunately,
these recommendations have not been updated recently.
With limited evidence to support the efﬁcacy of aspirin in
patients with CKD, the NKF recommendation for the
usual aspirin dose in patients with CKD and CAD was
based on extrapolation of the beneﬁts of aspirin in the
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general population in patients with pre-existing cardiovascular disease (51). Furthermore, the 2009 Kidney Disease
Improving Global Outcomes practice guidelines for secondary prevention of cardiovascular events in kidney
transplant recipients with diabetes or cardiovascular disease suggest use of low-dose aspirin based on very poor
quality of evidence (52). The American Heart Association
(AHA) Task Force and American College of Cardiology
(ACC) and US Preventive Task Force make no speciﬁc
recommendations for APA use in CKD patients, because
they acknowledge the lack of sufﬁcient data (53,54). A recent study reported that .75% of published CAD trials
have excluded CKD patients (55). Evidence is “level C”
at best (35,56–58).This is especially concerning given that
APAs are the third most commonly prescribed medications that lead to adverse drug events and hospitalizations
(55).
The AHA/ACC guidelines encourage the performance
of appropriately designed clinical trials to identify the
optimal clopidogrel loading dose, realizing that there is
considerable interpatient variability in clopidogrel response,
with a wide range of inhibition of platelet aggregation after a
given dose. However, techniques for monitoring for poor
clopidogrel response and the appropriate dosing strategy
when this is detected remain to be established. The AHA
does not mandate routine platelet function testing to guide
APA therapy because it is expensive and not routinely
covered by insurance. However, it endorses platelet function
testing for those coronary interventions that are high risk,
such as in CKD patients, in order to maximize efﬁcacy and
safety of APAs. Because there is a lack of controlled studies to
prove that routine platelet function testing will improve hard
clinical outcomes, no speciﬁc recommendations can currently
be made.
Overall, selection of an APA should be individualized on
the basis of patient risk factor proﬁles, tolerance, and other
clinical characteristics. Because CKD patients are at higher
risk for not only thrombotic but also bleeding events, there
is an urgent need for future trials to guide APA therapy in
CKD patients.
Current Limitations
A major limitation of our current understanding and
interpretation of the available evidence results from the
heterogeneity of studies that were not powered to adequately
address APA safety and efﬁcacy in CKD patients. In addition,
the majority of concerns raised result from subgroup or post
hoc analyses. Furthermore, if APA therapy is efﬁcacious in
some CKD patients but not others, then how to identify such
subgroups is an important question that remains to be answered. Clinicians also face the dilemma of choosing the correct type, dose duration, and combination of APAs in order
to minimize side effects while maximizing cardiovascular
and survival beneﬁts. Major gaps exist in our knowledge
of the pharmacodynamics of platelet aggregation and inhibition by APAs in the CKD population. Moreover, studies
lacked data on proven adherence to APA medications,
were underpowered, and used nonstandardized cutoffs to
measure residual platelet aggregability, limiting the interpretation of these results (59,60). Finally, many studies did not
control for sex, body mass index, and diabetes mellitus, factors that are known to affect platelet aggregability (61–63).
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Another major limitation of previous studies exploring
platelet aggregability in patients with CKD is the large
methodological heterogeneity in assessing platelet function. There are numerous in vitro or ex vivo laboratory assays available for platelet functional assessment, but
whole blood platelet aggregation (WBPA) measured by
ex vivo impedance aggregometry via Chrono-log or
Multi-plate aggregometers appear to be better tests for
assessing platelet function compared with the traditional
light transmittance method using platelet-rich plasma.
WBPA to assess platelet function appears superior to light
transmittance aggregation using platelet-rich plasma.
WBPA is more sensitive and faster, evaluates platelets
in a near physiologic milieu in the presence of red blood
cells and white blood cells that are known to affect platelet
function, and does not require centrifugation that results
in platelet injury (64).
In an effort to improve cardiovascular outcomes for CKD
patients, clinicians face uncertainty in how to best use
APAs. As nephrologists, we face the conundrum of having
to balance bleeding risk in patients with advanced CKD
and the need for antiplatelet drugs in order to reduce the
burden of thrombotic cardiovascular events in this highrisk population. High residual platelet reactivity on APAs
is a novel modiﬁable risk factor predicting future cardiovascular events in patients with CAD. Limited data exist
regarding platelet aggregability in predialysis CKD patients to guide current clinical practice. The ACC/AHA
recommends conducting RCTs for testing the hypothesis
that routine platelet function testing should be used to
tailor APAs with special focus on high-risk patients such as
those with CKD. Large prospective randomized trials with
homogenous CKD populations are required to determine
the signiﬁcance of elevated levels of platelet (P-selectin,
platelet factor-4, and vasodilator-stimulated phosphoprotein) and endothelial (vWf antigen and activity, E-selectin)
markers in predicting hard clinical outcomes. With recent
trials exploring newer APAs, there is uncertainty among
clinicians in how to use generic drugs like aspirin and
clopidogrel versus newer expensive drugs with unknown
long-term safety proﬁles and higher costs.
That being said, our approach is based on the following
principles until further evidence is available to guide
management in CKD patients. First, low-dose aspirin
monotherapy should be used for primary and secondary
prevention. Caution is advised with respect to higher
aspirin doses given limited data on added beneﬁts and
concern for increased adverse events. Second, dual therapy
with aspirin and clopidogrel should be considered for
secondary prevention in patients undergoing PCIs and
other high-risk events. The optimal duration of dual
therapy is unclear even in those without CKD. To date,
there is no added beneﬁt of administering higher loading or
maintenance doses of clopidogrel. Third, platelet function
testing should be considered in those patients that experience thrombotic events despite dual therapy to guide
treatment. Newer agents should be contemplated in patients
who demonstrate higher residual platelet aggregability on
standard treatment. However, there remains an urgent need
for more studies to assess the platelet and endothelial
functional proﬁle, pharmacodynamics and pharmacokinetics
of APAs, and long-term safety and efﬁcacy of such therapies

in CKD in an attempt to safely reduce cardiovascular events
in this high-risk population.
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