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P
latelets are crucial to prevent
and stop bleeding, a process

referred to as hemostasis. They do
so by adhering to the damaged
vascular wall, triggering platelet
activation and the subsequent
growth of a thrombus through an
increasing accumulation of plate-
lets and thrombin-generated fibrin.
Platelets, however, also contribute
to the occurrence of cardiovascular
events by stimulating the formation
and progression of atherosclerotic
lesions and through their crucial
involvement in the formation of
thrombi triggered by vascular
dysfunction, atherosclerotic plaque
rupture, or plaque erosion.1 Subse-
quent narrowing or blocking of a
coronary artery or its branches
can trigger myocardial ischemia
and infarction, whereas narrowing
or blocking of the arteries supply-
ing the extremities underlies pe-
ripheral artery disease (PAD). Of
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note, PAD is associated with a
higher risk of coronary artery dis-
ease and worse cardiovascular out-
comes. For example, patients with
symptomatic PAD have a 70%
higher risk of cardiovascular events
and a 80% higher risk of death
compared with patients without
PAD.2

It is well known that patients
with chronic kidney disease (CKD)
are at higher risk of cardiovascular
events. Heart disease in patients
with CKD results from a complex
interplay between the following 3
distinct processes: atherosclerosis,
arteriosclerosis, and left ventricular
growth and dysfunction (reviewed
by P. Pun3). Approximately 50% of
cardiovascular events in CKD are
directly attributable to athero-
sclerosis,4 and this proportion is
likely higher among patients with
concomitant PAD. Atherosclerotic
disease, coronary artery disease,
and PAD are prevalent in CKD,
and CKD severity modifies the
lethality of underlying athero-
sclerotic disease: patients pre-
senting with both PAD and
moderate CKD had a 32% increased
risk of death within 1 year of
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follow-up compared with patients
with PAD with normal or mildly
reduced kidney function. This risk
increased to almost 3-fold for pa-
tients with PAD with severe CKD
or kidney failure.5

Given the central role of plate-
lets in atherothrombotic events, in
this issue of KI Reports, Cofer
et al.6 evaluated the hypothesis
that CKD-associated changes in
platelet activity may explain the
higher rate of cardiovascular out-
comes in patients with PAD un-
dergoing lower extremity
revascularization. Patients were
classified into the following 2
groups: those with normal or
mildly decreased kidney function
(glomerular filtration rate $ 60 ml/
min/1.73 m2) versus those with
moderately decreased kidney
function or worse (glomerular
filtration rate < 60 ml/min/1.73
m2). Within this latter group, 63%
had moderate CKD (CKD3) and
37% severe to end-stage kidney
disease (CKD4–CKD5), of which
60% of patients with CKD4 to
CKD5 were on maintenance dial-
ysis. Platelet aggregation was
analyzed by light transmission
aggregometry after stimulation
with a broad range of platelet ag-
onists and doses, certainly
contributing to the value of this
study. Overall, the authors
observed higher platelet activity in
patients with PAD with CKD
compared with PAD controls
upon a stimulation with submax-
imal concentrations of adenosine
diphosphate, serotonin, and
epinephrine. Risk of cardiovascu-
lar events over a median follow-
up time of 18 months was higher
in the CKD group, in line with
expectations, and the increased
platelet aggregation responses
were calculated to contribute to
7% to 26% of the excess risk of
myocardial infarction, death,
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major adverse cardiovascular
events, or major adverse cardio-
vascular events with limb events.
This study is the first to report
such a comprehensive analysis of
platelet contribution to cardio-
vascular risk in CKD, supporting
its scientific value.

Platelet studies in CKD have
been performed before, but the
results have been highly variable.7

Most of the studies of nondialysis
patients with CKD revealed
decreased platelet aggregation and
reduced thromboxane production
in CKD.7 A meta-analysis also
revealed maximal aggregation
upon stimulation with collagen to
be significantly reduced in patients
with CKD.8 In contrast, others re-
ported unaltered or increased
platelet aggregation responses in
CKD.7 Nonetheless, bleeding time
was mostly prolonged in patients
with CKD.7

Patient heterogeneity in terms
of disease severity could have
contributed to these conflicting
findings in platelet responses in
literature. CKD is a progressive
disease, and cardiovascular risk
increases with increasing kidney
dysfunction,3 as confirmed by
Cofer et al.6 Modest, significant
negative correlations were observed
by the authors between estimated
glomerularfiltration rate andplatelet
aggregation upon stimulation with
the aforementioned agonists at spe-
cific doses. Yet, when directly
comparing patients in CKD stages 4
to 5 (estimated glomerularfiltration
rate < 30) with patients in CKD
stage 3, patients with CKD4 to
CKD5 did not present a higher
platelet aggregatory response to
most of the investigated agonists.6

Huang et al.,9 however, previ-
ously reported increased platelet
aggregatory responses upon aden-
osine diphosphate stimulation in
nondialysis CKD5 compared with
controls and patients with CKD3,
but not in patients with CKD3 or
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CKD4 compared with controls.
Potential factors contributing to
this variability in results could
include differences in studied pa-
tient cohorts in terms of comor-
bidities or therapy. The study in
this issue focused specifically on
patients with PAD undergoing
revascularization and included
patients with CKD4 to CKD5 of
whom 60% were on dialysis,6

whereas Huang et al.9 studied
nondialysis patients only.
Although only a small number of
patients were diagnosed with
having diabetes in the study of
Huang et al.9 (5% of controls vs.
11% of nondialysis CKD5), a
significantly higher number of pa-
tients with CKD in the study of
Cofer et al.6 also had diabetes (69%;
compared with only 41.9% in the
non-CKD group), with diabetes
associated with a higher platelet
reactivity.1

Furthermore, most patients in
the study of Cofer et al.6 were
on antiplatelet therapy, with
79.6%/82.6% on aspirin and
37.2%/44.2% on clopidogrel for
CKD and control patients,
respectively, without significant
differences between both groups.
Although clopidogrel is an irre-
versible antagonist of P2Y12 as
receptor for adenosine diphos-
phate, aspirin inhibits throm-
boxane A2 production. Despite
highly frequent antiplatelet
therapy of both the CKD and
control group investigated by
Cofer et al.,6 platelets from pa-
tients with CKD PAD displayed
increased aggregation responses
upon stimulation with arachidonic
acid, especially in the presence of
a saturating dose of aspirin
ex vivo. The latter was suggestive
of a less complete platelet inhibi-
tory effect of aspirin therapy in
patients with CKD, with high on-
treatment platelet reactivity also
reported to be associated with
increased cardiovascular risk after
revascularization. Of note, for the
PAD cohort studied by Cofer
et al.,6 it would have been inter-
esting to also compare platelet re-
sponses in patients with versus
without CKD with specific subdi-
vision of patients either treated
with antiplatelet therapy or not,
the latter to investigate inherent
effects of CKD on platelets in the
absence of a potential impact of
altered efficacy of antiplatelet
therapy between both groups.

In summary, Cofer et al.6

present in this issue solid evi-
dence that platelet aggregation
responses in patients with
PAD are increased in patients
with moderate-to-severe CKD
compared with those with
normal or mildly decreased kid-
ney function, as detected by
light transmission aggregometry
analysis. Future studies should
provide further insights into the
source of the high heterogeneity
of current findings on platelet
responses in CKD, with either
CKD etiology, stage, comorbid-
ities, or antiplatelet treatment of
the investigated patient cohort,
and differential readouts of
platelet activity as potential
contributing factors. Moreover,
as recently summarized, the
causes of altered platelet activity
in CKD are multifactorial and yet
incompletely understood, with a
suggested role for uremic toxin
accumulation, low-grade inflamma-
tion, reduced vascular integrity, and
hypercoagulability in CKD.7

Increased insights into the mecha-
nisms underlying altered platelet
responses in CKD may contribute to
the optimization of current anti-
platelet treatment strategies for pa-
tients with CKD.
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