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A B S T R A C T

Coronary artery disease and acute coronary syndrome (ACS)
are both common in patients with chronic kidney disease
(CKD). CKD patients have higher risks of bleeding and
thrombosis. However, they remain under-represented in
major randomized clinical trials (RCTs), and there is no med-
ical evidence-based foundation on which to issue specific rec-
ommendations about the management of ACS in CKD. CKD
patients with ACS frequently are diagnosed later, receive
fewer acute interventions and are at increased risk of over-
dosage of medications and under-prescription/under-
performance of interventional treatments than CKD patients
without ACS. The lack of RCTs should not discourage reli-
ance on clinical common sense, while clearer decisional algo-
rithms with better outcomes are a priority for urgent develop-
ment. Future guidelines should further refine the assessment
of CKD with ACS while placing much greater emphasis on
the correct dosing of medications based on contemporaneous
renal function. Until a strategy is designed with specific meas-
ures translated into the actual decrease of bleeding risk,

providers will be forced to balance the equilibrium on a thin
red line that is not clearly established.

Keywords: acute coronary syndrome, antithrombotic therapy,
chronic kidney disease, ischaemic risk, bleeding risk

I N T R O D U C T I O N : H O W T H I N I S T H E
‘ T H I N R E D L I N E ’ ?

Chronic kidney disease (CKD) and coronary artery disease
(CAD) are closely intertwined, sharing many aetiological co-
promotors. CKD is present in 30–40% of patients with acute
coronary syndrome (ACS) [1, 2], ST-segment elevation myo-
cardial infarction (STEMI) [3] or non-STEMI [4], with or
without associated heart failure (HF) [5]. This presence of
CKD determines a more severe manifestation of ACS that
includes both a worse (short- and long-term) prognosis
[6] and more numerous and severe complications includ-
ing high rates of mortality and bleeding. In fact, the
American Heart Association proposed CKD as a ‘CAD
equivalent’ [7].

VC The Author 2017. Published by Oxford University Press
on behalf of ERA-EDTA. All rights reserved.
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Despite these observations, recommendations in the
European Society of Cardiology (ESC) STEMI Guidelines [3],
the ESC Non-STEMI [8] and the ESC/European Association
for Cardio-Thoracic Surgery (EACTS) Guidelines on myo-
cardial revascularization [9] are hard to apply in the special
setting of CKD, as they are limited and leave much room for
individual interpretation. For the CKD population evidence
is sparse and is based solely on the analysis of registries such
as SWEDEHEART [10] and ACTION [1] and on retrospec-
tive subgroup analyses from large cohort studies [9, 11]. Both
the ESC Guidelines and the meta-analyses state that CKD
patients do not seem to receive evidence-based therapy with
respect to the antithrombotic medication, as well as to the
early use of invasive strategies to decrease mortality.
Numerous analyses on the same topic indicate that the man-
agement algorithm of CKD patients with ACS could be ‘less
likely’ to include drugs of proven benefit [12]. The same data
sources also emphasize the frequent overdosing of antith-
rombotic drugs, more numerous subsequent haemorrhagic
complications, and significantly more peri-procedural and
percutaneous coronary intervention (PCI)-related complica-
tions [13, 14].

The usual significance of the phrase ‘proven benefit’ has lim-
ited relevance to the CKD population, due to the fact that most
studies have systematically excluded patients with renal dys-
function. Moreover, the comparison with the non-CKD popula-
tion could prove to be misguided and invalid, as there are very
different health and disease trajectories in the long-term man-
agement of CKD compared with the general population. It has
been reported that simply applying dose adjustment of the med-
ication in relation to the extent of impaired renal function does
not necessarily translate into the same results as those seen in
the non-CKD population. On the basis of the accumulated evi-
dence regarding this particular pathological setting, we believe
that it is essential to acknowledge and identify the thin red line
between coronary thrombosis, myocardial ischaemia, and
bleeding, generated not only by the risks and therapy of ACS
but also by thrombotic and haemorrhagic consequences of
CKD [15] itself.

One unresolved key issue is how specifically to define clinical
events such as ACS in patients with CKD, including end-stage
renal disease (ESRD), and whether the recently developed
standardized definitions [16] for cardiovascular endpoints are
well suited across all of the CKD stages. Serum tropinin con-
centrations, an important constituent of the diagnosis of ACS,
are often elevated in patients with ‘healthy’ CKD subjects
(sometimes to>99th centile values). Thus, changes in serial
serum troponin concentration in haemodialysis patients with
chronically elevated cardiac troponin concentrations have
uncertain clinical implications and are therefore challenging to
interpret [17, 18].

Consequently, this current enterprise aims to: (i) acknowl-
edge the clinical, therapeutic and prognostic peculiar charac-
teristics of CKD patients with ACS; (ii) explore the current
situation of the recommendations in the European Guidelines;
(iii) identify and comment on ‘the sensible areas’ in the
Guidelines; and (iv) suggest future directions regarding man-
agement strategies for ACS in CKD patients.

M E T A B O L I C M I L I E U

Why does CKD predispose patients to both thrombosis
and bleeding?

CKD patients have higher rates of bleeding and also of
arterial thrombosis than do patients with normal renal func-
tion. This divergent coagulopathy increases mortality [19–
21]. In addition, responses to antiplatelet or anticoagulant
drugs may differ from those seen in non-CKD patients, espe-
cially in advanced stages of CKD. For example, in a recent
meta-analysis of observational studies, warfarin increased the
risk of major bleeding for ‘dialysis’ patients with atrial fibrilla-
tion (AF), although it had no effect on the risk of stroke.
However, for ‘non-dialysis CKD’ patients with AF, warfarin
had no effect on major bleeding, although it lowered the risk
of stroke [22].

Understanding the cellular and molecular mechanisms
behind this divergent biological behaviour is key to developing
successful therapeutic approaches that would limit both bleed-
ing and thrombosis risks simultaneously. Recent reviews
present a more complex picture, characterized by multifactorial
platelet dysfunction facilitating bleeding through defective pla-
telet response to vessel wall injury, with faulty activation,
recruitment, adhesion and aggregation; at the same time there is
increased platelet-derived procoagulant activity, a greater pro-
pensity to platelet aggregation and plasma abnormalities in the
enzymatic coagulation cascade consistent with a hypercoagu-
lable state [12].

Dose adjustment—when ‘enough’ is not enough

Ideally, dose adjustment should be based on results from
randomized controlled trials (RCTs). In the particular setting of
CKD, besides differential urinary excretion of an active drug or
metabolites, there are further issues that may influence the effi-
cacy and safety of a drug, including altered bioavailability, pro-
tein binding and cellular responses.

One of the key issues for drug dose adjustment is the assess-
ment of estimated glomerular filtration rate (eGFR), which in
real life remains challenging, due to the different serum creati-
nine-based equations used, incorporating characteristic varia-
bles (e.g. weight, ethnicity), with results expressed in different
units (mL/min or mL/min/1.73 m2). Moreover, in many drug
registration trials [e.g. with novel oral anticoagulants
(NOACs)], renal function is calculated with the use of the
Cockcroft–Gault equation, whereas in routine clinical practice
it is estimated by means of the CKD-EPI equation (at best).
Hence, using a more accurate eGFR equation would likely result
in CKD reclassification, with major impact on drug-dosing rec-
ommendations [23, 24]. In a clinically unstable situation, eGFR
is even less valid as a proxy for renal function.

Frequently in CKD, the concentration of a specific drug may
be modified by changes in protein binding related to uraemic
toxin accumulation. Furthermore, CKD is associated with severe
persistent APTT prolongation in STEMI patients undergoing pri-
mary PCI (pPCI), due to impaired plasma protein binding and
reduced unfractioned heparin (UFH) elimination [25].

1968 A. Burlacu et al.
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S P E C I F I C A S P E C T S I N M A N A G E M E N T
O F A C S I N C K D P A T I E N T S

Trials—sometimes a trap in evolution?

A recent systematic review estimated the representation of
patients with CKD in 371 RCTs assessing cardiovascular disease
interventions (i.e. in HF or ACS) randomizing 590 040 partici-
pants. Overall, more than half (57.1%, 212) of trials excluded
patients with CKD. Subjects with CKD were more likely to be
included in trials of patients with HF versus trials of patients
with ACS (63.2% versus 53.6%). CKD patients were excluded
from 55% of 9 fibrinolysis trials, 52% of 45 antiplatelet trials and
88% of 17 anticoagulant trials. Strikingly, this systematic review
also showed that CKD was rather poorly defined, since most tri-
als excluded patients by serum creatinine levels instead of reli-
ance on eGFR [26].

Moreover, haemodialysis patients are almost systematically
excluded from major cardiovascular prevention trials [19]. In
some instances (e.g. NOACs [27]), such an absence of evidence
may have contributed to a widespread off-label use of new drugs
that leads to potential harms for CKD patients.

ESC Guidelines recommendations—real help or just ‘the
bed of Procrustes’?

There is a tendency to correlate the poor evolution and more
numerous complications post-ACS recorded in CKD patients
with the under-treatment according to Guideline recommenda-
tions [4, 28]—a fact recognized as ‘therapeutic nihilism’ [29].
CKD patients have a particular profile characterized by
increased prevalence of hypertension, diabetes mellitus, smok-
ing, history of myocardial infarction (MI) or stroke, which dis-
tinctly aggravate the evolution and prognosis of ACS. These
patients also have a more advanced age and multisite athero-
sclerotic disease, aspects which favour haemorrhagic
complications.

It is a well-known fact that the presence of CKD ‘changes
fundamentally the manner in which patients manifest ACS’
[29]. The level of atypical pain correlates directly with the
degree of CKD [4], the percentage of dialysis patients who
report absence of pain being as high as 40% [30]. Presentation
occurs less often with ST-segment elevation and more in the
shape of non-specific modifications of the ST-segment and con-
sequent non-specific aberrations in repolarization [29]. A retro-
spective analysis [1, 29] showed that patients with CKD and
ACS did not benefit from early PCI, which may be due to the
erroneous interpretation of non-specific MI manifestations for
almost half of the CKD patients.

Another key reason for ACS misdiagnosis lies within the
absence (atypical presentation) of pain specific for CKD
patients, which is also responsible for delayed hospital presenta-
tion, with a consequent advanced systolic left ventricular dys-
function. Moreover, the particular profile of ACS and CKD
patients also includes presence of HF symptoms in a signifi-
cantly higher proportion (50%), as reported by two recent stud-
ies [31, 32].

Guidelines recognize the difficulties encountered in the diag-
nosis of ACS in the CKD context: ‘the diagnosis of non-ST-ACS

in patients with CKD may be more challenging as both mild ele-
vations in cardiac troponin and ECG abnormalities are
frequent’ and suggest that elevated troponin is no longer consid-
ered benign and cannot be simply blamed on creatinine clear-
ance [33]. Moreover, for CKD patients with high troponin
levels, the main diagnosis still seems to be acute myocardial
infarction (AMI) [34].

Additionally, the recommendations for coronary angiography
in non-STEMI regard the presence of CKD as an ‘intermediate’
risk criterion, which benefits from invasive strategies with a Class
IA indication for coronary angiography in the first 72 h [8].

T O R I S K O R N O T T O R I S K ? I S T H I S T H E
( R E A L ) Q U E S T I O N ?

The drawing of our thin red line should be facilitated by the risk
scores mentioned by the Guidelines, which state that ‘ischaemic
and bleeding risks need to be weighed in the individual patient,
although many of the predictors of ischaemic events are also
associated with bleeding complications’ [8].

The Global Registry of Acute Coronary Events (GRACE)
score is the only Class I recommendation risk score (level of evi-
dence B) in the ESC Guidelines and it contributes to stratifica-
tion of major adverse cardiovascular events risk while directing
the management towards early or delayed approaches. It takes
into account renal dysfunction (as opposed to Thrombolysis In
Myocardial Infarction (TIMI) and Heart score). A score of over
140 leads to an indication for an early (<24 h) invasive strategy.
However, unfortunately, it does not factor in creatinine clear-
ance or eGFR, rather only creatinine levels (an insufficiently
strong parameter for the characterization of renal dysfunction,
especially for patients across different ages and body masses).
Hence, an insensitive parameter influences greatly the decision
about when to perform invasive procedures in the<24 or<72
h groups.

Both the CRUSADE and the ACUITY haemorrhage-
propensity scores take into account the assessment of renal func-
tion on admission (a supplementary argument that supports the
early measurement of creatinine). Unfortunately, that is as far as
the actual contribution of these two scores goes. If the computa-
tion of the ischaemic risk score has a Class I indication (level of
evidence B), the calculation of CRUSADE score (‘may be consid-
ered in patients undergoing coronary angiography’) has a Class
IIB indication (level of evidence B) [8, 35]. This biases risk
assessment with the ischaemic risk being deemed higher and
more evidence-based. Furthermore, the practical utility of these
scores is mediocre at best, since their ‘model performance is
modest’, while they apply only to those patients where an inter-
ventional procedure is intended, and their predictive power for
patients on NOACs has not yet been fully validated.

Under these circumstances, why should we compute this
bleeding risk score and to what purpose? A fair question, since
many interventional cardiologists go so far as to ignore it since
regardless of its level, the score does not change much in the
management of the patient.

New data show that in ACS, the CHADS2 score has a strong
prognostic value (independent of AF) in predicting stroke and

B l e e d i n g a n d i s c h a e m i c r i s k s i n C K D p a t i e n t s w i t h A C S 1969
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|mortality, and even greater prognostic value in patients without

AF [36]. A new modified CHADS-VASc score, which includes
renal function (GFR estimated using the Modification of Diet in
Renal Disease formula), R2-CHA2DS2-VASc was evaluated in
a retrospective registry study, which concluded that it predicts
death comparably well when compared with the use of the
GRACE score at 3 and 5 years [37]. Consequently, its further
evaluation in post hoc reanalyses of older studies would be rec-
ommendable to corroborate its results and reinforce its
strength.

In summary, the ambiguity and low utility of calculating an
imprecise score fails to identify the patients where coronary
angiography is not recommended, or to reduce or withhold var-
ious medication usually recommended for ACS patients.

I N V A S I V E C O U L D B E I N T R U S I V E :
I N T E R V E N T I O N A L M A N A G E M E N T O F A C S
P A T I E N T S W I T H C K D

Despite its significantly increased prevalence, the issues raised by
the presence of CKD in the invasive approach of ACS are often
considered as secondary by the interventional cardiologist.

For STEMI patients, the reperfusion strategy of choice is the
same as for non-CKD patients, pPCI being mandatory where
the emergency network enables transport to a PCI-capable hos-
pital. There is no doubt as to the benefits of invasive therapy for
STEMI CKD patients [3]. If the PCI procedure is not within
reach in the first 120 min, the ESC STEMI Guidelines recom-
mend prehospital fibrinolysis, which is not contraindicated in
CKD.

In the invasive approach, we must distinguish between two
categories of patients: those with unknown CKD (where proto-
col will be applied the same as for any other patient) and those
with known CKD.

STEMI Guidelines indicate that ‘decisions on reperfusion in
patients with STEMI have to be made before any assessment of
renal function is available, but it is important to estimate the
glomerular filtration rate as soon as possible after admission.’
Table 18 in the same Guideline summarizes the recommenda-
tions regarding dose adjustment or choice of antithrombotic
medication for patients with CKD [3].

However, by the time a diagnosis of CKD is considered, the
dice have already been thrown: initial medication doses have
been made only considering body mass and not creatinine
clearance or eGFR. This puts CKD patients at increased risk for
post-procedural bleeding. Most antithrombotic agents do not
carry CKD-specific experience in the literature and by the time
creatinine clearance or eGFR is considered the physician ends
up switching between antithrombotic drugs. Moreover, the
development of contrast-induced nephropathy/acute kidney
injury (AKI) can further complicate the issue, due to the partic-
ular behaviour of serum creatinine, which is relatively insensi-
tive to the rapid GFR changes [38]. This characteristic feature
would require a continuous adjustment of the entire medication
in correlation with the rapidly and unpredictably deteriorating
renal function and, consequently, would also impose a variably
inaccurate adjustment of the risk scores.

Therefore, the authors believe that the next set of clinical
guidelines should recommend mandatory assessment of eGFR
before the pPCI procedure, a reasonably easy, rapid and accessi-
ble evaluation. Point of care devices may additionally be valua-
ble in this setting. Moreover, better than no evidence at all, a
post-market approval-specific appraisal of the benefit/risk ratio
in advanced CKD patients should be considered by regulatory
bodies, especially for those NOACs with only pharmacokinetic/
pharmacodynamics data available instead of RCTs. The posi-
tion of the authors is that for one-third of STEMI patients
(those with renal dysfunction [1]), peri-procedural medication
is inappropriately administered due to ignorance of the renal
function, and that in the 21st century no peri-procedural medi-
cation should be left unadjusted for renal function.

The Revascularization Guidelines [9] state that ‘in patients
referred for acute PCI, the first dose of an antithrombotic drug
does not usually add to the risk of bleeding in the case of CKD.
In the absence of contra-indications, patients with CKD should
receive the same first line treatment as any other patient.’ This
statement biases the decisional process towards antithrombotic
drugs not recommended in CKD (i.e. there is no experience in
advanced CKD for prasugrel and ticagrelor). In the ACTION
registry, patients with STEMI and CKD 3a had two-fold more
bleeding events as opposed to non-CKD patients, whereas for
CKD 3b and further the number of bleeding events increased
up to four times [1]. It is obvious that these numbers are due to
administration of ‘standard’ initial doses (and not factoring in
eGFR from the start).

To summarize, across all guidelines, the main information
regarding ACS with CKD is that patients are less frequently
managed invasively and thus revascularized (either by interven-
tional or surgical procedures) than non-CKD patients. The thin
red line is most conspicuous in the case of the non-STEMI
group. The little information that exists is based solely on regis-
try analyses, which are limited by the number of patients, conse-
quently mirrored in the level of evidence and decisional power.
Afflicted by the severe shortage of information, the invasive
approach finds itself confronted with a variety of clinical scenar-
ios that not only lack coverage in the Guidelines, but the ambig-
uous formulation thereof also leaves much room for
interpretation and heterogeneous decision-making.

The two questions guiding the interventional approach of a
non-STEMI in CKD patients should be: (i) Should we or should
we not perform an invasive procedure? (ii) If we should, then
what is the time frame?

To treat or not to treat?

The ACTION registry shows that mortality increases as
CKD progresses for both invasively and conservatively man-
aged patients [1]. An additional risk–treatment paradox is that
as the renal impairment and thus the risk increases, these
patients benefit significantly less often from interventional
treatment [39]. The lack of demonstrable treatment benefit for
a certain segment in the CKD population may find a theoretical
explanation in the high incidence of complications such as fatal
bleeding and AKI, and the more severe prognosis brought about
by advanced coronary disease. As there are no RCTs investigat-
ing the benefit of the invasive algorithm on CKD patients, the
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|numerous gaps in the evidence produce uncertainty regarding

the benefit brought by early intervention on mortality and long-
term evolution.

Therefore, the question we actually should be asking is:
‘should we or should we not perform PCI in ACS with advanced
CKD?’ The ESC Guidelines based on the conclusions yielded by
the SWEDEHEART registry [10] indicate that the benefit of the
invasive strategy decreases concurrently with the progression of
CKD up to a lack of benefit on mortality in CKD 5 and 5D.

However, Yu et al. [39] signal deep flaws in the statistical sig-
nificance of the data and conclude that there are not sufficient
reasons to assume benefits of invasive therapy for ACS, stressing
the need for dedicated RCTs to assess safety and efficacy of new
invasive therapies for patients with various stages of CKD.
Furthermore, a similarly defective assessment of mortality risk
also complicates the decision to treat CKD patients [40, 41].

Biased patient selection (those with severe renal function are
less often referred towards an invasive procedure, and those
referred have poor results) yields an equally biased conclusion
that the benefit of invasive procedures for patients with severe
CKD is low. This behaviour is deemed as unsuitable by certain
researchers [42], who name it ‘renalism’ and define it as
‘inappropriately low rates of coronary angiography in elderly
individuals with renal insufficiency’.

Finally, a small clarification is brought by a recent meta-anal-
ysis [43], which indicated a net benefit in the mortality rate for
all CKD patients, further highlighting the crucial significance of
conceiving a set of homogeneous criteria for adequate patient
selection.

If we should intervene, then what is the optimal time
frame?

Regrettably, we do not have a definitive answer for this ques-
tion either.

At a first glance, guidelines acknowledge the debate and confu-
sion regarding this population, and give the following indications
regarding the bearing of CKD on the interventionist decision.
The non-STEMI Guidelines (Table 5.6.9) state that presence of
CKD Stage 3 or higher (eGFR<60 mL/min/1.73 m2) indicates an
invasive approach in<72 h.

However, at a closer examination the two meta-analyses
providing the Level IA indication are mutually inconsistent.
Both observe that high-risk groups benefit the most from
invasive procedures, while they do not mention specifically
the CKD population. Furthermore, in most studies incorpo-
rated into these meta-analyses, there was not a question of
whether the coronary angiography should be performed or
not. Instead, they only investigated if the routine early inter-
ventional approach brings supplemental benefits. The man-
ner in which referral of CKD patients is suggested is
unsubstantiated by evidence.

A 2016 systematic review [44] that investigated the impact
of early invasive versus conservative strategies for CKD
patients leaned towards an early invasive approach for non-
STEMI patients with mild and moderate CKD (citing survival
benefits). With respect to patients with severe CKD, the study
indicates that early intervention cannot be backed by evi-
dence, as it entails high levels of risk and an understudied

population. Moreover, the article supports a cautious man-
agement behaviour, as levels of in-hospital mortality and
complications could be higher if associated with an early
invasive approach.

An essential weakness of all the three studies discussed above
is the heterogeneous definition of the ‘early invasive strategy’,
which ranges from as long as 1 week (in FRISC II), to 72, 48 or
24 h in other studies [45, 46]. In our opinion, the time frame of
72 h allocated by Table 5.6.9 from the Guidelines (for patients
with CKD without major complications) is unfounded and
somewhat empirical, and the large variations in the definition of
the ‘early’ concept only add confusion.

In conclusion, the answer to our question cannot be scientifi-
cally articulated and supported by evidence, with the obvious
exception of unstable cases, which are classified in the high-risk
group.

K N O W N F A C T S R E G A R D I N G
A N T I T H R O M B O T I C M E D I C A T I O N I N A C S
A N D C K D

ESC Guidelines recommendations are organized distinctly for
antiplatelet and anticoagulant medication. Although it is sug-
gested that the choice and dose of antithrombotic drugs should
be considered with caution, these two main categories are
approached differently: ‘while most anticoagulants may need
dose adjustment in renal insufficiency, this is not the case for
oral antiplatelet drugs’ [8].

Table 1 presents a summary of European Guidelines recom-
mendations regarding dose adjustment and drug administra-
tion for ACS patients with CKD.

It is worth mentioning that there is no evidence supporting
the efficacy and safety of association of GPIIb/IIIa inhibitors
with aspirin and a novel antiplatelet drug (other than clopidog-
rel). Moreover, efficacy data for the use of P2Y12 inhibitors in
Stage 5 CKD are insufficient. Therefore, in this setting P2Y12
inhibitors should be selected for high-risk indications (i.e. coro-
nary stent thrombosis prevention), with bleeding risk carefully
weighed [8]. The only study that supports higher benefits in
AMI for an antiplatelet agent in CKD as opposed to non-CKD
patients is the PLATelet inhibition and patient Outcomes
(PLATO) trial [3, 47].

Furthermore, even though the Guidelines [9] state that the
bleeding risk is not usually increased by the first dose of an
antithrombotic drug, but through repeated infusion or intake,
this assertion is not supported by hard evidence, which requires
cautiously weighed decisions from the first administration of
the drug and solid future RCTs.

N O A C S : U S E F U L O R U S E L E S S F O R A C S
I N C K D P A T I E N T S ?

Recently, NOACs have been chosen as an alternative to tradi-
tional vitamin K antagonists (VKA) for reducing the risk of
thromboembolism in patients with non-valvular AF. These
molecules are either direct thrombin inhibitors (ximelagatran
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|and dabigatran) or factor Xa inhibitors (rivaroxaban, apixaban

and edoxaban). There are some data on the use of NOACs in
patients with CKD and AF, deriving from post hoc analyses of
RCTs that have allowed the introduction of these new drugs
[48–51]. Subgroup analyses of CKD patients have substantially
confirmed, albeit with some differences between the various
drugs, the efficacy and safety of NOACs in the prophylaxis of
thromboembolic risk in subjects with moderate CKD (eGFR
30–50 mL/min/1.73 m2) [52–56].

Consequently, most recent ESC Guidelines consider the use
of NOACs to be suitable only in patients with AF and CKD
with eGFR> 30 mL/min/1.73 m2 for dabigatran, rivaroxaban
and edoxaban, and>25 mL/min/1.73 m2 for apixaban [57],
whereas the European Medicine Agency (EMA) extends rivar-
oxaban, edoxaban and apixaban usage also for CKD Stage 4 (see
Table 2). The differences are due to the fact that the ESC made

the recommendation based on RCTs results, whereas the EMA
took into account pharmacokinetic studies.

Additionally, the two main drug evaluation and
authorization agencies, the EMA and the American Food and
Drug Administration (FDA), have different positions with
regard to the dosage of NOACs in patients with severe CKD.
The main differences are that, according to the EMA, dabiga-
tran cannot be used in patients with CKD Stages 4, 5 and on
dialysis, whereas according to the FDA it can be administered at
a dose of 75 mg (a dose that does not exist in Europe) to patients
with CKD Stage 4. Moreover, according to the EMA, rivaroxa-
ban and apixaban may not be administered in patients with
CKD Stage 5 and on dialysis, whereas according to the FDA
they may be administered on haemodialysis at the following
dosages: 15 mg o.d. for rivaroxaban, 2.5 mg b.i.d. for apixaban
in the presence of age>80 years or body weight<60 kg (Tables

Table 1. Antithrombotic medication in ACS with CKD according to ESC Guidelines recommendations

Drugs Initial dose adjustment Dose adjustment in CKDa Observations

Stages 3 and 4 CKD Stages 5 and 5D CKD

Aspirin No dose adjustment No dose adjustment Lack of specific
recommendations

P2Y12 inhibitors:
Clopidogrel No dose adjustment No dose adjustment Only for selected indica-

tions (stent thrombosis)
Lack of specific recommenda-
tions No studies for CKD 5
and clopidogrel resistance

Prasugrel No dose adjustment No dose adjustment Not recommended (no
experience)

No benefit in patients >75
years old and <60 kg

Ticagrelor No dose adjustment No dose adjustment Not recommended (no
experience)

Cangrelor No dose adjustment No dose adjustment No indication in ESC
Guidelines STEMI (2012),
Revasc (2014); approved in
March 2015 by EMA

Anticoagulants:
UFH No dose adjustment;

during PCI: 70–100 IU/kg
Dose adjustment according
ACT (during PCI) and
APTT (elsewhere)

Widely used despite consistent
evidence for greater bleeding
risk compared with other
strategies

Enoxaparin No dose adjustment No adjustment in CKD 3;
doses halved in CKD 4

Contraindicated Anti-Xa monitoring recom-
mended in CKD 4; crossing
over to UFH during PCI
strongly contraindicated

Fondaparinux No dose adjustment Doses halved in CKD 3;
contraindicated in CKD 4

Contraindicated Considered the most favour-
able efficacy–safety profile
(but without CKD data); cath-
eter thrombus during PCI
needs UFH bolus (increasing
bleeding risk in CKD)

Bivalirudin No dose adjustment Doses halved in CKD 3;
contraindicated in CKD 4

Contraindicated

GPIIb/IIIa inhibitors:
Abciximab No specific recommendation No specific recommenda-

tion; careful consideration
of bleeding risk

No evidence for safety and
efficacy in adding GPIIb/IIIa
inhibitors on aspirin þ tica-
grelor/prasugrelEptifibatide No dose adjustment Doses halved in CKD 3;

contraindicated in CKD 4;
Contraindicated

Tirofiban No dose adjustment No dose adjustment in
CKD 3; doses halved in
CKD 4

Not recommended

Source: ESC STEMI Guidelines 2012 (Tables 17, 18); ESC Non-STEMI Guidelines 2015 (Tables 8, 10, 11 and Webaddenda Section 5.8.3.1); and ESC Revascularization Guidelines 2014
(Section 18.4.8, Table 15).
aStages 1 and 2 CKD dosing: similar to non-CKD patients.
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2 and 3). These assertions, however, were not tested in RCTs
and are based solely on pharmacokinetic studies [58–60].

Data regarding the usefulness of NOACs in patients with
ACS are scarce regardless of CKD status. Moreover, the
Guidelines do not have specific dosage recommendations for
patients with CKD and ACS, with or without AF.

The rationale for the use of NOACs can be found in two
groups of ACS patients: ACS patients with long-term oral anti-
coagulant therapy (OAT) indication and ACS patients without
such an indication.

In this section, the authors describe the available evidence
regarding the use of NOACs in patients with ACS and concomi-
tant CKD, considering only data deriving from RCTs.

NOACs after ACS in CKD patients without long-term
OAT indication

In ACS patients, anticoagulant drugs have been shown to
improve overall prognosis and combination with antiplatelet
drugs is more effective than monotherapy [61]. Guidelines
briefly mention NOACs without specifically referring to CKD
patients. For example, rivaroxaban is indicated [8] to be used in
combination with aspirin and clopidogrel at a lower dose com-
pared with what is recommended in case of AF (class/level of
evidence IIB). This indication originates from the results of the
ATLAS ACS 2-TIMI 51 study [62], which showed a reduction
in the risk of primary efficacy endpoint (death from cardiovas-
cular causes, AMI or stroke) in patients with eGFR>50 mL/
min/1.73 m2, slightly diminished for patients with eGFR
<50 mL/min/1.73 m2.

The other main RCTs assessing the efficacy and safety of
NOACs versus placebo in ACS patients on antiplatelet therapy
were Efficacy and Safety of the oral direct Thrombin inhibitor
ximelagatran in patiEnts with rEcent Myocardial damage
(ESTEEM) [63], Apixaban for Prevention of Acute Ischemic
Events (APPRAISE) 2 [64] and REDEEM [65], which studied
ximelagatran, apixaban and dabigatran, respectively.

The ESTEEM study showed superiority of the ximelagatran–
acetylsalicylic acid combination, in terms of mortality, MI and
stroke, but did not enrol any CKD patients. The APPRAISE
and the REDEEM studies showed an increase in bleeding events
without any positive effect for ischaemic events in patients tak-
ing NOACs.

A recent meta-analysis on all RCTs studying the use of
NOACs in patients with ACS concluded that addition of these
drugs to the traditional antiplatelet therapy leads to modest
reduction in cardiovascular endpoints against an important
increase in haemorrhagic events [66].

NOACs after ACS in CKD patients with long-term OAT
indication

In ACS patients with an indication for chronic OAT, the
Guidelines advise continuing the current OAT, to be combined
with antiplatelet treatment (class/level of evidence IC) [8].
Regarding patients with indication for PCI, this procedure
should be carried out without interrupting OAT, when both
VKA and NOACs are involved. In the case of patients on
chronic NOACs treatment, it is suggested to add parenteral
anticoagulation during PCI.

Data on long-term antithrombotic treatment after PCI show
an increase in haemorrhagic events with triple therapy [67],
which is recommended only in specific cases (presence of AF
and CHA2DS2-VASc�2; mechanical prosthetic valves; recur-
rent deep venous thrombosis) and should be administered for
as short a period as possible, while for patients on NOACs ther-
apy it is advised to reduce the doses. Again, the Guidelines do
not mention patients with CKD. A recent consensus document
of the major Cardiology Societies recommends the use of
NOACs instead of VKA in ACS patients with long-term indica-
tion for OAT in case of elevated levels of HAS-BLED score. In
CKD patients (eGFR between 30 and 50 mL/min/1.73 m2), it is
advised to use 15 mg rivaroxaban once a day [68].

Table 3. NOACs dosage for patients with AF and CKD: Food and Drug Administration indications

Stages 1, 2 and 3a CKD Stage 3b CKD Stage 4 CKD Stages 5 and 5D CKD

Dabigatran 150 mg b.i.d. 150 mg b.i.d. 75 mg b.i.d. None
Rivaroxaban 20 mg o.d. 15 mg o.d. 15 mg o.d. 15 mg o.d.
Apixaban 5 mg b.i.d. 2.5 mg b.i.d. in presence of two

of following: age >80 years,
body weight <60 kg, serum
creatinine >1.5 mg/dL

2.5 mg b.i.d. in presence of two
of following: age >80 years,
body weight <60 kg, serum
creatinine >1.5 mg/dL

2.5 mg b.i.d. in presence
of age >80 years or
body weight <60 kg

Edoxaban 60 mg o.d. 30 mg o.d. 30 mg o.d. None

Table 2. NOACs dosage for patients with AF and CKD: European Medicines Agency indications

Stages 1, 2 and 3a CKD Stage 3b CKD Stage 4 CKD Stages 5 and 5D
CKD

Dabigatran 150 mg b.i.d. 150 or 110 mg b.i.d.a None None
Rivaroxaban 20 mg o.d. 15 mg o.d. 15 mg o.d. None
Apixaban 5 mg b.i.d. 2.5 mg b.i.d. in presence of two of following:

age >80 years, body weight <60 kg,
serum creatinine >1.5 mg/dL

2.5 mg b.i.d. None

Edoxaban 60 mg o.d. 30 mg o.d. 30 mg o.d. None

aDabigatran 110 mg is recommended in high bleeding risk patients.
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|The only data obtained from an RCT comparing NOACs

and VKA for efficacy and safety in AF patients who were also
on single or dual antiplatelet therapy derive from a subgroup
analysis of the RE-LY study [69]. Dabigatran and antiplatelet
drugs significantly increased the risk of major bleedings. The
advantages of dabigatran compared with warfarin shown by the
main study [48] were confirmed, in terms of both efficacy and
safety. The RE-LY study included patients with creatinine clear-
ance>30 mL/min; however, the article that reported the data of
this post hoc analysis did not perform a separate analysis of
CKD patients and consequently it is not possible to determine
whether they were included in the study population.

In December 2016, the results of the PIONEER AF-PCI were
published [70]. The trial, which included patients with AF who
underwent PCI, provided three arms: Group 1, rivaroxaban at a
dose of 15 mg once daily (or 10 mg once daily if creatinine clear-
ance was <50 mL/min) plus single antiplatelet therapy; Group
2, rivaroxaban at a dose of 2.5 mg twice daily plus dual antipla-
telet therapy; and Group 3, VKA, warfarin once daily plus dual
antiplatelet therapy. Patients with creatinine clearance of 30–
60 mL/min were 28.8% in Groups 1 and 2 and 26.2% in Group
3. Patients with creatinine clearance<30 mL/min were 1.2% in
Groups 1 and 2 and 0.3% in Group 3. In Groups 1 and 2, the
low dose of rivaroxaban was associated with a lower rate of clin-
ically significant bleeding than was standard therapy with a
VKA plus dual antiplatelet therapy (Group 3). The three groups
had similar efficacy rates.

Data on the use of NOACs in ACS patients with CKD are
much more fragmented. The few data deriving from RCTs dis-
courage the prescription of NOACs in ACS patients with
reduced renal function. An exception could be made for rivar-
oxaban, if administered at lower doses, in CKD patients with
AF suffering from ACS. The recently completed PIONEER AF-
PCI has provided important information on the possibility to
use rivaroxaban also in patients with ACS, AF and
eGFR>30 mL/min/1.73 m2. At this moment no robust data are
available on the use of NOACs in ACS patients with ESRD on
dialysis.

C O N C L U S I O N S

CKD represents the ‘perfect storm’ as CKD patients bleed and
clot more, have very significant comorbidities and hence are at
significantly increased risk for ACS. Accurate and timely clinical
diagnosis (especially for non-STEMI ACS) is difficult and thus
often (too) late. CKD patients typically receive fewer acute
interventions for ACS, while they are also at increased risk for
over-dosage of medications and under-prescription/under-
performance of interventional treatments than CKD patients
without ACS.

Ongoing therapies are also confounded by dosing issues and
by lack of certainty over longer term benefits. There are diver-
gent data regarding the outcomes of interventional procedures.
Overall, CKD patients remain under-represented in major clini-
cal trials, and when they are included they are often inappropri-
ately studied. Guidelines do not yet recommend the
implementation of simple cost-effective measures that could

safeguard CKD patients, such as urgent eGFR performance
recommendations.

The authors believe that the lack of RCTs [71] should and
must not discourage clinical common sense, and clearer deci-
sional algorithms with better outcomes could be attainable.
Furthermore, the authors consider that robustly designed RCTs
are now urgently required to scope and then plug the large exist-
ing gaps in the information framework covering this particular
patient population. CKD patients need specific assessment pro-
cedures, and until a strategy is designed with specific measures
translated into the actual decrease of bleeding, providers will be
forced to keep the equilibrium on a thin red line that is not
clearly established.
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