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a  b  s  t  r  a  c  t

Patients  with  advanced  chronic  kidney  disease  (CKD)  are  at an  increased  risk  of  bleeding,  especially  in
the context  of the  complex  therapeutic  schemes  of  coronary  artery  disease  (CAD)  (from  stable  angina  to
acute  coronary  syndromes),  atrial  fibrillation  or venous  thromboembolism.  The  bleeding  issue  increases
morbidity  and  mortality,  a  serious  problem  in daily  medical  practice.  However,  these  patients  are  largely
excluded  from  major  randomized  clinical  trials,  which  results  in  the lack  of medical  evidence-based
foundation  for specific  recommendations  regarding  antithrombotic  treatment  in  a high  bleeding  risk
setting.  Within  this  framework,  the  clinician  does  not  benefit  from  a  clear  set  of  algorithms  and  measures
in the  exploration  and  balancing  of bleeding  and  thrombosis  risks. We discuss  a  diversity  of  scenarios,
encompassing  all categories  of  advanced  CKD  patients  with  CAD  or/and  atrial  fibrillation,  and  with  various
combinations  of  drugs,  such  as  antiplatelet  therapy  or/and  oral anticoagulation.  Our  review  highlights  the
most  recent  research  as well  as  existing  gaps  in  the  recommendations  of  European  Society  of  Cardiology
Guidelines.  We  evaluate  the  existence  or lack  of  assessment  tools  for  the bleeding  risk, strength,  reliability
and  usefulness  of the bleeding  risk  scores.  Also,  we  identify  all the measures  recommended  after  risk
evaluation,  including  specific  plans,  dose  adjustments  and particular  therapeutic  approaches.  Finally,  we
provide  with  suggestions  for improving  the management  of this  patient  population.
roton pump inhibitors

eywords:
leeding
hronic kidney disease

© 2017  Elsevier  Ltd. All  rights  reserved.
anagement
isk
∗ Corresponding author: FNLA, FAHA, FESC; FASA, Head, Department of Hyper-
ension, WAM  University Hospital in Lodz, Medical University of Lodz, Zeromskiego
13; 90-549 Lodz, Poland.

E-mail address: maciejbanach77@gmail.com (M.  Banach).

ttps://doi.org/10.1016/j.phrs.2017.12.004
043-6618/© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

A significant proportion of patients with advanced chronic
kidney disease (CKD) – i.e. estimated glomerular filtration rate
<30 ml/min/1.73 m2,  stages 4, 5 and 5D – associates cardiovas-

cular diseases (CVD) requiring antiplatelet and/or anticoagulant
therapy, which puts them at an increased risk for bleeding. In addi-
tion, frequently this significant risk occurs in a frail population
with a complex burden of disease. The existing European Soci-
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http://www.elsevier.com/locate/yphrs
http://crossmark.crossref.org/dialog/?doi=10.1016/j.phrs.2017.12.004&domain=pdf
mailto:maciejbanach77@gmail.com
https://doi.org/10.1016/j.phrs.2017.12.004


5 gical R

e
h
p
e
c
c
m
t
m

i
t
m
s
C

o
t
w
t
a
p
o

m
m
p
r
d

1

o
a

T
E
d

36 A. Burlacu et al. / Pharmacolo

ty of Cardiology (ESC) Guidelines on antithrombotic medication
ave noteworthy gaps regarding the management of advanced CKD
atients, due to absence of strong evidence regarding risks and ben-
fits. Moreover, the lack of solid evidence derived from randomized
ontrol trials (as these patients have been excluded from proto-
ols) [1,2], as well as of appropriate bleeding risk scores and clear
anagement algorithms creates a void, which hinders an effec-

ive and safe approach in medical care, when using antithrombotic
edication.
Within this framework, bleeding represents the great unknown

n the attempt to maintain the correct balance; often, thrombosis
ends to take center stage, simply because we know and can do

ore about it, although bleeding is equally a key aspect which can
ignificantly offset the delicate status quo in the health of advanced
KD patients, as underlined in our previous review [3].

The issue of the bleeding risk assessment in the complex context
f the advanced CKD needs to be evaluated taking into account
he current state of art, or lack thereof. There are several studies
hich support new ways of decreasing bleeding risk [4] such as

he introduction of proton-pump inhibitors (PPIs) in the treatment
lgorithm of patients on antiplatelet therapy, but their effect may
roduce new and unsuspected side effects, especially in the setting
f CKD.

So, as long as we do not yet have effective protocols and assess-
ent tools for the bleeding risk, can we confidently prescribe new
edication and increase further the therapeutic burden of such

atients? We  believe that currently our first priority should be the
eassessment of the existing antithrombotic medication and the
esign of cost-effective, ready-to-use tools.

.1. Aims
The objectives of the current review are to: 1) describe the hem-
rrhagic risk in advanced CKD patients on antiplatelet (mono/dual)
nd/or anticoagulant medication (warfarin/novel oral anticoagu-

able 1
MA  guidelines on the assessment and reporting of bleeding events in the context of clin
isease.

Major bleeding* Fatal
Critical

Clinically overt 

Life  threatening major bleeding* Fatal and/or symptomatic intracran
Decrease in Hb ≥5 g/dL
Transfusion ≥4 units of blood or pa
Associated with hypotension requi
agents
Necessitated surgical intervention

Clinically relevant non-major bleeding* Multiple-source bleeding
Spontaneous hematoma >25 cm2, 

Intramuscular hematoma documen
without compartment syndrome
Excessive wound hematoma
Macroscopic hematuria spontaneo
associated with an intervention
Epistaxis or gingival bleeding that 

other medical intervention
Bleeding after venipuncture for >5
Hemoptysis
Hematemesis or spontaneous recta
endoscopy or other medical interv

Other non-major bleedings Does not meet criteria for any of th

* Meets at least one criteria; Hb: Hemoglobin, RBC: red blood cells.
esearch 129 (2018) 535–543

lants, NOACs); 2) analyze all available major bleeding scores with
strengths and weaknesses; 3) identify all the gaps in evidence and
management strategies/Guidelines recommendations; 4) suggest
new directions in order to improve quality of care.

Since bleeding aspects and clinical contexts vary widely, we
divided this population into subsets of patients with advanced CKD
and: a) antiplatelet therapy in monotherapy; b) acute coronary syn-
drome (ACS)/Non-ST elevation myocardial infarction (NonSTEMI);
c) ST-elevation myocardial infarction (STEMI); d) chronic oral anti-
coagulation therapy; e) “triple association” of antiplatelet and
anticoagulant drugs.

For each category, we will discuss: i) existence or lack of
assessment tools for the bleeding risk; ii) strength, reliability and
usefulness of the bleeding risk assessment tool; iii) measures rec-
ommended after risk assessment, including specific plans, dose
adjustments and particular therapeutic approaches; iv) suggestions
for improving the management of this patient population.

2. Hemorrhagic risk in patients with advanced CKD and
antithrombotic medication

Bleeding is the main complication of antithrombotic therapy
and must be assessed as a primary safety outcome in clinical trials
of these agents. There are several definitions of bleeding developed
by different study groups and consortia, including the Thrombolysis
In Myocardial Infarction (TIMI) study group, the Criteria developed
by the Global Use of Strategies to Open Coronary Arteries (GUSTO)
study group, the Bleeding Academic Research Consortium (BARC)
and others [5–7]. We will discuss in detail the recent European
Medicines Agency (EMA) recommendations [8,9].
2.1. Classification of bleeding events

The 2016 and 2017 EMA  guidelines on the assessment and
reporting of bleeding events in the context of clinical trials

ical trials of antithrombotic therapy for the treatment of venous thromboembolic

Intracranial
Intraocular
Intraspinal
Pericardial
Retroperitoneal
Intraarticular
Intramuscular with compartment syndrome
Decrease in Hb >2 g/dL or transfusion ≥2 units
of whole blood or packed RBC or necessitates
surgical intervention

ial bleed

cked RBC
ring intravenous inotropic

or > 100 cm2  if traumatic
ted by ultrasonography

us or lasting >24 h if

requires tamponade or

 min

l bleeding requiring
ention
e above
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f antithrombotic therapy for the treatment of venous throm-
oembolic disease recognizes three categories of bleeding: major,
linically relevant non-major and other non-major bleeding [8,9]
Table 1). Major bleeding includes fatal, critical and other clinically
vert bleedings and may  be sub-classified according to severity
nto life threatening or non-life-threatening (Table 1). Clinically
elevant non-major bleeding is any clinically overt bleeding that
oes not meet the criteria for major bleeding but requires medical
ttention (e.g.: hospitalization, medical treatment) or a change in
ntithrombotic therapy (including discontinuation or dose reduc-
ion) or is considered to have clinical consequences (Table 1). In
ddition to clinically apparent bleeding, long-term antithrombotic
herapy may  be associated with unperceived chronic gastrointesti-
al blood loss that may  result in positive fecal occult blood tests or

erropenia.
Composite bleeding endpoints of clinical interest include clin-

cally relevant bleeding (major bleeding and/or clinically relevant
on-major bleeding), non-major bleeding (clinically relevant non-
ajor bleeding or other non-major bleeding) and total bleeding

the sum of all bleeding categories).

.2. Specific aspects for advanced CKD patients

EMA  does not provide specific guidance for bleeding in advanced
KD patients, who report a higher incidence of bleeding associated
o hemostasis defects, intermittent anticoagulation or altered phar-

acokinetics of the study drug. Additionally, these patients meet
ore frequently certain severity criteria given their lower baseline

emoglobin levels, the need for specific procedures or potential for
pecific complications. Moreover, particular complications, such
s pericarditis, are more likely to become hemorrhagic in dialy-
is patients even in the absence of chronic antithrombotic therapy
10].

In addition, in advanced CKD patients, subclinical chronic
astrointestinal blood loss is more likely to result in clinically
ignificant relative ferropenia, i.e. in serum ferritin or transferrin
aturation levels that may  be considered normal in the general
opulation, but may  already be associated to higher doses of ery-
hropoiesis stimulating agents, intravenous iron or even blood
ransfusion in advanced CKD.

. Bleeding in different categories of patients

.1. Antithrombotic therapy for chronic stable angina in
dvanced CKD patients

There are rather few data related to the effectiveness and safety
f antiplatelet therapy in patients with CKD. The best data come
rom a meta-analysis [11] of 27,139 patients with CKD who par-
icipated in 50 RCTs that tested the efficacy of antiplatelet agents
mostly aspirin) for prevention of CVD. Antiplatelet therapy sig-
ificantly reduced the incidence of fatal or nonfatal myocardial

nfarction as compared with either placebo or no therapy while
lso significantly increasing the rate of major bleeding [12], with
o effect on stroke or mortality. The results were similar in patients
f all CKD stages.

However, there are significant residual uncertainties in the
se of these antiplatelet agents in CKD. First, in a recent publi-
ation, Polzin et al [13] conducted a cross-sectional study in 116
atients on permanent aspirin medication, showing that the phar-

acodynamic response to aspirin was impaired in patients with
oderate/severe CKD, independent of both gender and age. How-

ver, the extent of the clinical impact of this finding must be
ssessed by further RCTs.
esearch 129 (2018) 535–543 537

Furthermore, in a very recent publication [4], the haemor-
rhagic risk for older ( > 75 years), multiple-co-morbid patients kept
on chronic aspirin therapy has been clarified and appears to be
much greater than previously appreciated, unless adequate gastric
protection is provided. Risk of major bleeding increased steeply
with age, particularly for fatal bleeds, and was sustained during
long-term follow-up. At age 75 years or older, major upper gastroin-
testinal bleeds were mostly disabling or fatal, and outnumbered
disabling or fatal intracerebral haemorrhage (n = 45 vs. n = 18), with
an absolute risk of 9.15 (95% CI 6.67–12.24) per 1000 patient-years.
Of course, CKD is likely to be present in 33–50% of such patients,
by virtue of age, co-morbidity and medication choices, issue which
raises concern about the recommendations to routinely prescribe
PPIs [14].

Published this month, the COMPASS study [15] demonstrates a
superiority of the low dose rivaroxaban (2.5 twice) compared to
rivaroxaban 5 mg/day and aspirin 100 mg/day on a composite end
point (cardiovascular death, stroke or myocardial infarction) in a
population of patients with stable ischemic heart disease and/or
peripheral arteriopathy. The association significantly increases the
major haemorrhages. In patients with eGFR <60 ml/min/m2, the
result on the composite end-point is no different from the total
population. However, the number of patients with moderate CKD
was limited (23%), and that of patients with severe CKD (eGFR
<15 ml/min/m2) was only 1%. It is not specified whether the inci-
dence of bleeding is equal to or greater in patients with eGFR
<60 ml/min than those with eGFR> 60 ml/min. For a population
with severe CKD and severe hemorrhagic risk associated with
antiplatelet and anticoagulant therapy, this study, although inter-
esting, is not really useful, as the improvement of the outcome is
obtained at the price of a worsening of the safety profile (Table 2).

3.2. Antithrombotic treatment in advanced CKD patients with
ACS/non-STEMI

The bleeding risk of advanced CKD patients with ACS/Non-
STEMI is induced by the complex association of antiplatelet
drugs (aspirin and ticagrelor/prasugrel/clopidogrel) and anticoagu-
lants (unfractionated heparin, UFH/low molecular weight heparin,
LMWH), possibly with addition of IIb/IIIa inhibitors. Probably the
only existing section dedicated to bleeding risk assessment in the
context of antiplatelet medication is in the ESC ACS/Non-STEMI
Guidelines [16].

The current bleeding risk scores (ACUITY [17], CRUSADE [18],
ACTION [19], Mehran [20]) are based on registry retrospective
studies built on models yielded by the included patients, without
considering medication and dosages of each individual patient with
advanced CKD, ACS and bleeding (Table 3).

The CRUSADE score, with a ESC class IIb recommendation, spans
8 variables linked to the patient and none regarding treatment,
while it does not include patients with oral anticoagulant medi-
cation or conservatively treated ACS. Concurrently, present scores
are unable to quantify changes in patient treatment, such as switch-
ing from femoral to radial entry, modification of heparin dosages
or usage of NOACs [16], and they regard from the start advanced
CKD patients as bearing a high risk of bleeding (almost 10% risk of
in-hospital major bleeding).

Moreover, recent studies demonstrate the suboptimal perfor-
mance of the main bleeding risk scores in elderly patients with ACS
and suggest the addition of parameters such as patient frailty and
comorbidity for this patient population [21]. Therefore, we  sug-
gest that current risk scores should be validated on advanced CKD

patients as well, since this category of patients was significantly
underrepresented in the study populations.

Existing ESC Guidelines recommend two types of measures
regarding bleeding: risk diminishing, which is scarce and thus
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Table 2
Authors’ recommendations for different categories of CKD patients.

1. Antithrombotic therapy for chronic stable angina in advanced CKD
patients

The prescription of low-dose aspirin is probably safe in most patients with
CKD. Based on these considerations it is reasonable to recommend that
decisions about antiplatelet therapy for preventing CVD in patients with
CKD should be individualized depending upon each patient’s overall risk for
CVD and for bleeding. Of note, the 2016 European Guidelines on CVD
prevention [69] consider that patients with advanced CKD should be
classified in the ‘very high risk’ category of CVD-related mortality, which
could make prescription of low-dose aspirin mandatory in this population.
In  addition to CVD, aspirin therapy may  reduce the risk of cancer incidence.
This should also be considered in the decision about whether or not to use
aspirin in patients with CKD. This suggestion is broadly consistent with
guidelines made by the Kidney Disease Improving Global Outcomes (KDIGO)
report on the management of CKD [70].

2. Antithrombotic therapy for advanced CKD patients with ACS/non-STEMI
For the effective management of this population it is essential to design and

implement new risk scores, starting from RCTs based on patient-related
parameters, coronary and renal pathology, and medication. Moreover, a
solid assessment test for the bleeding risk of this population should also
allow for the accurate quantification of the impact of specific measures, such
as  dose adjustment or removing certain medication. It is imperative to
establish a relevant set of guidelines, with concrete measures and clear
algorithms, effective and easy to use in current practice.

3. Antithrombotic therapy in advanced CKD patients with STEMI
We  believe that due to the current lack of information, adequate scoring

system and effective Guidelines, the experts should decide on a routine
algorithm applicable for clinicians confronted with a patient with advanced
CKD and STEMI. Moreover, in the absence of an adequate assessment tool,
and on the basis of very recent research, we recommend the routine usage of
CRUSADE or ACTION score for stratification of hemorrhagic risk [71], and we
suggest that STEMI Guidelines should include at least one discussion on the
issue of bleeding in the context of advanced CKD.

4. Advanced CKD patients requiring chronic oral anticoagulation
Currently, evidence is against of the use of NOACs in patients with advanced

CKD or ESRD. For this population vitamin K inhibitors remain the only
pharmacological choice. However, the ongoing trials can provide additional
elements for the therapeutic approach in these patients.

5. Association of double antiplatelet and anticoagulant medication (“triple
therapy”)

Based on a class IIb observation from AF Guidelines (“dual therapy with any
OAC plus clopidogrel may  be considered as an alternative to initial triple
therapy in selected patients”) and the lack of evidence for advanced CKD
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patients, we  suggest that in this group double therapy (OAC + C) [72] should
be  considered from the very beginning as an alternative to triple therapy.

eflects the existing futility in this direction, and management of
cute cases. In fact, there is no clear algorithm of lowering the
leeding risk for the entire ACS population in general, and espe-
ially for CKD patients. However, we do have recommendations for
ach drug on the necessity of dose adjustment or information on
tudies supporting its usage (e.g. Table 15 from [22], Table 18 from
23], Chapter 5.8.3.1. from [16]). One specific category on which
here is also very little information (Table 12 and Chapter 5.5.6. in

16]) is the PCI-related bleeding, which accounts for a significant
ercentage of the reported cases.

The Guidelines indicate that there are insufficient safety and effi-
acy data regarding double antiplatelet therapy in advanced CKD

able 3
leeding scores in ACS: recommendations, comparisons and performance.

No. Score ESC Recommendation Ren

STEMI (@) NonSTEMI

1 CRUSADE NAa IIbB Cre
2 ACUITY – HORIZONS NAa NAb Seru
3 ACTION NAa NA Seru
4 Mehran NAa NAc Seru

A: Not available. (@) No mention in ESC STEMI Guidelines for any score.
1 and 3 better than 2 in STEMI [71]. 1 predicted bleeding in STEMI even better than 1 in 

Even if ESC nonSTEMI Guidelines do not provide an indication, there is a discussion on t
Mehran tested for both STEMI and NonSTEMI [17]. 1 and 3 better than 2 and 4 in both ST
esearch 129 (2018) 535–543

patients [16]. Moreover, the ESC text leaves room for wide inter-
pretation, suggesting that “P2Y12 inhibitors should be reserved for
selected high-risk indications with bleeding risk carefully weighed”.
Unfortunately, there are no instruments for this weighing of the
bleeding risk and thus this recommendation refers strictly to the
subjective (and questionable) assessment of the physician.

Consequently, we believe that in the current framework, the
bleeding risk is viewed as an inbuilt feature of the ACS – advanced
CKD configuration, fact that determines a preconceived and math-
ematically assessed administration of drugs, leading to many
conclusions based purely on score figures, rather than on solid sci-
entific evidence. Therefore, we are compelled to ask some pertinent
questions: are we doing everything that we can to lower the bleed-
ing risk? Why  do we reach the unavoidable conclusion that the
bleeding is going to happen anyway? Do we  administer medica-
tion on the basis of mathematical models more than on the basis of
evidence from actual practice?

A recent review [24] advocates the idea of a score which would
integrate and evaluate concurrently both ischemic and bleeding
risks, with parameters derived from current ischemic risk models.
This ‘bleeding risk subscale’ would in fact tailor the most effective
and equilibrated therapy for non-STEMI patients (Table 2).

3.3. Antithrombotic therapy in advanced CKD patients with
STEMI

CKD is a risk factor for increased mortality and major bleeding
in patients undergoing primary percutaneous coronary interven-
tion (pPCI) for STEMI [25,26]. However, whether the associations
between bleeding and mortality are affected by CKD is still an unre-
solved issue. There is currently no assessment tool for the bleeding
risk in patients with CKD and STEMI, and no recommendations in
the ESC STEMI Guidelines. The only chapter on risk assessment is
about the moment of discharge from the hospital, where there is
no mentioning of bleeding risk or assessment score.

Nevertheless, there is some information in the Guidelines on
the impact of antithrombotic medication in the context of CKD
and STEMI, without particularization for advanced stages. Thus,
there is a class I recommendation considering that impaired kid-
ney function increases risk of major bleeding and requires special
attention regarding anticoagulant and antiplatelet therapy [23],
while the bleeding risk is cited in correlation with antithrombotic
overdosing [27]; there is also a table with recommendations for
initial antithrombotic dose adjustments. Moreover, the ESC STEMI
guidelines mention the existing gap in evidence on the increased
bleeding risk related to dual and triple therapy.

In the literature, there are only a few data on bleeding compli-
cations of these patients [28–33]. For instance, a study including

31,709 advanced CKD and dialysis patients from the US Renal Data
System and Third National Registry of Myocardial Infarction found
that rates of in-hospital bleeding were significantly higher for this
population [28].

al parameters Performance (C-statistic) References

atinine clearance 0.70–0.75 (“modest
model performance”)

[16,18,20,71,73,74]
m creatinine [16,71,74]
m creatinine [20,71,74,75]
m creatinine [17,20]

NonSTEMI [73].
he reasonable predictive value of ACUITY for ACS patients [16]
EMI and NonSTEMI [20,74].
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In the Acute Coronary Treatment and Intervention Outcomes
etwork registry of STEMI and Non-STEMI patients, CKD was
resent in 42.9% of patients with Non-STEMI and 30.5% with
TEMI, respectively [29]. Patients with advanced CKD had higher
ates of major bleeding, while stage 5 CKD patients had a 55.6%
ate of IIb/IIIa inhibitor overdosing, regardless of whether STEMI
r Non-STEMI. In a Taiwan nation-wide registry, with 2819 ACS
atients enrolled, 53 (1.88%) and 949 (33.7%) patients suffered
rom in-hospital bleeding and CKD, respectively [30]. The authors
nderlined that in-hospital bleeding and CKD might have addi-
ively detrimental effect on the cardiovascular outcome. Finally,
n a retrospective analysis of data from the Polish Registry of
cute Coronary Syndromes (PL-ACS), 26% of the 11,417 patients
ith STEMI had CKD [31]. In this group, there was  a higher inci-
ence of death (p < 0.001), recurrent MI  (p = 0.003), cerebral stroke
p < 0.001), and major bleeding (p < 0.001).

As reported by Kikkert et al [32] CKD patients are particu-
arly at high risk of markedly high aPTTs and bleeding when bolus
FH doses in excess of 130 IU/kg are used, and they display a
ore persistent aPTT prolongation after repeated UFH boluses.

herefore, advanced CKD may  be an independent predictor of
PTT prolongation, due to several possible explanations, such as
educed plasma protein binding causing an increase in free con-
entration of UFH and of free drugs. Furthermore, accumulation
f heparin and its anticoagulant properties could also occur due
o the impaired function of the reticuloendothelial system and

acrophages responsible for clearance of high doses of UFH.
Increased risk of bleeding in CKD may  also be related to intrinsic

latelet dysfunction, abnormal platelet-vessel-wall interactions,
nd anemia as well as excessive dosing of medications in patients
ith CKD. However, as it was shown previously, a 600-mg loading
ose of clopidogrel was not effective in reducing 1- and 12-month
ajor adverse cardiac events in CKD patients who  underwent pPCI

or STEMI when compared with 300 mg  of clopidogrel, but the lat-
er dose did not increase the in-hospital major bleeding rate [33]
Table 2).

.4. Advanced CKD patients requiring chronic oral
nticoagulation

Patients with atrial fibrillation (AF) and thromboembolic score
CHA2DS2-VASc) ≥2, mechanical prosthetic valves or recurrent
eep venous thrombosis require chronic oral anticoagulation
OAC). The majority of this population consists of patients with AF
nd for whom ESC Guidelines recommend anticoagulant therapy
ased on thromboembolic risk [34].

There is very strong evidence showing increased bleeding asso-
iated with anticoagulant drugs in CKD and end stage renal disease
ESRD) patients. Data from several studies including patients tak-
ng OAC for the prevention of HD access thrombosis pointed out
hat warfarin use, both full and low-intensity, was associated with

 two-fold increase of bleeding risk compared with no warfarin or
ubcutaneous heparin [35,36].

Reduced kidney function is associated with an increased risk of
ajor bleeding among older adults with AF starting warfarin, most

ronounced during the first 30 days of treatment [37]. NOACs are
ssociated with a reduced risk of major bleeding and hemorrhagic
troke compared to warfarin in subjects with mild or moderate
enal impairment [38]. However, the use of NOACs in ESRD patients
s associated with a higher risk of hospitalization or death from
leeding when compared with warfarin [39].

Although there are several scores [40–42] for the assessment of

he bleeding risk in patients on OAC, the only one that seems to have
n adequate predictive power in patients with advanced CKD [43]
s the HAS-BLED score, currently recommended by ESC Guidelines
or hemorrhagic risk stratification as well.
esearch 129 (2018) 535–543 539

In patients taking warfarin, ESC Guidelines advise to keep the
INR between 2 and 3 to ensure anticoagulant efficacy with reduced
risk of hemorrhagic episodes. They also indicate that presence of
high hemorrhagic risk is not considered a reason to deny the OAC
to a patient if there is an indication, and the recommendation is to
identify hemorrhagic risk factors and, whenever possible, to modify
them [44]. Although CKD is associated with low time in thera-
peutic range (TTR) despite comparable INR monitoring intensity
[45], bleeding episodes are inversely correlated to TTR [43], even in
advanced stages of CKD.

The 2016 ESC AF guidelines discourage the use of NOACs in
the setting of severe CKD, since there are no published studies
addressing this subject. However, there is an ongoing observa-
tional prospective study aimed at assessing the efficacy and safety
of rivaroxaban 15 mg  once daily in patients with eGFR between
15 and 49 ml/min/1.73m2 (XARENO, NCT02663076). Moreover,
there are two ongoing prospective, randomized trials assess-
ing the safety of apixaban versus warfarin in patients with AF
and ESRD on hemodialysis (AXADIA NCT02933697 and RENAL-AF
NCT02942407), which will provide us with important information
on the use of NOACs in patients with advanced CKD and on replace-
ment renal therapy (Table 2).

3.5. Association of double antiplatelet and anticoagulant
medication (“triple therapy”) in advanced CKD patients

Triple therapy has ESC class IIa recommendation for patients
with AF and PCI in acute or elective cases [44]. It defines the therapy
involving OAC, aspirin and clopidogrel, mentioned both in AF and
Non-STEMI Guidelines [16].

This treatment has a specific algorithm which starts at the time
of the PCI and implies gradual removal of antiplatelet medica-
tion after a period of minimum one and maximum 6 months of
triple association, according to the level of the bleeding risk and to
acute/elective setting. The OAC medication is to be maintained per-
manently (class I recommendation) [44]. Although at a first glance
it is based on a rather simplistic reason (i.e. OAC in AF and double
antiplatelet in PCI), this particular association of drugs is founded
on hard evidence – usage of antiplatelet therapy does not lower
stroke risk in AF (actually, it increases the bleeding risk [46]), while
OAC do not impede stent thrombosis [47].

Importantly, the association between OAC and antiplatelet med-
ication increases the absolute risk of major bleeding in all patients
[48,49]. Unfortunately, there is no dedicated score for this ther-
apy. The only existing functional assessment tool is the HAS-BLED
score, while CRUSADE and ACUITY do not have predictive value on
patients with OAC medication [16].

For the advanced CKD patient on OAC requiring double
antiplatelet therapy, the HAS-BLED score starts already from a value
of 4 points (Table 4), and if we add one single variable, such as age
over 65, the (already) high risk for major bleeding increases signif-
icantly (4 points – 8.7 bleeds per 100 patient-years vs. 5 points –
12.5 bleeds per 100 patient-years) [41]. Moreover, we believe that
HAS-BLED score is not refined enough and the binary stratification,
in low or high levels should be further enhanced, in order to reflect
various contexts and situations.

There are no RCTs on the usage of lifelong OAC therapy for ESRD
patients, and also no RCTs for NOACs usage in advanced CKD. Guide-
lines recommend NOACs only in mild to moderate CKD, and support
their benefits as opposed to warfarin [44]. Furthermore, the Guide-
lines recommend only clopidogrel alongside OAC and aspirin since
there is no evidence on ticagrelor and prasugrel and there is a high

risk for major bleeding [50,51].

There is only one study on CKD patients investigating the usage
of triple antithrombotic therapy after coronary stenting, which has
found that CKD is independently associated with increased major
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Table 4
HAS-BLED score calculation in advanced CKD patients with chronic atrial fibrillation and recent stent implantation [41,76–78].
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leeding and all-causes of mortality. Manzano-Fernandez et al [52]
ncluded 166 consecutive patients with indications for OAC after
ndergoing PCI, and found that triple antithrombotic therapy (HR,
.29, 95% CI, 1.15–6.56; p = 0.023) was an independent predictor for
ajor bleeding.
A post-hoc analysis of RE-LY trial comparing the safety of dabi-

atran with warfarin in subgroups of patients with and without
oncomitant antiplatelet treatment showed a significant increase
isk of major bleeding in patients taking triple therapy compared
ith patients taking OAC only or OAC plus single antiplatelet [53].
owever, a recent RCT demonstrated that a low dose of rivaroxaban

s safer than warfarin when associated with two antiplatelet drugs
n post-MI patients. In this study, about 30% of patients had eGFR
etween 60 and 30 ml/min and 1% of them had eGFR <30 ml/min
54] (Table 2).

. New methods to reduce bleeding in patients with
hronic kidney disease

.1. Interventional left atrial appendage closure in advanced CKD
atients with AF

An experimental procedure consisting in the anatomical exclu-
ion of the site of thrombus formation with percutaneous left atrial
ppendage occlusion (LAAO) [55,56] could have similar efficacy
nd safety profile in patients with or without advanced CKD [57]
nd represents a future alternative to OAT for stroke prevention in
atients with advanced CKD and AF.

The ESC indication for percutaneous LAAO (Class IIb recom-
endation [58]) is not (yet) so strong (“in patients with a high

troke risk and contraindications for long-term oral anticoagulation”)

ecause RCTs comparing LAAO vs warfarin have been performed
n populations that did not have a contraindication to OAC, while
he populations most likely to benefit from LAAO, i.e. patients
ith high hemorrhagic risk like those with severe CKD, were
excluded from the trials. According to the European Heart Rhythm
Association (EHRA) Survey [59], patients at high thrombo-embolic
risk (CHA2DS2-VASc ≥ 2), increased risk of bleeding, and ESRD are
selected for LAAO. In the registry data, Kefer et al. [57] showed sim-
ilar reduction of stroke and TIA rate as also bleeding rate relative
to expected annual risk and safety among patients with CKD com-
pared to patients with normal renal function. However, a recent
report by Kaneko et al. [60] stated that CKD (100% vs. 43%, p = 0.024)
and deep implantation of the device, which was defined as implant
position below the LAA ostial plane (75 vs.  24%, p = 0.026), were
significantly higher in patients with device-related thrombus.

Nevertheless, it should be noted that dual antiplatelet therapy
(also associated with increased risk of bleeding) is indicated after
the procedure. Its duration has not been clearly defined (from 1
to 6 months) [61]. An open, randomized, controlled, multicenter
clinical investigation (WatchAFIB NCT02039167) aims to evaluate
in patients with advanced CKD the efficiency of the procedure as
opposed to OAT and will bring direct evidence from this population.

4.2. No-heparin hemodialysis (NH-HD) treatment

Regional anticoagulation or tight heparinization are not con-
fidently safe for patients with active bleeding or those at risk
of bleeding. Various solutions have been attempted to prevent
clotting of the extracorporeal circuit. No-heparin infusion using
regular saline flushes is one of the methods of choice. Alternatively,
regional citrate anticoagulation (RCA) can be used. Both methods
are currently recommended by the 2002 European Best Practice
Guidelines for hemodialysis) [62] although the level of evidence is
weak [63].

No-heparin hemodialysis (NH-HD) treatment with predilution

is a procedure used in some dialysis facilities for prevention of
clotting in the extracorporeal circuit. However, fluid infusion is far
from optimal because of the increased volume load that has to be
removed during dialysis session, and implies an additional logistic
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urden for healthcare staff [64]. Another alternative for NH-HD is
o bind heparin on the blood side of the dialyzer membrane (i.e. a
eparin-grafted membrane (HGM)).

An international RCT [64] evaluated the NH-HD treatment
ptions of an HGM and standard of care (defined by the usual proce-
ure in place at each study site (i.e., saline flushes or predilution) for
51 patients with end-stage renal disease requiring a NH-HD (being
t high (68.1%) or very high (11.6%) bleeding risk, none being criti-
ally ill). The trial showed a statistically significant non-inferiority
f HGM over the controls (primary outcome). Moreover, the success
ate in the HGM group was 20% higher, with a very small number
n = 5) of patients needed to treat to avoid one failure. Remarkably,
he failure rate of current standard of care practices was high (50%),
mphasizing the need for technical improvements.

Recently, in a prospective, multi-centered, RCT it has been
hown that new type of dialyser with hydrophilic properties
Hydrolink

®
, NV series; Toray) displayed anti-thrombogenic effects

s compared to conventional dialyzers [65]. More patients in the
tudy group reached heparin-free dialysis without clotting events
uring the heparin reduction test.

.3. Radial percutaneous approach versus femoral approach

Both ESC STEMI and Non-STEMI Guidelines advocate usage of
adial approach aiming to lower bleeding risk [66,67]. In the frail
nd unstable context of advanced CKD, further burdened by various
ardiovascular issues, this is a procedure, which reduces signifi-
antly the rate of adverse events and mortality, by lowering the
ncidence of vascular bleeding complications. Although it is usually
voided, due to the role played by the radial artery in A-V bypass
nd HD, it is not an absolute contraindication, given the impact on
he potentially fatal risk of vascular complications [68].

. Conclusion

Patients with advanced CKD are a largely understudied popula-
ion in the setting of CVD, and their high susceptibility to bleeding
equires accurate assessment and customized therapy algorithms,
one of which are currently available. The authors of this research
elieve that carefully designed RCTs are achievable and should be

nitiated as soon as possible, in order to provide the clinician with
 clear set of measures and a distinct trajectory in the exploration
nd balancing of bleeding and thrombosis risks. The diversity of
he clinical scenarios discussed above shed light on the extreme
omplexity of this matter and also on the absence of solid scientific
vidence.
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