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Abstract: Many patients with chronic kidney disease (CKD) receive anticoagulation or anti-
platelet therapy due to atrial fibrillation, coronary artery disease, thromboembolic disease, or
peripheral artery disease. The treatment usually includes vitamin K antagonists (VKAs) and/or
platelet aggregation inhibitors. The direct oral anticoagulants (DOAC) inhibiting factor Xa or
thrombin represent an alternative for VKAs. In patients with acute and chronic kidney disease,
caution is warranted, as DOACs can accumulate as they are partly eliminated by the kidneys.
Thus, they can potentially increase the bleeding risk in patients with CKD. In patients with an
estimated glomerular filtration rate (eGFR) above 60 mL/min, DOACSs can be used safely with
greater efficacy and safety as compared to VK As. In patients with CKD 3, DOACs are as effec-
tive as VKAs with a lower bleeding rate. The more the renal function declines, the lower is the
advantage of DOACs over VK As. Thus, use of DOACs should be avoided in patients with an
¢GFR below 30 mL/min, particularly, the compounds with a high renal elimination. Available
data suggest that DOACs can also be used safely in older patients. In this review, use of DOACs
in comparison with VK As, heparins, and heparinoids, together with special considerations in
patients with impaired renal function will be discussed.
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Introduction

Patients with chronic kidney disease (CKD) have an increased risk for bleeding and
thromboembolic complications. Uremic toxins, anemia, as well as hemodialysis (HD)
affect coagulation, platelet function, and platelet—vessel wall interaction.! The risk
for thromboembolic disease is 2.5 times increased in mild renal dysfunction, while
it is 5.5 times increased in severe renal dysfunction.? The risk for thromboembolic
diseases in patients with CKD further increases if concomitant morbidities such
as arterial thrombosis (odds ratio [OR]: 4.9), malignant tumors (OR: 5.8), surgical
procedures (OR: 14.0), or thrombophilia (OR: 4.3) are present. The incidence rate
of primary/secondary venous thrombosis is 0.7/1.2 (glomerular filtration rate [GFR]
60—-89 mL/min) and 2.0/2.5 (GFR 15-59 mL/min), as compared to 0.6/0.8 per 1000
person-years in patients without renal failure.?

The accumulation of uremic toxins during uremia itself can lead to bleeding
episodes.* Bleeding episodes occur in 24%-50% of HD patients.>” A hospital-
based analysis reported a ~2-fold increased risk of bleeding in patients with renal
failure.® The risk of bleeding related to advanced CKD (stage 4—5) further rises if
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patients receive anticoagulation therapy for the prevention
of thromboembolic events such as pulmonary embolism
or atrial fibrillation (AF) or particularly, if they receive
anticoagulants and combinations of platelet aggregation
inhibitors.’ Patients with advanced CKD (3-5) have an
increased risk for AF, leading to an increased incidence of
thromboembolic insults which occurred in 12%-72% and
in 3%—13% of patients with a creatinine clearance (CrCl)
below 60 mL/min and below 30 mL/min, respectively.'’
Thus, a moderately/severely reduced GFR is a predictor
for mortality as well as for bleeding episodes with anti-
coagulants.!®'2 Anticoagulation therapy in CKD patients
can promote bleeding episodes, as these substances can
accumulate or directly interfere with an already changed
hemostatic system.!> Anticoagulants that can accumulate
in patients with renal impairment include low-molecular-
weight heparins (LMWH), danaparoid, fondaparinux, and
direct oral anticoagulants (DOAC) such as rivaroxaban,
edoxaban, apixaban, or dabigatran (Table 1) as well as the
direct thrombin inhibitor argatroban. Thus, special consid-
eration of the renal function is warranted in patients treated
with these substances.

Anticoagulation with vitamin K
antagonists, heparins, or heparinoids
in CKDs

AF, pulmonary embolism, vascular occlusive diseases,
vascular bypasses, as well as hereditary thrombophilic
disorders (in the presence of additional risk factors) are the

Table | DOAC: in patients with advanced CKD

Dosage Comment

Direct factor Xa inhibitors

eGFR 3049 mL/min: 2x5 mg/d

If >1 additional criteria age

>80 years, body weight <60 kg,
creatinine >1.5 mg/dL: 2x2.5 mg/d
eGFR 3049 mL/min: 10 mg/d
eGFR 15-50 mL/min: 30 mg/d

Apixaban Renal elimination 27%

Rivaroxaban Renal elimination 33%

Edoxaban Renal elimination 50%,
not recommended if
eGFR <30 mL/min
Direct thrombin inhibitors

eGFR >60 mL/min: 2x150 mg/d  Not recommended
if eGFR <60 mL/min;
contraindicated if
eGFR<30 mL/min;

renal elimination 80%

Dabigatran

Note: Most data are derived from studies in patients with AF. The dosages
for patients with advanced CKD and venous thromboembolism or AF are
similar'Z\,35738,40,“.68.75.76

Abbreviations: AF, atrial fibrillation; CKD, chronic kidney disease; DOACs, direct
oral anticoagulants; eGFR, estimated glomerular filtration rate.

principal indications for anticoagulation therapy in patients
with CKD.!%15

Vitamin K antagonists (VKA) are the cornerstone of
anticoagulation therapy. A retrospective cohort study in
older patients with AF and reduced renal function revealed
that VKA significantly reduced the risk of all-cause death,
ischemic stroke, or transient ischemic attack, as compared
to no treatment.'® Treatment with VKA is associated with a
substantial bleeding risk that is also related to the reduced
renal function as described above. Therapy with VKA is more
difficult in advanced CKD patients or patients on dialysis,
as the international normalized ratio (INR) is often outside
the therapeutic range, which can be related to an underlying
vitamin K deficit as well as adherence difficulties.!”'* Another
objection to the treatment with VKA in patients with CKD
is the association of VKA with vascular calcification includ-
ing calciphylaxis (subcutaneous arteriolar calcification).!*!
Some studies also showed an increased risk for strokes and
bleeding in patients with severe renal impairment and VKA
therapy related to AF. A retrospective analysis in dialysis
patients with AF showed that treatment with warfarin was
associated with an increased rate of strokes. However, this
was dependent on INR-monitoring, as patients without an
adequate INR monitoring during the first 90 days after treat-
ment initiation had significantly increased risk for strokes as
compared to patients without warfarin treatment.?

Another report from the Dialysis Outcomes and Practice
Patterns Study data described that warfarin in patients with
dialysis and AF was associated with an increased incidence of
stroke, as compared to dialysis patients not on warfarin.” The
risk was particularly increased in patients older than 75 years.
Another analysis in dialysis patients with AF demonstrated
a 44% increased risk of bleeding with a comparable risk of
strokes in patients on warfarin, as compared to patients not
on warfarin.?* Again, interpretation of the data is difficult
as the INR levels were not reported. Altogether, therapeutic
monitoring with a stable INR within the therapeutic range
seems to be of crucial importance. Instead of considering
INR values alone, the time in the therapeutic range (TTR)
according to the calculation of Rosendaal et al should be
preferred in order to control the quality of anticoagulation
with VKA .% The TTR should be above 65%, which is difficult
to achieve in clinical routine.?

Heparins as well as heparinoids can also be used in
patients with impaired renal function. Elimination of unfrac-
tionated heparin is independent of the renal function. On the
other hand, hemorrhage, osteoporosis, or heparin-induced
thrombocytopenia may result from the treatment with
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unfractionated heparin. LMWH and heparinoids are elimi-
nated by the kidney. Thus, caution is warranted in patients
with impaired renal function.

LMWHs have the potential to accumulate in renal failure
as they depend on renal elimination and can lead to bleed-
ing complications in patients with CKD 4-5.27-2¢ Certoparin,
nadroparin, reviparin, danaparoid, and fondaparinux are not
recommended or contraindicated in patients with a GFR <30
mL/min.!° Enoxaparin, nadroparin, dalteparin, and tinzaparin
may be used with caution and dose adaptation for anticoagu-
lation during HD.

Particularly in patients with end-stage renal disease
(ESRD), the indication and the benefit risk ratio of antico-
agulation therapy, particularly with VKA, is often not clear, as
randomized controlled trials (RCTs) usually exclude patients
with ESRD. Thus, data are derived from retrospective or
registry analyses, which make it difficult to give clear recom-
mendations, particularly for patients with advanced CKD.?
It seems that in patients with a good therapeutic control and
aTTR over 75%, VKA can be safely used.*

Direct oral anticoagulants
The introduction of direct oral inhibitors of factor Xa
(apixaban, edoxaban, rivaroxaban) and thrombin (dabiga-
tran) widened the options for anticoagulation treatment.
These compounds are generally referred to as DOAC. As
these compounds are eliminated by the kidneys, caution
is warranted in patients with renal impairment (Table 1).!
Dosing relies on the estimation of GFR, which is dependent
on the formula used. Thus, also, the adjusted dose of the
DOAC in relation to the renal function differs in depen-
dence to the equation used to estimate the GFR. The dosing
recommendations of the DOAC based on the available data
are summarized in Table 1. It is clear that estimating and
monitoring of renal function is a key issue in the treatment
with DOAC. Of note, all studies on DOAC used the esti-
mated CrCl calculated by the Cockcroft—Gault formula. It
is well known that this formula results in an overestimation
of the renal function, particularly in advanced CKD with
lower GFR rates. A reclassification of the CKD patients
in the RE-LY and ARISTOTLE studies using the CKD
epi formula led to similar results in the RE-LY study with
dabigatran versus warfarin in patients with AF.*> However,
in the ARISTOTLE study, apixaban was significantly better
as compared to warfarin with respect to the prevention of
stroke and major bleeding.?*

DOACs are advantageous in reducing thromboem-
bolic events as well as bleeding episodes, as compared to

warfarin.**® An analysis of 12 articles regarding major
bleeding outcomes in patients with AF and non-ESRD on
warfarin or DOAC revealed that a composite of major bleed-
ing outcomes was reduced by 19% in patients randomized
to DOAC as compared to dose-adjusted warfarin from the
pooled data of three RCTs.* The lower bleeding risk of
DOAC as compared to warfarin was maintained until the
renal function was severely impaired.

Furthermore, the mortality also could be reduced. But
this could only be demonstrated in patients with a moder-
ately reduced renal function and after dose adaptation. The
more the renal function is impaired, the more the advantages
of DOAC seem to decline as compared to VKAs. Data in
patients with severely reduced renal function or those who
are on dialysis are scarce. Patients with a GFR <30 mL/
min were excluded from the RE-LY trial (dabigatran),**
from the ROCKET AF/J-ROCKET AF (rivaroxaban),**’
and from the ENGAGE-AF (edoxaban) trials.’® Patients
with a GFR <25 mL/min or serum creatinine >2.5 mg/mL
were excluded from the ARISTOTLE (apixaban)*® and
AVERROES (apixaban)® trials. A meta-analysis of patients
with a moderately reduced CrCl of 30-50 mL/min demon-
strated no significant differences in strokes and systemic
thromboembolism as well as recurrent thromboembolism or
thromboembolism-related death with DOAC as compared to
VKA. The risk of major bleeding or the combined endpoint
of major bleeding or clinically relevant non-major bleed-
ing was similar between the groups.*' A population-based
nested case—control study in older patients with moderate
CKD not on dialysis showed an increased risk for hemor-
rhage and that exposure to dabigatran or rivaroxaban was
not associated with a statistically significant increased risk
of major hemorrhagic events as compared to warfarin.*
A limitation of the study was that only an algorithm was
used to detect patients with CKD with missing individual
GFR estimations.

A recently published meta-analysis compared the treat-
ment with dabigatran, rivaroxaban, edoxaban, and apixaban
in ~14,000 patients with AF and moderate CKD with respect
to efficacy and safety, respectively. In this group of patients,
the use of DOAC was related to a significant reduction of
strokes and systemic embolism together with a better safety
profile with respect to major bleeding as compared to war-
farin. From a combined efficacy and safety point of view,
apixaban and edoxaban were better as compared to dabigatran
and rivaroxaban.®

So far, no outcome results of DOAC in patients with
CKD stage 4 and 5 with AF are available. Thus, clear
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evidence-based recommendations for patients with severely
reduced GFR (<30 mL/min) on dosing and the indication of
DOAC:S could not be given so far.

Direct oral factor Xa inhibitors

Apixaban

The renal elimination of apixaban is 27%, which is the
lowest among the DOACs.* It is eliminated by oxidative
metabolism, renal, and intestinal routes. In the ARIS-
TOTLE trial, patients with a serum creatinine level of
1.5 mg/dL and atrial fibrillation (AF) received a reduced
dose of 2x2.5 mg/d (standard dose 2x5 mg/d). Patients
with a GFR below 25 mL/min or a serum creatinine above
2.5 mg/dL were excluded from the study; 20% of the study
population had a CrCl >50 mL/min. Bleeding episodes
were higher in patients with moderate/severe renal impair-
ment as compared to those with a normal renal function
(from 1.5 to 3.2 per 100 patient-years for apixaban-treated
patients and from 1.8 to 6.4 per 100 patient-years for
warfarin-treated patients), but were lower with apixaban
in comparison to warfarin in patients with renal impair-
ment.* A subgroup analysis in the CKD patients of the
ARISTOTLE trial revealed that bleeding episodes and
cardiovascular events were higher with an impaired renal
function. However, apixaban reduced stroke, embolism,
and mortality more than warfarin in patients with mild/
moderate CKD.*

In the AMPLIFY trial investigating the treatment of
acute venous thromboembolism (VTE) with apixaban ver-
sus enoxaparin/warfarin, renal impairment (7% of the study
population with a CrCl <50 mL/min) was associated with
more VTE or VTE-related death and major bleeding events.*
The safety benefit of apixaban diminished in patients with
renal impairment, while the renal function did not affect the
primary efficacy.

Rivaroxaban

The liver metabolizes two-thirds of the dose of rivaroxaban
by cytochrome P450 (CYP) enzymes (CYP3A4, CYP2J2,
and CYP-independent mechanisms), of which half is elimi-
nated through the kidneys and the other half by the fecal
route. Furthermore, one-third of the dose is eliminated
by the kidneys as non-metabolized drug. The area under
the curve increased by 44% in subjects with mild renal
impairment (CrCl of 50—79 mL/min), by 52% in those with
moderate renal impairment (CrCl of 30-49 mL/min), and
by 64% in those with severe impairment (CrCl of <30 mL/
min).* Increased plasma concentrations were associated
with more potent pharmacodynamic effects including an

inhibition of factor Xa activity and prolongation of the
prothrombin time.

The ROCKET AF trial included patients with AF and
moderate renal impairment (26% of the study population
with a CrCl of 3049 mL/min) who received a dose of
15 mg/d and estimated that a 25% dose reduction would
result in a similar exposure in patients with moderate renal
impairment. In patients with moderate renal impairment,
the rates of stroke and systemic embolism were higher as
compared to those patients with a better renal function. The
primary event rate in the intention-to-treat analysis was
2.95 per 100 patient-years with rivaroxaban 15 mg/day, as
compared with 3.44 per 100 patient-years with warfarin.
Thus, rivaroxaban had no significant benefit in patients
with moderate renal failure, as compared to warfarin. Major
bleeding occurred more frequently in patients with renal
impairment among all treatment groups.*’ Rivaroxaban has
not been studied so far in patients with severe renal impair-
ment (CrCl <30 mL/min).

A meta-analysis also demonstrated that rivaroxaban and
apixaban are more effective in stroke prevention together with
a lower risk of bleeding in patients with AF and a normal to
moderately reduced GFR.*®

The EINSTEIN-DVT# and EINSTEIN-PE* studies
analyzed rivaroxaban and warfarin in patients with VTE
and deep venous thrombosis with pulmonary embolism and
a CrCl of 30—49 mL/min (8% and 10% of the study popula-
tion, respectively). The risk of recurrent thromboembolism
or thromboembolism-related death as well as the risk of
bleeding were not different in both studies.

Edoxaban

The renal elimination of edoxaban is 50%.* The HOKUSAI-
VTE trial analyzed edoxaban and warfarin in patients with
symptomatic VTE. The 30 mg once-daily dose was used in
patients with estimated CrCl of 30—50 mL/min. A trend of
a reduced rate of VTE recurrence or VTE-related death was
present in edoxaban-treated patients with a moderate reduc-
tion in GFR (3% event rate in edoxaban-treated patients
versus 5.9% for standard treatment). No difference appeared
between edoxaban and warfarin regarding bleeding events
in moderate renal impairment.>' In a phase 3, multicenter,
open-label, three parallel-group study over 12 weeks, patients
with AF and a CrCl between 15 and 30 mL/min received
edoxaban 15 mg once daily. This resulted in a similar risk of
hemorrhage and plasma concentrations, as compared to the
30 mg and 60 mg doses in patients with normal renal function
or moderate renal impairment with a CrCl >50 mL/min.>? A
phase 1, open-label, crossover study in patients on dialysis
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analyzed the pharmacokinetic profiles of edoxaban and
showed that an additional dose of edoxaban is not required
after HD if a single dose of 15 mg is administered.> Edoxa-
ban is not removed through dialysis. Hemorrhages were not
evaluated in this study. Finally, a meta-analysis demonstrated
that edoxaban is more effective in stroke prevention together
with a lower risk of bleeding in patients with AF and a normal
to moderately reduced renal function.*

Direct oral thrombin inhibitor

Dabigatran

As dabigatran is eliminated up to 80% through the kidneys,
accumulation can easily occur in patients with CKD. Its half-
life can increase from 12—17 hours in healthy individuals
to 13-23 hours in patients with moderate renal impairment
(CrCl1 30-50 mL/min) and up to 22—35 hours in those with
severe renal impairment (CrCl <30 mL/min).>* Accordingly,
an increase of the area under the curve of dabigatran of 1.5
times in patients with mild CKD to 3.2—6.3 times in patients
with moderate to severe CKD as compared to patients with
a normal renal function could be demonstrated. A further
analysis of data from the RE-LY trial, which analyzed dabi-
gatran versus warfarin in patients with AF including 24% of
the study population with a CrCl <50 mL/min, showed that
renal function had the most important effect on dabigatran
plasma concentrations.*® This increase was more pronounced
in patients receiving dabigatran 110 mg twice daily (relative
risk of 3.5 in patients with CrCl <50 mL/min compared with
patients with CrCl >80 mL/min) than in those receiving war-
farin (respective relative risk of 2.3).% Dabigatran should not
be used in patients with a GFR below 60 mL/min, although
the US Food and Drug Administration approved dabigatran
75 mg twice daily in patients with a CrCl between 15 and 30
mL/min.”” The number of patients was small for each renal
function group, and data from large-scale trials in patients
with severe renal impairment are not available. Patients with
an estimated glomerular filtration rate (¢GFR) >60 mL/min
should be monitored closely for their renal function. Dabi-
gatran can be partly removed by dialysis, as 62% (after 2
hours) and 68% (after 4 hours) of a 50 mg dose were removed
during a 4-hour dialysis session.”® Thus, dabigatran is not
recommended for anticoagulation during HD.

DOAC:s — patient selection and special
considerations

Renal function

Even in patients with mild/moderate reduction of the
GFR, caution is warranted as kidney function can decline

suddenly and rapidly due to acute kidney injury, particularly
in the elderly. Thus, regular monitoring of renal function
is mandatory in patients with CKD receiving DOAC. A
survey of the European Heart Rhythm Scientific Initia-
tives Committee showed that of 41 centers, 95.1% and
90.2% routinely evaluated renal function in AF patients
at first presentation and during follow-up, respectively.>
Advanced CKD was reassessed in 31.7% of the centers
only at >1-year intervals. The use of oral anticoagulants in
patients with mild/moderate CKD was guided by the indi-
vidual stroke risk in most patients. No therapy, or aspirin,
or left atrial appendage occlusion was used in 31% of the
centers in patients with advanced CKD and a HAS-BLED
>3, VKAs were preferred in patients with severe CKD or
under renal replacement therapy, while DOACs were used
in patients with mild CKD, and apixaban in patients with
moderate CKD.

Another fact has to be kept in mind when interpreting study
data and transfering those data into clinical practice. Many ran-
domized control trials (RCTs) used the Cockroft—Gault formula
to estimate GFR and assign the patients to the respective CKD
stages. However, in clinical practice, patients are nowadays
evaluated using the CKD epi formula in most cases. This could
lead to differences of the patients actually treated in comparison
with the studied patients.® The method used to estimate renal
function can significantly influence the administered dose,
especially in elderly patients. In a retrospective study, the use of
the Cockroft—-Gault equation instead of the abbreviated Modi-
fication of Diet in Renal Disease (MDRD) equation 4 resulted
in significantly lower estimated renal function in patients >65
years of age. Data simulation showed that MDRD would result
in a 25% higher mean dose of dabigatran.®!

Elderly patients
Elderly patients have a lower GFR as compared to younger
patients, as GFR physiologically declines with age and poten-
tial comorbidities such as arterial hypertension or diabetes
mellitus reduce GFR even more in such patients. Further-
more, distribution volume and body weight can substantially
vary as compared to younger patients. As the elimination of
DOAC depends on the GFR, particularly elderly patients are
prone to overdosing with the related safety problems. Data
on the treatment of elderly patients with DOAC are lacking
so far, particularly in those with an additional impairment
of renal function.

A subgroup analysis of the RE-LY trial in patients with AF
at risk for stroke demonstrated a higher risk for extracranial
bleeding with dabigatran as compared to warfarin in patients
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older than 75 years, while this risk was lower in patients of
age <75 years.’ The risk of intracranial bleeding was lower
as compared to warfarin, irrespective of age. But the addi-
tional effect of renal impairment on the bleeding risk was not
considered in this subgroup analysis. It should additionally
increase the risk of hemorrhage. Thus, these data cannot be
easily transferred to patients with renal failure.

Rivaroxaban was associated with more frequent stroke
or systemic embolism and major bleeding events in patients
aged >75 in the ROCKET AF study.

Apixaban led to more incidence of stroke or systemic
embolism and major bleeding events in patients aged =75
years compared with the <65 years age group in the ARIS-
TOTLE study. The increase in the bleeding rate tended to
be lower in the apixaban-treated patients compared to the
warfarin-treated patients.*

On the other hand, efficacy outcomes with respect to
stroke or systemic embolism were not affected by age in the
randomized treatment studies in patients with AF, such as the
ENGAGE AF-TIMI 48 trial.*® The situation in patients with
VTE is less clear, as the age of the participating patients was
much lower as in the AF trials. Treatment with rivaroxaban
showed a trend toward improved safety in patients aged
>75 years, according to the EINSTEIN trials.? Edoxaban
had a trend toward higher efficacy in this patient group in
the HOKUSAI-VTE trial, while its safety was not affected
by age.’! Data regarding age and renal function in both trials
are not available so far. Apixaban seems to be safe also in
patients of an age >75 years. Due to its lower renal elimina-
tion apixaban should be preferred in older patients with a
GFR between 30 and 60 mL/min.*

Monitoring and safety

A test accurately and precisely measuring the effect of
DOAC:S is not routinely available so far. The anticoagulant
effect of dabigatran can be measured using a dilute thrombin
time assay or ecarin-based assay. Calibrated chromogenic
anti-Xa assays can be used to analyze the effects of direct Xa
inhibitors.®>%* If such tests are not available, thrombin time
or activated partial thromboplastin time (APTT) can be used
with limitations for dabigatran and the INR for the assessment
of anti-Xa inhibitors. Furthermore, it is important to consider
the time since the last dose, potential drug interactions, and
also the renal and hepatic function.

So far, only idarucizumab has been approved as an
antidote against dabigatran, which can also be removed by
dialysis.® Other antidotes such as andexanet alfa, a recom-
binant factor Xa variant that binds factor Xa inhibitors but

lacks coagulant activity, as well as ciraparantag (PER977), a
universal antidote targeted at reversing factor Xa inhibitors,
are being evaluated in clinical studies at present. Moreover,
monitoring of the drug effects is also difficult and not rou-
tinely established so far.6¢¢

Drug and food interactions

DOAC:Ss have only a few pharmacokinetic interactions of mild
character with other commonly administered drugs.® Rivar-
oxaban and dabigatran are substrates of the efflux transporter
P-glycoprotein which is induced by rifampicin and inhibited
by ketoconazole and dronedarone.® Rivaroxaban and apixa-
ban are also metabolized by the CYP3A4/5 enzyme that is
inhibited by ketoconazole and ritonavir, for example.” Thus,
rivaroxaban should be avoided in patients receiving prote-
ase inhibitors or azole antifungal agents. Apixaban is also
metabolized by CYP3A/S and, to a minor part, by CYP1A2
that are inhibited by ketoconazole.”

The absorption of DOAC is also modified by coadmin-
istered substances such as proton pump inhibitors, which
reduce the bioavailability of dabigatran, for example, by
12.5%. This might be related to the increased gastric pH.%
Omeprazole does not seem to interact with rivaroxaban.”
Rivaroxaban should be taken with food, which improves its
absorption.” Caution regarding an increased bleeding risk
is warranted if either nonsteroidal anti-inflammatory drugs
(NSAIDs) or antiplatelet agents are coadministered. A pooled
analysis of the EINSTEIN-DVT and -PE studies showed an
increased risk for major bleeding events during NSAIDs use
compared with the major bleeding rate during non-use of
NSAIDs, with a hazard ratio (HR) of 2.56 (95% confidence
interval [CI] 1.21-5.39) for rivaroxaban-treated patients.™
The use of antiplatelet agents together with dabigatran was
associated with an increased risk of major bleeding. Dual
antiplatelet therapy increased the bleeding risk (HR 2.31;
95% CI 1.79-2.98) as compared to single antiplatelet therapy
(HR 1.60; 95% CI 1.42—1.82). The interaction between
NSAIDs and antiplatelet agents with apixaban is not clear so
far. Altogether, the coadministration of antiplatelet agents or
NSAIDs in patients on DOACs should be avoided if possible.

Summary

Patients with CKD often have additional cardiovascular dis-
eases such as AF, thromboembolic events, coronary artery
disease, or peripheral vascular disease. Thus, anticoagulants,
antiplatelet agents, or their combination are frequently pre-
scribed to patients with CKD. As some of these agents are
eliminated by the kidney, such agents might accumulate in
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patients with reduced renal function, leading to an increased
number of bleeding episodes. Heparin can be used safely, while
LMWH accumulate in patients with reduced renal function.
VKA are particularly used in patients with severely reduced
renal function, while DOAC should be avoided in such patients
due to their potential to accumulate with declining renal func-
tion. Moreover, the lower the renal function is, the lesser are
the benefits as compared to anticoagulation with VKA. Dose
reductions are necessary in patients with moderate reduction of
renal function. Due to lack of data, DOAC should be avoided
in patients on dialysis. Altogether, CKD patients, particularly
those with moderate to severe CKD, require a clear indication
for anticoagulation or antiplatelet therapy, an appropriate dose
adaptation if necessary, as well as a regular monitoring of their
renal function and antithrombotic therapy.
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