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SUMMARY
The frequent comorbidity of atrial fibrillation (AF) and chronic 

kidney disease (CKD) in the general population is demonstrated in 
many epidemiological studies. Most patients with an established 
diagnosis of AF are recommended to use constant anticoagulant 
therapy (ACT) to prevent ischemic stroke and thromboembolic 
complications (TEC). With renal dysfunction, changes in the 
hemostatic system are observed at all stages of CKD, both 
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related to an increase in prothrombogenic activity as well as to 
development of coagulopathy, which increases the threat of 
bleeding. Therefore, in patients with CKD and AF, an important 
aspect of ACT is the choice of the optimal anticoagulant, that will 
provide a balance between the risks of stroke and hemorrhagic 
complications, to which this article is dedicated.
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anticoagulants, warfarin-induced nephropathy, dabigatran

The prevalence of atrial fibrillation (AF) in patients with terminal 
chronic kidney disease (CKD) is high, reaching 27% in patients on 
prolonged hemodialysis [1-3]. Advanced CKD is also interrelated 
with AF [4, 5]. Besides, CKD is often established in a concomitant 
diagnosis in patients with AF [6]. Renal dysfunction triggers a 
complex of pathophysiological reactions involving both hypo- as 
well as hypercoagulation [7]. There is a close connection between 
CKD and hemorrhagic complications caused by anticoagulant 
therapy (ACT). As a consequence, severe CKD is considered as a 
predictor of ACT-associated bleeding in many risk scales [8-13]. 
On the other hand, patients with AF in the presence of CKD in 
severe and even moderate stages are characterized by a higher 
risk of ischemic stroke and thromboembolic complications (TEC) 
compared to those with normal renal function [14, 15]. This article 
is devoted to the choice of oral anticoagulant (OAC) in patients 
with AF in combination with CKD.

Prevalence of chronic kidney disease and atrial fibrillation

The prevalence of CKD in the general population increases 
with age [16], and the development of CKD in patients increases 
morbidity and mortality [14]. 

In a number of population studies, it was shown that the 
prevalence of AF increases in proportion to the impairment 
of renal function [4, 5, 17]. For example, in the CRIC study (n 
= 3267), the prevalence of AF as a whole was 18%, and when 
comparing subgroups in patients with a glomerular filtration rate 
(GFR) <45, AF was 4.4% more likely than in individuals with a 
glomerular rate filtration (GFR) ≥45 ml/min (p <0.001) [5]. In the 
large Japanese study (n = 41417), depending on the upper, middle, 
or lower tertile of the glomerular filtration rate, the prevalence of 
AF was 0.9%, 1.2%, and 2.8%, respectively [17]. In the REGARDS 
study, which included 26917 patients with documented on an 
electrocardiogram (ECG) AF, the prevalence of cardiac arrhythmia 
was 1% in individuals without CKD, 2.8% in patients with CKD of 
1-2 stages, 2.7% in CKD of Stage 3, 4.2% in CKD of stage 3, the
odds ratio (OR) of AF development adjusted for age, race and sex
was 2.67 (95% confidence interval [CI] 2.04-3.48), 1.68 (95% CI,
1.26-2, 24) and 3.52 (95% CI 1.73-7.15), respectively [4].

Albuminuria, as an indicator of kidney dysfunction, is also 
associated with an increased risk of AF development [18, 19]. In 
the work of McManus D. and co-authors, including 965 patients 
with ischemic heart disease (IHD), the ratio of albumin / creatinine 
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(A/С) in urine >15 mg / g increased the prevalence of AF by 4.6 
times in comparison with the ratio (A/С) <7 mg / g [18]. In the 
Dutch study (n = 7546) in patients with microalbuminuria, the 
prevalence of AF was almost 2 times higher (relative risk [RR] 
1.93, 95% CI 1.10-3.37, p <0.05) [19]. 

Although most of the studies that studied AF and CKD had a 
cross-sectional design, similar results were obtained in the 
longitudinal design of the study. In the Niigata study (n = 223877, 
average age 61 y.o.) during 6-year follow-up period, AF developed 
in 2947 (1.3%) patients, and the adjusted frequency of AF was 
2.2 with GFR ≥60 ml/min and 5, 2 per 1000 man-years with GFR 
<60 ml/min (RR 1.38, 95% CI 1.14-1.66, p<0.001) [20]. The 
risk of developing of AF increased with a lower initial GFR, and 
this relationship was maintained even after patients with AH and 
diabetes mellitus (DM) were excluded from the analysis. 

In the ARIC study (n = 10328), in which the observation period 
was 10 years, the beginning of AF de novo was observed in 
788 (7.6%) patients [21]. After adjusting traditional risk factors 
including age, systolic blood pressure (SBP), body mass index, 
diabetes, compared with those without kidney dysfunction, the 
relative risk (RR) of AF development in CKD of 2, 3 and 4 stages 
was 1.29 (95% CI 1.05-1.58), 1.70 (95% CI 1.31-2.20), and 3.41 
(95% CI 2.18-5.32), respectively [21]. In addition, the frequency of 
AF increased proportionally to the growth of albuminuria, reaching 
5.8, 14.6 and 26.6 cases per 1000 man-years with an (A/С) ratio in 
urine <30, 30-299 and> 300, respectively (p <0,0001). 

Albuminuria in combination with a decreased GFR increases the 
risk of AF. In the above-mentioned REGARDS study, albuminuria 
increased the odds ratio (OR) of AF development in subgroups 
with GFR> 60 and 30-59 ml/min, respectively, by 1.5 and 2.5 
times, respectively [4]. Similarly, the frequency of AF increased 
with lower GFR for each stratum of the (A/С) ratio in the urine in 
the ARIC study [21]. For example, in patients with an (A/С) ratio 
of 30-299 mg / g, the frequency of AF increased from 8 to 30% as 
the GFR decreased from> 90 to 15-29 ml/min. 

Prevalence of AF is usually higher in patients with severe CKD 
requiring hemodialysis, and ranges from 5 to 27%, depending on 
the duration of dialysis therapy, associated risk factors, and the 
clinical version of AF [22, 23]. According to the reports of the 
US National Database USRSD in patients on hemodialysis, the 
prevalence of AF increased from 3.5% in 1992 to 10.7% in 2006, 
which partly can be explained by the aging of the population, and 
therefore the proportion of patients ≥85 years for this time interval 
increased from 10 to 22.5% [23]. In addition, the mortality rate 
among patients receiving dialysis therapy, in the presence of AF 
increases by 2 times. 

Thus, the prevalence of AF is higher in patients with, than without 
CKD. The increased risk of AF developing is associated with a 
decrease in GFR and the severity of albuminuria accompanying the 
development of CKD. The beginning of AF worsens the prognosis 
of patients with terminal CKD.

The effect of chronic kidney disease and atrial fibrillation on 
morbidity and mortality

Due to the close relationship of AF with structural pathology of 
the heart, the effect of the first on morbidity and mortality is not 
always clearly traced, because in a number of clinical situations 
it is difficult to determine whether the complication is caused by 
AF or by severe cardiac remodeling and arrhythmia , associated 
with it. 

In comparison with GFR >59, in patients with GFR 45-59 ml/
min, the adjusted relative risk (RR) of death is 1.2 times higher 

and the relative risk (RR) of hospitalization increases by 1.1 times, 
which increases with GFR <15 ml/min up to 5.9 and 3.1 times, 
respectively [24]. Analysis of the USRSD database showed that 
in patients with terminal CKD, the annual mortality rate is 5% 
with documented AF and only 2% in the absence of arrhythmia 
[14]. Three-year mortality in patients with terminal CKD who are 
hospitalized for AF is also significantly higher than in the control 
group (53 vs. 45%) [25]. Besides, in one single-center study 
with longitudinal design (n = 149), the death rate over the 4-year 
follow-up period in patients with terminal CKD and AF was even 
worse: 81 versus 29% in individuals without arrhythmia [26]. In 
the REPOSI study, it was shown that in patients with AF, higher 
values of calculated GFR were associated with a lower risk of 
hospital mortality (RR 0.96, 95% CI 0.94-0.99, P = 0.011), as 
well as of three-month mortality after discharge (RR 0.97, 95% CI 
0.94-1.00, p = 0.038) [27]. 

Studies on the effect of AF on the mortality of patients with CKD 
of less severe stages than the terminal stage are not available, 
therefore, even without considering whether AF is an independent 
predictor or only a risk factor for death, clinicians should clearly 
understand the consequences of this arrhythmia in patients with 
CKD, associated with a significant increase in morbidity and 
mortality.

Risk of stroke in patients with chronic kidney disease and atrial 
fibrillation

Stroke and systemic thromboembolism are serious 
complications of AF, and some studies have demonstrated an 
increased risk of stroke and thromboembolic complications 
(TEC) in patients with CKD receiving dialysis therapy in case of 
beginning of AF [28-30], although other studies have shown no 
such correlation [16, 31]. 

In a retrospective ATRIA study (n = 10,908) in patients with AF, 
proteinuria increased the risk of thromboembolic complications 
(TEC) by 54%, and the progressive deterioration of GFR was 
associated with an increased risk of stroke in such a way that 
in patients with GFR <45 ml/min the risk of stroke was higher by 
39% than in individuals with normal renal function [32]. 

Bonde A. and co-authors studied the relationship between CKD 
and risk of TEC depending of the index on the scale CHA2DS2VASc 
in patients with AF included in the Danish registry, as well as the 
clinical efficacy of ACT-produced warfarin. Out of 154229 patients 
with non-valvular AF, 11188 (7.2%) of patients had nonterminal 
CKD, and 1728 (1.1%) – terminal CKD, for which they received 
hemodialysis, pertonal dialysis, or renal transplantation was 
performed [33]. In patients with AF and terminal CKD, who had 
an index on the scale CHA2DS2VASc ≥2, warfarin significantly 
reduced the relative risk (RR) of death from all causes by 15% 
(95% confidence interval [CI] 0.72-0.99). In the group of patients 
with non-terminal CKD and index on the scale CHA2DS2VASc ≥2, 
warfarin reduced the relative risk (RR) of the combined endpoint, 
including fatal stroke and fatal bleeding by 29% (95% CI 0.57-
0.88), relative risk (RR) of cardiovascular death - by 20% (95% CI 
0.74-0.88), and death from all causes by 36% (95% CI 0.60-0.69) 
[33]. 

A combined analysis of three randomized clinical SPAF studies 
revealed an association between renal dysfunction and TEC in 
patients with AF who do not take warfarin. After 2 years of follow-
up, the incidence of the combined endpoint, including stroke and 
TEC, was higher when comparing individuals with and without 
CKD (9.2 versus 4.1%, p = 0.004) [34]. In a small one-center 
study involving 387 patients with AF, it was shown that CKD was 
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associated with an increased risk of stroke regardless of the initial 
index on the CHADS2 scale [35]. 

In patients with a risk of thromboembolic complications on the 
CHADS2 = 6 scale, the annual stroke rate is 18.2% [36], but in 
the absence of all risk factors for this scale in a random sample 
of patients with AF and terminal CKD, stroke rates range from 
17, 4 to 24% per year [8, 26]. Therefore, the CHADS2 scale may 
underestimate the risk of stroke and TEC in patients with CKD. 

On the other hand, the results of some studies show that AF 
increases the risk of stroke and TEC in patients with CKD. In the 
DOPPS study, patients with terminal CKD with AF had an increase 
in the relative risk (RR) of stroke or cerebrovascular events by 
28% (95% CI 1.01-1.62, p = 0.048) [37]. In a study of Vazquez 
E. and co-authors, in which 256 patients with terminal CKD on 
hemodialysis were observed for 4 years, AF was originally in 
31 patients, and in 28 cases the arrhythmia developed during 
the 2-year follow-up period. In total, AF increased the risk of 
death by 1.7 times, and the risk of stroke - by 9.8 times [29]. In 
another longitudinal clinical study, which observed 488 patients 
on prolonged hemodialysis, in the presence of AF, mortality was 
higher by 21% [38]. 

Guo Y. and co-authors showed that in individuals with AF and 
GFR <60 ml/min, a subsequent deterioration in renal function 
was associated with an increased risk of serious clinical events 
[39]. Thus, an absolute or relative decrease in GFR ≥25 ml/min 
increased the risk of stroke by more than 2 times compared to 
those in whom the kidney function was stable for 6 months of 
follow-up. 

Some authors have shown in their studies that GFR can not 
only be an independent predictor of mortality in stroke [40], but 
also predict unfavorable clinical outcomes in patients after stroke, 
such as increased neurological deficit, poor functional recovery 
[41, 42]. 

In total, the obtained data allow us to say that in patients with AF, 
renal dysfunction increases the risk of TEC, which is associated 
with changes in the coagulation system and platelet dysfunction 
in CKD, accompanied by an increase in both venous and arterial 
thrombosis [43].

The use of warfarin in patients with atrial fibrillation and chronic 
kidney disease

Current recommendations for the prevention of stroke and 
thromboembolic complications (TEO) are based on the conclusions 
of prospective cohort studies and suggest extrapolation of their 
results to the general population of patients with AF, while the 
evidence base for the efficacy of ACT in individuals with severe 
renal dysfunction is not sufficient. GFR <30 ml/min was the 
criterion for excluding patients from randomized studies. However, 
the administration of oral anticoagulants, especially warfarin, in 
patients with advanced CKD varies from 2% in Germany to 37% in 
Canada [37]. This heterogeneity reflects the uncertainty between 
risk and benefit in the use of ACT in this category of patients. 

In most patients with AF, warfarin therapy is effective in reducing 
the risk of ischemic stroke and thromboembolic complications 
(TEO). However, the effect of renal dysfunction on the effects of 
warfarin in patients with AF for a long time remained unexplored. 

Abbott K. and co-authors, in a retrospective study of 3,374 
patients on hemodialysis, 123 of whom were hospitalized during 
the observation period for AF, found that cumulative mortality from 
all causes was significantly lower in patients receiving warfarin 
than in those who did not receive vitamin K antagonists (VKA) (RR 
0.36, 95% CI 0.16-0.82, p = 0.014) [25]. Olesen J. and co-authors 

in patients with AF included in the Danish registry demonstrated a 
significant reduction in the risk of thromboembolic complications 
(TEC) both in general group and in the group of patients with 
terminal CKD. When comparing patients with and without CKD, 
warfarin reduced the relative risk (RR) of stroke and TEC by 24% 
(95% CI 0.64-0.91, p = 0.003) [44]. 

However, other studies have shown that warfarin can be 
potentially dangerous in patients with terminal CKD [23, 45, 46]. 
In large observational studies in patients with CKD who are on 
hemodialysis, the administration of warfarin increased the risk of 
ischemic stroke by more than 2 times compared to those who did 
not receive VKA.

In patients with AF and nonterminal CKD, the effectiveness of 
warfarin therapy in the prevention of stroke and TEC is obvious, 
as confirmed by the results of three observational studies [44, 47, 
48]. However, in the Danish cohort study, anticoagulant therapy 
(ACT) with warfarin significantly increased the risk of bleeding by 
36%, and with the combination of warfarin and aspirin this risk 
increased up to 63% [44]. 

Vazquez E. and co-authors in 2003 within the framework of a 
single-center study, that included 29 patients with terminal CKD, 
were among the first to establish a correlation between ACT with 
warfarin and bleeding [9]. It was shown that the annual frequency 
of bleeding in patients who didn’t take oral anticoagulants was 
11%, in patients receiving disaggregants – 16%, and in patients 
receiving VKA – 26%. Out of 13 patients who received warfarin, 
10 had large bleeding, the source of which was mainly the 
gastrointestinal tract. The authors note that the international 
normalized ratio (INR) in these patients exceeded the therapeutic 
range, but none of the hemorrhagic complications was fatal. 

Limdi N. and co-authors (n = 578) evaluated the effect of the 
functional state of the kidneys on the dosing regimen of warfarin, 
the adequacy of hypocoagulation and the risk of hemorrhagic 
complications [49]. The risk of TEC related to AF was an indication 
for ACT prescription in 134 (40%) patients with GFR ≥60 ml/
min, 99 (56%) with GFR 30-50, 23 (43%) with GFR <30 ml/min. 
Patients with severe CKD received significantly lower doses of 
warfarin compared with patients with CKD of moderate and mild 
stages (3.9 [3.5-4.4] vs. 4.3 [4.0-4.6] vs. 4.8 [4.6-5.0] mg / day, 
respectively, p = 0.0002), regardless of the genotypes CYP2C9 
and VKORC1, which determine the pharmacokinetic parameters 
of warfarin metabolism. Also, the results of this work showed that 
the time of INR finding within the 2-3 therapeutic range was the 
smallest in patients with severe CKD, which increased the risk of 
hypercoagulation (INR >4, p = 0.052). The proportions of patients 
with the target INR value where GFR ≥60, GFR 30-50 and GFR 
<30 ml/min were 49.7, 45.7 and 45.6%, respectively (p = 0.049). 
Patients with severe CKD had 2-4 times higher risk (95% CI, 1.1-
5.3) of major bleeding than those with moderate and mild CKD. In 
actual clinical practice, CKD, especially in elderly patients, has an 
independent association with the rarer prescription of ACT. 

The results of the REPOSI study demonstrated the correlation 
between reduced GFR and a lower percentage of oral anticoagulant 
prescription [27]. The possibility of ACT-associated bleeding in 
AF is particularly high in patients with terminal CKD. The data 
of the Italian nephrological register of patients with AF who are 
on chronic hemodialysis showed that the index on the CHADS2 
scale is not the cause for the deployment of vitamin K antagonist 
therapy (AVK), and only the permanent form of AF serves as a 
factor having a positive correlation with the administration of 
warfarin. Therefore, less than 50% of patients with AF receives 
AVK therapy [50]. Such specific group of patients is characterized 
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by very high mortality, and AVK therapy improves their survival, 
while patients with the highest INR time in the therapeutic range 
had the lowest bleeding rate [51]. 

Despite the fact that an increased risk of bleeding often makes 
you doubt on the choice of oral anticoagulant (OAC), practitioners 
should remember that the clinical effect of ACT in reducing 
mortality and TEC exceeds the adverse risk of possible bleeding, 
especially in patients with senile asthenia, and with CKD [44].

Warfarin-induced nephropathy

The side effects associated with warfarin overdose in regard to 
renal function are well known and include hematuria, petechiae 
and ecchymosis, hemorrhagic vasculitis, interstitial nephritis [52, 
53]. In recent years, another complication of AVC , the so-called 
warfarin-associated nephropathy, has been described, which is 
an increase in creatinine> 26.5 μmol / L within a week after an 
increase in INR >3 without obvious bleeding [54]. 

In one of the first observations of acute renal injury (acute renal 
failure), there was a correlation between coagulopathy, associated 
with warfarin administration and the thinning of the glomerular 
basal membrane (MBM) with following tubular obstruction [55]. 
Later, a similar syndrome was described in a patient with inactive 
systemic lupus erythematosus, which also had a thickening 
of MBM [56]. The mechanism of the development of warfarin-
associated nephropathy in such patients includes excessive 
hypocoagulation (INR 6-9), in which patients develop pathological 
thinning or thickening of MBM, which in both cases determines 
spontaneous massive hematuria [57]. 

Brodsky S. and co-authors performed kidney biopsy in 9 
patients with CKD who had acute renal injury (acute renal failure) 
with moderate hypocoagulation (INR 4.4±0.7) and hematuria 
that exhibited severe and widespread tubular obstruction with 
erythrocyte cylinders normal or minimally altered structure of 
the glomerular apparatus [58]. That is, the glomerular hematuria 
proved during biopsy was unforeseen. Besides, in most patients 
the kidney function did not recover or improved slightly. At the 
next stage, this group of authors performed a retrospective 
analysis of the data of the 4-year nephrological program, which 
observed 103 individuals with CKD of 2-4 stages, where 49 of 
them had at least one episode of INR> 3 [59]. 

Out of 49 individuals, 18 (37%) experienced an unexpected 
increase in creatinine> 26.5 μmol / L within the week when 
INR was> 3 while taking warfarin, and this group had a more 
rapid progression of CKD [59]. Similar results were obtained 
when analyzing a more representative sample of 4006 patients 
receiving warfarin [54]. Warfarin-associated nephropathy was 
noted in 33% of patients with established CKD and in 16.5% with 
preserved renal function. The risk factors for the development of 
warfarin-associated nephropathy included age, prior CKD, arterial 
hypertension (AH), diabetes, diabetic nephropathy, and chronic 
heart failure (CHF). Patients with warfarin-associated nephropathy 
often received aspirin (35 vs 28%, p = 0.001). Five-year survival 
was significantly lower in patients with warfarin-associated 
nephropathy than in those without this complication (58 vs. 73%, 
p<0.001). The highest risk of death was in the first weeks after 
an increase in INR >3 (relative risk in the first week – 3.65, 95% 
CI 2.81-4.75), after which the relative risk (RR) progressively 
decreased, losing statistical significance after 6 months. 

Therefore, when prescribing vitamin K antagonist therapy 
(AVC), doctors should be alert for potential warfarin-associated 
acute kidney damage (CPD), which can develop in patients without 
a history of CKD and is associated with increased mortality.

Balancing between polar risks of stroke and bleeding

Patients with AF and CKD represent a specific group. Many 
pathophysiological mechanisms change with renal dysfunction 
[60, 61], which leads at all stages of CKD (but especially when 
terminal) to paradoxical shifts in the hemostasis system in the 
direction of increased prothrombogenic activity ,increasing the 
risk of TEO, as well as in the direction of coagulopathy with 
increased threat of bleeding [7, 9, 14, 26, 61]. This explains 
the high incidence of both ischemic strokes and hemorrhagic 
complications in this category of patients. In practice, the positive 
effect of oral anticoagulant therapy outweighs the risk of bleeding. 
Even in the general population of patients with AF there is a 
small zone of U-shaped distribution within the INR from 2 to 3 to 
prevent ischemic strokes and to avoid hemorrhagic events [62]. 
The optimal range of INR levels for patients with CKD remains 
unknown. 

The use of dabigatran in patients with atrial fibrillation and 
chronic kidney disease

As we know, all new oral anticoagulants (new oral 
anticoagulants) are partially eliminated by the kidneys. Sardar 
P. and co-authors published the results of a meta-analysis of 10 
large randomized phase III clinical studies that included 40693 
patients with AF and mild (GFR 50-79 ml/min) or moderate (30-
49 ml/min) renal dysfunction, and in which the effectiveness and 
safety of the new oral anticoagulants (dabigatran, rivaroxaban and 
apixaban) in comparison with warfarin were evaluated [63]. In 
patients with mild renal dysfunction, compared with warfarin, the 
new oral anticoagulants significantly reduced the risk of stroke 
and thromboembolic complications by 30% (95% CI 0.64-0.92), 
and the risk of large and clinically significant minor bleeding by 
29% (95% CI 0,72-0.90). Patients with mild renal dysfunction 
experienced a significant decrease in the risk of thromboembolic 
complications (TEC) (RR 0.72, 95% CI 0.57-0.92) with no 
difference in the safety profile (RR 0.82, 95% CI 0.59-1.14). The 
sensitivity analysis of the two dose regimens of dabigatran 150 
mg and 110 mg o 2 times a day showed comparability of the 
results with the initial studies of this drug. 

In a retrospective analysis of RE-LY study in patients with AF, 
the efficacy and safety of two doses of dabigatran (n = 6004), 
prescribed according to the instructions for use, compared 
with warfarin (n = 6022). In case of individual dose choice, 110 
mg (29% of cases) or 150 mg (71% of cases) 2 times a day, 
treatment with dabigatran was accompanied by a significant 
reduction in the risk of ischemic stroke and TEC (RR 0.74, 95% 
CI 0.60-0.91), hemorrhagic stroke (RR 0.22, 95% CI 0.11-0.44), 
death from all causes (RR 0.86, 95% CI 0.75-0.98) and death from 
vascular causes (RR 0.80, 95% CI 0.68-0.95), large bleeding (RR 
0.85, 95% CI 0.73-0.98), life-threatening large bleeding (RR 0.72, 
95% CI 0,58-0.91), intracranial bleeding (RR 0.28, 95% CI 0.17-
0.45), any bleeding (RR 0.86, 95% CI 0.81-0.92), while the risk of 
large gastrointestinal bleeding was comparable (RR 1.23, 95% CI 
0.96-1.59) [64]. 

In the subanalysis of the RE-LY study (n = 17951) according 
to pre-prescribed variables, Hijazi Z. and co-authors studied the 
frequency of clinical outcomes depending on renal function in 
patients with AF treated with dabigatran or warfarin [65]. There was 
an increase in the frequency of strokes, TEC, bleeding and deaths 
as the kidney function worsened. In comparison with warfarin, the 
incidence of ischemic strokes and TEC was lower when dabigatran 
was used at a dose of 150 mg 2 times daily and comparable 
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with dabigatran at a dose of 110 mg 2 d/day without significant 
heterogeneity in subgroups with GFR ≥80, 50-80 and GFR <50 ml/
min (p = 0.1). Dabigatran therapy at a dose of 110 mg 2 r / day was 
associated with a lower risk of major bleeding in all subgroups of 
GFR, calculated by the Cockcroft-Gault formula (p = 0.06), and was 
associated with a significant reduction in this risk (RR 0.41, 95% CI 
0.27-0.62, p = 0.0012) in patients in the subgroup with GFR ≥80 ml/
min, calculated by the formula CKD-EPI. 

With regard to dabigatran in a dosage of 150 mg 2 times a day, 
there is also no significant difference in the incidence of major 
bleeding in all GFR subclasses calculated by the Cockcroft-Gault 
formula in comparison with warfarin and a significant reduction in 
the risk of major bleeding (RR 0.59; 95% CI 0.41-0.84, p = 0.005) 
in the subgroup with GFR ≥80 ml/min calculated according to the 
formula CKD-EPI. In the RE-LY sub-study, which included 16,490 
elderly patients with AF, it was revealed that during the 30-month 
follow-up period, GFR declined more significantly with warfarin 
therapy (-3.7±0.2 ml/min) than with dabigatran therapy in a dose 
of 110 mg (-2.6±0.2 ml/min, p = 0.0009) and in a dose of 150 mg 
(-2.5±0.2 ml/min, p = 0.0002) [66]. A decrease in GFR> 25% was 
less likely for dabigatran at the dose of 110 mg (RR 0.81, 95% CI 
0.69-0.96, p = 0.017), and at the dose of 150 mg (RR 0.79, 95% 
CI 0.68-0.93, p = 0.006) compared with warfarin during more than 
18 months period of follow-up. In general, patients with AF in the 
presence of diabetes had a lower GFR level than those without 
diabetes (64.0 vs. 66.4 ml/min, p<0.0001), and a more significant 
impairment of renal function. During a 30-month follow-up, a 
reduction in GFR with concomitant diabetes was higher in patients 
taking warfarin, rather than dabigatran (p <0.005). We should note 
the association of a faster reduction in GFR with prior ACT with 
warfarin and weak control of the level of hypocoagulation (the 
time of finding INR in the therapeutic range <65%). Patients with 
excessive hypocoagulation (INR >3) on the background of taking 
warfarin also had a more pronounced decrease in GFR than those 
with a target or low (<2) level of INR. 

In one of the latest retrospective cohort studies using the 
Medicare medical database from November 2011 to December 
2013, was included 18441 patients with AF for a comparative 
evaluation of the efficacy and safety of dabigatran 150 mg 2 
times daily against rivaroxaban 20 mg once a day, dabigatran 75 
mg 2 times a day against rivaroxaban 15 mg once a day [67]. 
There were no significant differences in the incidence of ischemic 
strokes between comparison groups. Rivaroxaban 20 mg in 
comparison with dabigatran 150 mg was associated with higher 
risks of development of other TEC (RR 1.28, 95% CI 1.14-1.44), 
large bleeding (RR 1.32, 95% CI 1.17-1.50) and death (RR 1.36, 
95% CI 1.19-1.56). Risks of feasibility studies that do not include 
stroke (RR 1.37, 95% CI 1.15-1.62), large bleeding (RR 1.51, 95% 
CI 1.25-1.82), death (RR 1.21, 95% CI 1.04-1.41) with low doses 
were also higher in rivaroxaban than in dabigatran. Risks of TEC 
that do not include stroke (RR 1.37, 95% CI 1.15-1.62), large 
bleeding (RR 1.51, 95% CI 1.25-1.82), death (RR 1.21, 95% CI 
1.04-1.41) with low doses were also higher in rivaroxaban than 
in dabigatran. 

After correction by the compliance index in the optimal dose 
groups of dabigatran and rivaroxaban, the proportion of patients 
with CKD was 27%, and in safe dose groups – 52%. In the 
subgroups of patients with AF and CKD, the safety profile of 
rivaroxaban at a dose of 20 mg was less favorable than dabigatran 
150 mg for the risk of major bleeding (RR 1.34, 95% CI 1.10-
1.64), any bleeding RR 1.17, 95% CI 1.06-1.29) and death from 
all causes (RR 1.33, 95% CI 1.09-1.63), as well as rivaroxaban at 

a dose of 15 mg against dabigatran in a dose of 75 mg for the risk 
of major bleeding (RR 1.48, 95% CI 1.17-1.88) and any bleeding 
(RR 1.34, 95% CI 1.18-1.52). 

Thus, in comparison with other new oral anticoagulants, 
dabigatran is the only drug which dosing regimens have been fully 
studied using the randomization method, which makes it possible 
to use an individual approach to the choice of dabigatran dose, 
based on the efficacy / safety ratio. Patients with AF who receive 
oral anticoagulant therapy have a decrease in renal function, which 
is less obvious in in patients taking dabigatran in comparison with 
patients taking warfarin. The effectiveness of dabigatran therapy 
at a dose of 150 and 110 mg of 2 times a day does not depend 
on the level of GFR. With comparable efficacy in the prevention 
of ischemic strokes, dabigatran is superior to rivaroxaban in 
reducing the risk of other TEC, death and large bleeding, while a 
more advantageous safety profile for dabigatran in both dosages 
is retained in patients with CKD.

Discussion

The combination of renal dysfunction and AF is frequent, and 
the competitive coexistence of these two pathologies leads to a 
paradoxical increase in the risk of TEC and bleeding. 

As a parameter, severe renal dysfunction in patients with non-
valvular AF is not included in the recommended scale for assessing 
the risk of cardioembolic stroke CHA2DS2VASc, whose acronym 
stands for two major risk factors (age ≥75 years and a prior stroke), 
for each of which 2 points are scored and six small risk factors 
(CHF with systolic dysfunction, hypertension, diabetes, vascular 
disease, age 65 to 74 years, and female sex) with a score of 1 
each [68]. The last letter "c" in the acronym CHA2DS2VASc could 
be spelled out as "chronic” chronic kidney disease of a severe 
stage with an exception that the kidney function is not static and 
may worsen over time, especially in elderly patients with multiple 
comorbid pathologies and concomitant drug therapy. 

At the same time, several risk factors for stroke of CHA2DS2VASc 
scale are similar for hemorrhages, and 3 common scales of the 
risk assessment for bleeding HAS-BLED, ATRIA and ORBIT as a 
parameter include renal dysfunction [69-71]. It is important to 
note that formally the risk of bleeding was not validated in the 
population of patients with AF with CKD of 4-5 stages, so it should 
be used with caution in this category of patients. 

Focusing on the fact that patients with AF and moderate or 
severe renal dysfunction have an increased risk of both stroke 
and bleeding and lack of sufficient evidence, as patients with a 
glomerular filtration rate (GFR) <30 ml/min were not included in the 
randomized clinical studies [2], the choice of oral anticoagulants, 
providing a well-controlled hypocoagulation, is the best approach 
to their treatment. In the case of prescribing warfarin, the balance 
between the risks of stroke and bleeding is closely related to the 
quality of control of hypocoagulation, and from this position, the 
time of finding an INR, whose target level within 2.0-2.5 will be 
the most acceptable, within the therapeutic range should be more 
than 70% [72]. 

In many studies in patients with AF and CKD, warfarin therapy 
with individual dose selection has a more significant protective 
effect for strokes and TEC compared with placebo [15, 37, 39]. 
The results of randomized clinical studies have shown that in 
comparison with placebo or aspirin, ACT with warfarin reduces 
overall mortality by 26% [34]. Nevertheless, some authors identify 
factors that weaken the positive effect of warfarin, including 
the age of patients <65 years, the normal ECG, systolic arterial 
distillation <130 mm Hg, the absence of concomitant diabetes [2]. 
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In patients with AF and terminal CKD who are on hemodialysis, 
in some studies, warfarin therapy was associated with an 
increased risk of ischemic stroke. As Winkelmayer W. and co-
authors have shown, this increase in the incidence of ischemic 
strokes is rather secondary to hemorrhagic strokes and is not 
associated with thromboembolic cerebral events [23]. Another 
explanation for the increased risk of stroke among patients taking 
warfarin may be the lack of quality control of the INR level, which 
creates the background for reducing the time of finding INR within 
the therapeutic range [45]. However, further randomized studies 
are needed to fully understand such adverse effects of ACT with 
warfarin. 

Warfarin is responsible for a third of emergency hospitalizations 
associated with the development of medicinal side effects 
in patients over 65 years of age, with about half of these 
hospitalizations occurring among people older than 80 years. (73). 
One of the complications caused by AVK is warfarin associated 
nephropathy, which can develop in any patient regardless of the 
original kidney function and is associated with higher mortality 
[54]. According to Brodsky S. and co-authors, warfarin associated 
nephropathy develops in a third of patients with a history of CKD 
and in 1/6 of patients with a preserved kidney function [54]. 

The use of new anticoagulants with moderate and severe renal 
dysfunction could simplify the management of patients with AF of 
such a high risk category. A recent meta-analysis demonstrated a 
higher efficacy and safety of dabigatran, rivaroxaban and apixaban 
in comparison with warfarin in mild to moderate renal dysfunction 
[63]. However, the benefits and safety of the new anticoagulants 
require further confirmation in randomized clinical studies. 

Hijazi Z. and co-authors demonstrated the possibility of 
achieving effective and safe hypocoagulation with dabigatran in 
a comparison with ACT using the optimal dose of warfarin as 
part of a randomized study without the prescheduled reduction 
in the doses of oral anticoagulants, as was planned in the studies 
of ROCKET-AF and ARISTOTLE [74, 75]. The effect of dabigatran 
was independent of GFR level. 

The frequency of bleeding increases with the progression of 
kidney dysfunction in patients on the background of taking warfarin 
or new oral anticoagulsnts regardness of the degree and variability 
of their renal excretion [13]. The risk of bleeding in patients with 
impaired renal function is determined by many factors, including 
platelet dysfunction, endothelial dysfunction, coagulopathy, 
concomitant diseases and drug interactions [2]. In addition to 
renal dysfunction, another significant risk factor for hemorrhagic 
complications in patients with AF and CKD considered age, which is 
included in the GFR calculation formulas [76]. 

The decrease in GFR according to the formula of calculating CKD-
EPI is approximately 1 ml/min per year, although this decrease, as 
shown by Böhm M. and co-authors is more significant during the 
30-month observation period on warfarin therapy than dabigatran 
[66]. Beginning with the 6-month follow-up, exceeding the 
therapeutic range, especially in cases of excessive INR increase, 
prior AVK therapy determined a more significant decrease in 
GFR in patients receiving warfarin, compared with two doses 
of dabigatran. This can be one of the reasons to recommend 
dabigatran instead of warfarin to patients with CKD of mild and 
moderate stages. 

A more significant impairment of renal function was observed 
with concomitant diabetes, but the presence of this pathology 
did not affect the reliability of differences in the reduction of 
GFR between the warfarin and dabigatran groups. Progressive 
deterioration of kidney function is observed in elderly patients 

with AF, and this process is accelerated with diabetes [77]. In the 
study by Böhm M. and co-authors, the annual decrease in GFR 
was -1.15 ml/min in the general population of patients with AF and 
-1.71 ml/min in individuals with diabetes, which is consistent with 
the data of other authors who studied this issue in elderly age. 

An indirect comparison of the results of randomized studies RE-
LY and ROCKET-AF showed that in patients with non-valvular AF, 
dabigatran more significantly reduces the risk of stroke and TEC 
than rivaroxaban (RR 1.35, 95% CI 1.02-1.78), with no significant 
differences between the two new anticoagulants compared in the 
incidence of ischemic strokes (RR 1.33, 95% CI 0.98-1.78) and 
bleeding (RR 1.12, 95% CI 0.92-1.37) [78, 79]. n real clinical 
practice, Hernandez I. and co-authors did not find significant 
differences in the reduction in the incidence of ischemic strokes 
between dabigatran and rivaroxaban, but found a lower risk of 
hemorrhagic complications (with the exception of intracranial 
hemorrhages, the frequency of which was comparable) when 
dabigatran was administered at a dose of 150 and 75 mg 2 times 
a day, and this risk ratio between dabigatran and rivaroxaban 
persisted even in patients with CKD [67]. 

The American Food and Drug Administration (FDA) approved the 
use of dabigatran at a dose of 75 mg 2 times a day in patients with 
AF and GFR 15-30 ml/min [80]. However, these recommendations 
differ from the European recommendations [68], which limit the 
administration of dabigatran, as well as rivaroxaban and apixaban, 
with GFR <30 ml/min due to the lack of randomized studies in 
this category of patients. With moderate renal dysfunction, the 
use of a reduced dose of dabigataran 110 mg 2 times a day is 
recommended only for certain groups of patients: individuals ≥80 
y.o.; patients of 75-80 y.o. who have a high risk of bleeding (HAS-
BLED ≥3 points); individuals initially receiving verapamil [68]. 

The four-hour session of dialysis therapy eliminates 68% of the 
dose of dabigatran [81]. Therefore, on the one hand, dabigatran 
is contraindicated in patients with terminal CKD, and on the 
other hand, hemodialysis can be used in case of hemorrhagic 
complications with thrombin inhibitor, reducing the duration and 
severity of bleeding. 

Thus, due to the aging of the population and the increase in the 
proportion of elderly people, the need to treat patients with AF 
with accompanying CKD is steadily increasing in everyday clinical 
practice. In comparison with the preserved kidney function, 
patients with AF and CKD who receive ACT have an increased risk 
of stroke and bleeding regardless of the class of anticoagulants ( 
AVK or new oral anticoagulants). The efficacy of AVK in patients 
with nonterminal CKD is evident, but in comparison with warfarin, 
dabigatran provides additional clinical benefits to this group of 
patients. Prospective, randomized studies are needed to establish 
clear guidelines for ACT in patients with CKD who require dialysis 
therapy or kidney transplantation.

Conclusion

Optimization of ACT in patients with AF and CKD is a difficult 
problem, because of the presence of CKD, on the one hand, 
increases the risk of stroke and TEC, on the other hand, increases 
the risk of death and bleeding, which puts the practicing physician 
before the necessity to resolve the conflict of two polar risks. 
Anticoagulants reduce the risk of cardioembolic stroke associated 
with AF, but at the same time exacerbate the risk of bleeding, 
which, even without oral anticoagulants, is high due to renal 
dysfunction. Therefore, oral anticoagulants in patients with AF and 
CKD should meet at least two requirements: optimal efficiency and 
maximum possible safety. Warfarin has proven its effectiveness 
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in patients with AF and nonterminal CKD, but to ensure quality 
control of hypocoagulation and maintain an acceptable risk 
of bleeding, certain efforts are needed, both from the patient's 
and physician’s side. Excess hypocoagulation with AVK intake 
contains a potential threat of irreversible or partially reversible 
warfarin-associated nephropathy, which is detected in a third of 
patients with established CKD and increases mortality. 

The decrease in GFR in time in patients with AF receiving oral 
anticoagulant therapy is less pronounced in those receiving 
dabigatran compared with warfarin. For the prevention of strokes 
and TEC in patients with non-valvular AF it is recommended to use 
the optimal dose of dabigatran 150 mg 2 times daily, which showed 
best results in reducing the risk of ischemic and hemorrhagic strokes, 
as well as in improving other clinical outcomes, in comparison with 
warfarin. Taking into account the age and functional state of the 
kidneys from the clinical point of view in order to improve safety, 
it is advisable to reduce the dose of dabigatran to 110 mg 2 times 
daily in patients at high risk of bleeding. The effectiveness of 
dabigatran therapy at a dose of 150 mg and 110 mg of 2 times daily 
does not depend on the level of GFR. With comparable efficacy in 
stroke prevention, the risk of bleeding with ACT with dabigatran is 
significantly lower than with rivaroxabano, and a more beneficial 
dabigatran safety profile in both dosages is maintained in patients 
with AF with concomitant CKD.
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