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Abstract
Background:This study aimed to evaluate the characteristics and clinical outcomes (major bleeding [MB] and thromboembolic events
[TEESs]) of atrial fibrillation (AF) patients with chronic kidney disease (CKD)who receiveddirect oral anticoagulant (DOAC) therapy.

Methods:Data prospectivelycollected from a single-center registry containing 2,272 patients with DOAC prescription for AF (apixaban
[n=1,014], edoxaban [n=267], rivaroxaban [n=498], and dabigatran[n=493]) were retrospectively analyzed. Patients were monitored for two
years and classified into the CKD (n=1460) andnon-CKD groups(n=812). MB and TEEs were evaluated.

Results:The mean age was 72+10 years, with the CHADS2,CHA2DS2-VASc, and HAS-BLED scores being 1.95+1.32, 3.21+1.67, and
1.89+0.96,respectively.Incidence rates of MB and TEEs were 2.3%/year and 2.1%/year, respectively. The CKD groupwasolderand had lower
body weight and higher CHADS2,CHA2DS2-VASc, and HAS-BLED scoresthanthe non-CKD group.Kaplan-Meier curve analysis revealed that
the incidence of MB and TEEs was higher in the CKD group. Multiple logistic regression analysis in the CKD group revealed thatage andstroke
history were independent determinants of TEEs, and low body weighttended to be a determinant of MB.The inappropriate low dose use was
higher for apixaban than other DOACs in the CKD group. Consequently, for apixaban, the incidence of stroke was significantly higherin the
CKD group than in the non-CKD group.

Conclusion:Patients with CKDwere characterized by factors that predisposed them to MB and TEEs, such as older age and low body weight.

In a single-center registry, only treatment with apixaban in the CKD group led to a higher incidence of TEEs.

Introduction

Atrial fibrillation (AF) represents the most frequentlyencountered
sustained arrhythmia and has a prevalence rate ranging between1.5-2%
in the general population, which increases to 10% and 18% at 80 and
85 years of age, respectively'. Direct oral anticoagulant (DOAC)
therapy obviates the need for regular laboratory monitoring of
patients by international normalized ratio testing owing to a wider
therapeutic window, allows once-daily (edoxaban, rivaroxaban) or
twice-daily (apixaban, dabigatran) administration and is associated
with minimalfood and drug interactions. Regarding safety and efficacy,
DOAC therapy has been shown to be superior to vitamin K antagonists
in patients with nonvalvular AF, though DOAC equally has the risk

of intracranial bleeding *7.
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Meticulous dose adjustments are not required for DOAC:s.
Nonetheless,considering appropriate dose selection, cut-off values
differ according to age, renal function, body weight, and interacting
drugs. Both age and chronic kidney disease (CKD)increase the risk of
stroke and bleeding during antithrombotic treatmentin patients with
AF 3, which might cause the prescription of an inappropriately low
dose. In our database of a single-center registry, 23% of patients with

AF treated with a DOAC received an inappropriate dose °.

In addition, patients with CKD are predisposed tocardiac rhythm
disorders (e.g., AF and atrialflutter) and carry an increased burden of
AF compared with those withoutCKID(10). The prevalence rate ofAF
remains high and has been estimated to range from 16% to 21% in
patients with CKD who are not dependent on dialysis" 3.

'This single-center study aimed to evaluate the current status of the
characteristics and clinical outcomesof DOAC prescription,including
the rate of appropriate dose use,amongpatients with AF and CKD.
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(A) Kaplan Meier curve for major bleeding between the chronic
kidney disease (CKD) group and the non-CKD group

The incidence of major bleeding in the CKD group was significantly
higherthan that in the non-CKD group (Logrank: p<0.01).

(B) Kaplan Meier curve for stroke/systemic emboli between the
CKD group and the non-CKD group

The incidence of stroke/systemic emboli in the CKD group was
significantly higher than that in the non-CKD group (Logrank:

Figure 1:

p<0.01).

Methods

Study population and data collection

In total,2,272 consecutive patients who were prescribed DOACs
for AF (including paroxysmal AF)between September 2011 and
January 2016 at Tachikawa General Hospital, Nagaoka, Japan, were
retrospectively analyzed. All patients in the DOAC database were
included in the analysis. However, patients with (1) valvular disease
requiring surgery, (2) prosthetic mechanical heart valve, and (3) mitral

IELICRHE The comparison between CKD group and non-CKD group

All CKD Non-CKD P value
group CKD vs
Non-CKD

N 2272 812 1460 -
Age (years) 72.3+7.2 80.816.6 67.619.9 <0.01
Male (%) 63 49 72 <0.01
Body-weight (kg) 59.4+13.1 50.6+9.7 64.3+11.5 <0.01
Ccr (mL/min) 61.6+24.2 39.3+8.4 74.2+21.2 <0.01
History
of CAD 214 (9.4) 91(11.2) 123(8.4) 0.10
of PAD 75(3.3) 23(2.8) 52(3.5) 0.41
of CHF 411 (18.1) 240(29.5) 171(11.7) <0.01
of diabetes 451(19.8) 165(20.3) 286(19.5) 0.41
of hypertension 1264 (55.6) 463(57.1) 801(54.8) 0.07
of stroke or TIA 338 (14.8) 132(16.2) 206(14.1) 0.35
of intracranial bleeding 43 (1.9) 13(1.6) 30(2.0) 0.59
of Gl bleeding 40 (1.8) 19(2.3) 21(1.4) 0.13
of anti-platelet therapy 304 (13.3) 109(15.0) 195(13.3) 0.50
Appropriate dose (%) 774 85.7 72.9 <0.01
CHADS, score <0.01

0 258 (11.3) 20(2.4) 238 (16.3)

1 683 (30.0) 128(15.8) 555 (38.0)
>2 1331(58.5) 664(81.8) 667(45.7)
Mean 1.95+1.32 2.57+1.23 1.61+1.20
CHA,DS -VASc score <0.01
0 75(3.3) 3(0.4) 72 (4.9)

1 310 (13.7) 13 (1.6) 297 (20.4)

2 414 (18.2) 74 (9.1) 340(23.3)
>3 1473 (64.8) 722(88.9) 751(51.4)
mean 3.21+1.67 4.19+1.45 2.67+1.67
HAS-BLED score <0.01

0 154 (6.8) 4(0.5) 150 (10.2)

1 599 (26.3) 15 (1.8) 584 (40.0)
>2 1519 (66.8) 793 (97.7) 726 (49.7)

mean 1.89+0.96 2.18+0.83 1.71+0.97
Any cause death 21 4.5 11 <0.01
(per 100-patient years)
Major bleeding 23 33 1.4 <0.01
(per 100-patient years)
Intracranial hemorrhage 0.3 0.2 0.3
Gastrointestinal bleeding 1.9 31 1.0
Stroke/emboli 21 3.6 1.6 <0.01
(per 100-patient years)
Ischemic strokes 1.8 3.0 1.4
TIA 0.1 0.2 0.1
Systemic emboli 0.1 0.2 0.0
Hemorrhagic stroke 0.1 0.2 0.1

Data are presented as the mean + standard deviation or n (%). Ccr, Creatinine clearance; CAD,
coronary artery disease; PAD, peripheral artery disease; CHF, congestive heart failure; TIA, transient
ischemia attack; CHADS2 score, Congestive Heart Failure, Hypertension, Age 2 75 Years, Diabetes
Mellitus, Stroke History; CHA, DS ,-VASc score, Congestive heart failure, Hypertension, Age275 years,
Diabetes Mellitus, Previous Stroke/transient ischemic attack, Vascular disease, Age 65-74 years,
Sex category;HAS-BLED score, Hypertension, Renal Disease and Liver Disease, Stroke History, Prior
Major Bleeding or Predisposition to Bleeding, Age >65, Medication Usage Predisposing to Bleeding
score

stenosis were excluded from the study.

Data on patients’ baseline characteristics including age, sex, body
weight, and renal function (creatinine clearance and creatinine levels);
history, including comorbidities; and clinical outcomes during 2-year
follow-up after DOAC prescription were collected. Furthermore,
CHADS, score, CHA DS -VASc score,and HAS-BLED score were
determined 7. The institutional database used in this study was
approved by our local ethics committee, and informed consent was
obtained from all patients.
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The comparison of CKD group and non-CKD group in each DOAC
Table 2: .
(a) Apixaban

(a) Apixaban

N

Age (years)

Male (%)

Appropitate dose (%)
Body-weight (kg)

Ccr (ml/min)

CHADS, score

CHA,DS -VASc score
HAS-BLED score

Any cause death

(per 100-patient years)
Major bleeding

(per 100-patient years)
Stroke/systemic emboli
(per 100-patient years)
(b) Edoxaban

N

Age (years)

Male (%)
Appropriate dose (%)
Body-weight (kg)
Ccr (ml/min)
CHADS, score
CHA,DS -VASc score
HAS-BLED score
Any cause death
(per 100-patient years)
Major bleeding

(per 100-patient years)

Stroke/systemic emboli (per

100-patient years)

(c): Rivaroxaban

N

Age (years)

Male (%)

Appropriate dose (%)
Body-weight (kg)

Ccr (ml/min)

CHADS, score

CHA,DS -VASc score
HAS-BLED score

Any cause death

(per 100-patient years)
Major bleeding

(per 100-patient years)
Stroke/systemic emboli

(per 100-patient years)

CKD
388 (38.3)
81.916.3
48

79.8
50.6£9.9
38.547.6
2.5741.23
4.26+1.41
2.1240.80

5.5

3.9

3.8

CKD

107 (40.0)
80.11+6.9
44

91.5
50.1+8.8
36.9+9.9
2.39+1.26
4.02+1.60
2.15+0.93

1.5

3.5
0.0

CKD

177 (35.6)
80.5+6.7
48

89.8
51.1+9.9
39.1+8.5
2.54+1.25
4.14+1.45
2.20+0.76

4.5

2.2

3.2

Non-CKD
626 (61.7)
69.619.9
71

75.2
63.0+11.4
72.2+19.2
1.62+1.27
2.77+1.62
1.75+0.98

1.9

23

1.6

Non-CKD
160 (60.0)
67.61£8.5
73

83.8
63.0£10.3
73.0£16.0
1.69+1.03
2.69+1.57
1.6710.99

0.0

1.8
1.8

Non-CKD
321 (64.4)
67.0+£10.3
75

64.2
66.2+11.5
76.0+20.4
1.61+1.10
2.65+1.42
1.75+0.99

1.0

0.6

14

P value

<0.01
<0.01
0.38

<0.01
<0.01
<0.01
<0.01
0.01

<0.01

0.21

0.03

P value

<0.01
<0.01
0.25

<0.01
<0.01
<0.01
<0.01
<0.01

0.58

0.36
0.51

P value

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

0.024

0.14

0.78

(d) Dabigatran

CKD Non-CKD P value
N 140(28.3) 353(71.7)
Age (years) 79.1+6.9 66.1+9.5 <0.01
Male (%) 54 72 <0.01
Appropriate dose (%) 93.6 72.6 <0.01
Body-weight (kg) 50.2+9.1 63.0+£10.3 <0.01
Ccr (ml/min) 40.4+7.3 77.9+26.0 <0.01
CHADS, score 2.58+1.35 1.57+1.13 <0.01
CHA,DS -VASc score 4.11+1.51 2.52+1.47 <0.01
HAS-BLED score 2.24+0.96 1.63+0.94 <0.01
Any cause death
(per 100-patient years) 0.6 0.1 0.45
Major bleeding
(per 100-patient years) 25 1.4 0.48
Stroke/systemic emboli
(per 100-patient years) 38 1.7 0.23

Data are presented as the mean + standard deviation or n (%). Ccr, Creatinine clearance; CHADS,
score, Congestive Heart Failure, Hypertension, Age 2 75 Years, Diabetes Mellitus, Stroke History;
CHA_DS,-VASc score, Congestive heart failure, Hypertension, Age275 years, Diabetes Mellitus,
Previous Stroke/transient ischemic attack, Vascular disease, Age 65-74 years, Sex category; HAS-
BLED score, Hypertension, Renal Disease and Liver Disease, Stroke History, Prior Major Bleeding or
Predisposition to Bleeding, Age >65, Medication Usage Predisposing to Bleeding score

DOAC prescriptions

Four DOAC: (apixaban [n=1,014], edoxaban [n=267], rivaroxaban
[n=498], and dabigatran [n=493]) were prescribed for AF at the
discretion of the physician. The prescription dose was basically in
accordance with themanufacturer’s label recommendations in Japan,
including thereduced dose recommendations.For apixaban, a reduced
dose is recommended for patients with at least two of the following
characteristics: age >80 years, weight <60kg, or serum creatinine level
>1.5mg/dL.For edoxaban, a reduced dose is recommended for patients
with moderate or severe renal impairment (creatinine clearance of
15-49 mL/min), patients weighing <60 kg, and patients being
concomitantly treated with interacting drugs (e.g., verapamil). For
rivaroxaban, a reduced dose is recommended for patients with moderate
renal impairment (creatinine clearance of 15-49mL/min). For
dabigatran, a reduced dose is consideredfor elderly patients aged >70
years, patients with moderate renal impairment (creatinine clearance of
30-49mL/min), patients concomitantly treated with interacting drugs
(e.g., verapamil), and patients at a high risk of bleeding. However, an
inappropriately high or low dose may similarly be prescribed based on
the doctor’s discretion. Hence, in this study, classifications of DOAC
prescriptions, including an appropriate dose and an inappropriate
high or low dose, were considered based on the manufacturer’s label
recommendations in Japan, as mentioned earlier.

Study design

In this study, patients were classified into the following two groups
according to a cut-off value of 50 mL/min for creatinine clearance at
registration: non-CKD group (n=1460) and CKD group (n=812). A
comparison of baseline characteristics, the ratio of the appropriate
dose useto the inappropriate dose use, including an inappropriate low
dose, andclinical outcomesbetween the two groupswere determinedfor
all four DOAC:s and each type of DOAC. In this study, if the types of
DOAC were changed or the DOAC was discontinued, the patients
were excluded from the cohorts but included in the data analysis.
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IELICEH The prescription among four DOACs

(a)The rate of appropriate dosing among four DOACs

Apixaban Edoxaban Rivaroxaban Dabigatran
Appropriate dose(%) 781 (77.1) 230(86.1) 364(73.0) 385(78.1)
Inappropriate dose
Low dose (%) 229 (22.5) 33 (12.4) 119 (23.9) 102 (20.7)
High dose (%) 4(0.4) 4 (1.5) 15(3.1) 6(1.2)

(b) The comparison of the rate of appropriate dosing between the CKD and non-
CKD among four DOACs

Apixaban Edoxaban Rivaroxaban Dabigatran P value
CKD (%) 79.8* 91.5 89.8 93.6 <0.01
non-CKD (%) 75.2 83.8t 64.2 72.6 <0.01
P value 0.38 0.25 <0.01 <0.01

CKD, chronic kidney disease.

*P<0.05 compared with Edoxaban, Rivaroxaban, and Dabigatran
1P<0.05 compared with Apixaban, Rivaroxaban, and Dabigatran
Clinical outcomes

'The primary outcome was stroke, including transient ischemic attacks
(TTA) and hemorrhagic stroke and systemic embolism.The main safety
outcome was major bleeding, defined using the Randomized Evaluation
of Long-Term Anticoagulant Therapy criteria >'°. Furthermore, the rate
of any cause of death was determined.

Statistical analysis

Normally distributed continuous data are presented as means *
standard deviations, whereas categorical data are expressed as counts
with percentages. Non-parametric data, such as CHADS, score,
CHA,DS,-VASc score, and HAS-BLED score, are presented as
median value (interquartile range). For all four DOAC:s, baseline
characteristics were compared usinganalysis of variance (followed by
multiple comparisons using Dunn’s method)for parametric data and the
chi-squared test for categorical data.For each type of DOAC:s, baseline
characteristics of the non-CKD and CKD groupswere compared using
Student’s t-testand Fisher’s exact test for continuous-and categorical
data, respectively. Furthermore, multivariate logistic regression was
performed to determine the predictors for major bleeding and stroke
in both non-CKD and CKD groups. Finally, we compared the clinical
outcomes between the non-CKD andCKD groups using Kaplan—
Meier event rate curves.A two-sided p-value <0.05 was considered
statistically significant for all analyses.

Results

Baseline characteristics(Table 1)

In this study, the mean age of patients was 72+10 years, with
CHADS,, CHA DS -VASc, and HAS-BLED scoresof 1.95+1.32,
3.21+1.67, and 1.89+0.96, respectively. The mean follow-up time
was 1.6 years. Overall, the incidence rates of major bleeding and
thromboembolic events were 2.3 and 2.1 per 100patient-years,
respectively.

LELICY:H Multivariate logistics analysis

A) non-CKD group

(1) A predictor for major bleeding in the non-CKD patients

Odds ratio 95% confidence interval P value
Age (years) 1.04 0.99-1.10 0.08
Male 1.46 0.48-2.57 0.43
Appropriate dose use 0.64 0.33-6.74 0.16
Body weight (kg) 0.98 0.90-1.00 0.62
Ccr (ml/min) 0.99 0.92-1.01 0.85
Antiplatelet therapy 0.82 0.30-2.97 0.70
Prior history of bleeding 2.40 0.99-5.11 0.06
Prior history of stroke 2.16 0.85-6.76 0.11
(2) A predictor for stroke/systemic emboli in the non-CKD patients

Odds ratio 95% confidence interval P value
Age (years) 1.06 1.01-1.11 0.02
Male 1.43 0.59-3.46 0.41
Appropriate dose use 0.76 0.37-1.54 0.45
Body weight (kg) 1.00 0.96-1.04 0.65
Ccr (ml/min) 0.98 0.95-1.01 0.42
Antiplatelet therapy 1.71 0.80-3.63 0.16
Prior history of bleeding 0.26 0.03-2.00 0.19
Prior history of stroke 2.77 1.15-6.73 0.02
B) CKD group
(1) A predictor for major bleeding in the CKD patients

Odds ratio 95% confidence interval P value
Age (years) 1.02 0.94-1.08 0.76
Male 141 0.48-2.57 0.80
Appropriate dose use 1.51 0.33-6.74 0.58
Body weight (kg) 0.95 0.90-1.00 0.08
Ccr (ml/min) 0.97 0.92-1.01 0.14
Antiplatelet therapy 1.06 0.38-2.97 0.90
Prior history of bleeding 0.89 0.24-3.17 0.85
Prior history of stroke 1.143 0.45-2.80 0.78
(2) A predictor for stroke/systemic emboli in the CKD patients

Odds ratio 95% confidence interval P value
Age (years) 1.08 1.01-1.16 0.02
Male 0.89 0.36-2.15 0.80
Appropriate dose use 1.23 0.33-4.59 0.75
Body weight (kg) 1.02 0.97-1.07 0.37
Ccr (ml/min) 1.00 0.95-1.05 0.87
Antiplatelet therapy 1.97 0.78-4.96 0.14
Prior history of bleeding 1.71 0.54-5.43 0.35
Prior history of stroke 2.32 1.01-5.13 0.04

Ccr, creatinine clearance.

Comparison of baseline characteristics between the non-CKD
and CKD groups for all four DOACs and for each type of

DOACs (Tables1 and 2)

Overall, the CKD group had significantly higher mean age and
CHADS2,CHA,DS -VASc, and HAS-BLED scores than the non-
CKD group. Nevertheless, body weight was significantly lowerin the
CKD groupthan in the non-CKD group. In our database of a single-
center registry, 23% of patients with AF treated with a DOAC received
an inappropriate dose.Regardingthe analysis of inappropriate dose use,
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the use of inappropriate low dose was obviously dominant compared
to the use of inappropriate high dose (94.4 vs. 5.6%) (Table 3 (a)). On
the contrary, the ratio of appropriatedose use was significantly higher in

the CKD group than in the non-CKD group (85.7 vs.72.9%, p<0.01).

However, the ratio of appropriate dose usein the CKD group was
significantly lower for apixaban than other DOACs (Table 3 (b)). In
contrast, the ratio of appropriate dose use in the non-CKD group was
significantly higher for edoxaban thanfor other DOACs. Based on the
definition of CKD in this study, creatinine clearance was significantly
lower in the CKD group than in the non-CKD group (39.3£8.4 vs.
74.2+21.2 mL/min, p<0.01).

Regardingeach type of DOAC, a similar tendency was observed in
the comparison of baseline characteristics between the CKD and non-
CKD groups—i.e., significantlyhigher values for mean age, appropriate
dose use, and CHADS,, CHA,DS -VASc, and HAS-BLED scores
in the CKD group and significantly lower body weight in the CKD
group. However, for apixaban, the ratio of appropriate dose use in the
CKD group was comparable to that in the non-CKD group (79.8
vs.75.2%, p=0.38).

Comparison of clinical outcomes between the non-CKD and
CKD groupstor all four DOACs and for each type of DOACs

(Tables 1 and 2)

Overall, the CKD group showed significantly higher incidence rates
of death from any cause, including major bleeding and stroke/systemic
embolism,than the non-CKD group (death from any cause: 4.5 vs. 1.1
per 100patient-years, p<0.01; major bleeding: 3.3 vs.1.4 per 100patient-
years, p<0.01; stroke/systemic embolism:3.6 vs. 1.6 per 100patient-
years, p<0.01). The Kaplan—Meier event rate curves indicated that major
bleeding and stroke/systemic embolism werefrequentlyobserved in the
CKD group (Figure 1). In addition, multiple logistic regression analysis
was performed inboth groups.In the CKD group, age and previous
stroke history were independent determinants of stroke/systemic
embolism, and low body weight had a tendency to be a determinant
of major bleeding (Table 4).On the contrary, in the non-CKD group,
age and prior stroke history were independent determinants of stroke/
systemic embolism, and ageand prior bleeding history tended to be
determinants of major bleeding (Table 4). Concerningeach type of
DOAC, for all DOAC:s excludingapixaban, the incidence rates of major
bleeding and stroke/systemic embolism in the non-CKD group were
comparable to those in the CKD group. In contrast, for apixaban, the
incidence rate of stroke/systemic embolism tended to be higher in the
CKD group than in the non-CKD group (3.8 vs. 1.6 per 100patient-
years, p=0.03).

Discussion

'The major findings of this study were as follows:(1) The incidence of
major bleeding and stroke/systemic embolismwas higher in patients
with CKD than in those without CKD.(2) Multivariate analyses
revealed that low body weight tended to be a predictor of major
bleeding, whereas age was a predictor of stroke/systemic embolism in
the CKD group.(3) Only patients with CKD on apixaban treatment
had a significantly higher incidence of stroke/systemic embolism than
those without CKD.

The relationship among AF, CKD, age, and body weight

Severalstudies have reported a substantial relationship amongAF,
CKD, age, and body weight 11719 ‘andolder age is associated with
the occurrence of AF 1-.CKD and AF share numerous risk factors and
conditionsthat promote their incidence. Therefore, it is established that
CKD increases the incidence of AF®* In contrast,AF elimination by
catheter ablation was associated with improvement in renal function at
1-year follow-up in patients with mild to moderate renal dysfunction
2, indicating that AF equallyaccelerates CKD progression.

Similarly, a relationship between age and CKD has been reported .
'The absolute glomerular filtration rate (GFR) value decreased with an
increase in age”. Furthermore, Japanese patients with AF are generally
small and lean?. According to a previous report, frailty in elderly
patients increased with an increase in age”. Body loss has equallybeen
defined as one of the criteria for frailty**. Thus, there seems to be a
relationship amongCKD, age, and bodyweight somewhat, and we
have to consider that AF patients with CKD tend to be olderand have
lower body weight. In this study, AF patients with CKD were older
and had lower body weight than those without, which isconsistentwith
the findings of the aforementioned studies.

Effect of CKD, age, and body weight on major bleeding and

stroke/systemic embolism in patients with AF

Several reports have described the association between renal function
and major bleeding or stroke/systemic embolism'**2, In addition,
older age is considered a predictor of major bleeding events*** and
stroke/systemic embolism**3>%. In addition, it is actually included
as one of the factors forthe CHADS , CHA DS -VASc, and HAS-
BLED scores. In this study, age was an independent predictor of stroke/
systemic embolism, agreeingwith the abovementioned finding.Low
body weight tended to be a predictor of major bleeding in this study.
Nevertheless,the relationship between body weight and major bleeding
remainsfairly controversial**’. However, several studies have described
that lean patients were at higher risk for bleeding complications **.
DOAC: seemed safer and more effective than vitamin K antagonists,
even in patients with low body weight *. However, the risk of increased
bleeding by DOACsin underweight patients has been highlighted
in previous studies**’.In summary, high age and low body weight,
which are specific characteristics of patients with CKD, may be closely
associated with an increase in major bleeding or stroke/systemic
embolism.

Several previous reports have described thata combination of
vitamin K antagonist and antiplatelet therapy is associated with a
high annual risk of fatal and non-fatal bleeding episodes ***. However,
an observational study on real-world Asian patients treated with
DOAC and antiplatelet agents showed no incremental bleeding
risk (of additional antiplatelet therapy to DOAC) in a large pooled
population®. Therefore, our study findings may be compatible with
previous results.

Use of inappropriate low dose in patients with CKD

For apixaban, the incidence of stroke was higher in AF patients with
CKD than in those without CKD in the present registry, andthis finding
might be very suggestive. The prescription of an inappropriate low dose
is often observed in the realworld. Theoretically, an inappropriate low
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dose might lead to increased safety but decreased effectiveness ..

The renal clearance ratio of apixaban is approximately 25% 2.
Asub-analysis of ARISTOTLE trial datarevealed that treatment
with apixaban led to an apparent reduction in the incidence of major
bleeding in patients with creatinine clearance <50mL/min compared
to treatment with vitamin K antagonists. Thus, apixaban prescription
might be logicallyeffective in patients with CKD. However, the use
of appropriate apixaban dose was significantly lower in the present
registry. This is probably because patients with CKDhave been reported
to be predisposed to major bleeding,as mentionedearlier; additionally,
themanufacturer’s label recommendations for the reduceddose of
apixaban (at least two of the following characteristics: age 280 years,
weight <60kg, or serum creatinine level 21.5mg/dL) are more intricate
than those for other DOAC:s. In addition, the reduced dose of apixaban
is one-half the standard dose (2.5 mg vs. 5 mg).In contrast, the reduced
dose of rivaroxaban and dabigatran approximately rangesbetween
70-75% of the standard dose (15 mg vs. 20 mg and 110mg vs.220mg,
respectively). Furthermore, the number of patients in the low-dose
DOAC groups of the ARISTOTLE trials was not sufficientenough
to establish superiority, equivalence, or non-inferiority *. Though
speculative, there might be an association between dose regimens and
medication compliance. A systemic review described that the prescribed
number of doses per day was inversely related to compliance *.

'These findings could explain the possible increase in the incidence of
stroke/systemic embolism byan inappropriate low dose of apixaban®¢.
'The difference in inappropriate low dose among the four DOACs
might have influenced the resultsof this study;nonetheless, there was
low statistical power for the evaluation of the effects of inappropriate
low dose on clinical outcomes. Therefore, future studies involving larger
populations with long-term follow-up will be needed.

Limitations

'This study has several limitations. First, although this study was
retrospective in design, data on clinical outcomes, including those
at 2-year follow-up interval, were prospectively collected from
all patients. However, propensity score matching was not adopted
because the number of patients greatly varied for the four DOAC:s.
Therefore, the impact of renal function on clinical events remains
unclear. However, themain objective of this study was to reveal the
characteristics of AF patients with CKD. Second, because this study
wasretrospective, clinical events, such as minor bleeding, might not
have beencompletelydetected. Third, the number of patients with
CKD was small. In addition, the definition of CKD involvestwo
important factors:estimated-GFR (e-GFR)and proteinuria. However,
in this study, because proteinuria data were unavailable due to the
retrospective design, and the creatinine clearanceratehas been applied
as the index of renal functionin the prescription of most DOAC:s,
thecreatinine clearance ratewas exclusively adopted in this study. The
impact of CKD on the clinical outcomes should have beenanalyzed,
considering both e-GFR and proteinuria.Fourth, in this study, CKD
was defined as a creatinine clearance of less than 50mL/min. According
to thisdefinition,all CKD patients taking dabigatran, rivaroxaban, and
edoxaban metthe appropriate low dose criteria. On the contrary, some
CKD patients taking apixaban did not meet the appropriate low dose
criteria, which may have been due to the biased protocol. However,
this study aimed to evaluate the current status of the characteristics

and clinical outcome of DOAC prescription, including the rate of use
of appropriate doses among patients with AF and CKD. Therefore,
these limitationswarrant future studies involving larger populations
with long-term follow-up.

Conclusions

Patients with CKD were characterized by factors that predisposed
them to major bleeding and thromboembolic events, such as older age
and low body weight. In a single-center registry, only treatment with
apixaban in the CKD group led toa higherincidence of thromboembolic
events, indicating the importance of the use of an appropriate dose.

Declarations
The authors declare that there is no conflict of interest.

References

1. Camm AJ, Lip GY, De Caterina R et al (2012) 2012 focused update of the ESC
Guidelines for the management of atrial fibrillation: an update of the 2010 ESC
Guidelines for the management of atrial fibrillation. Developed with the special
contribution of the European Heart Rhythm Association. Eur Heart J33: 2719-2747.

2. European Heart Rhythm Association; European Association for Cardio-Thoracic
Surgery, Camm AJ et al (2010)Guidelines for the management of atrial fibrillation:
the Task Force for the Management of Atrial Fibrillation of the European Society
of Cardiology (ESC).Eur Heart ] 31: 2369-2429.

3. Go AS, Hylek EM, Phillips KA et al (2001) Prevalence of diagnosed atrial fibrillation
in adults: national implications for rhythm management and stroke prevention: the
AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study.JAMA
285:2370-2375.

4. Connolly SJ, Ezekowitz MD, Yusuf S et al (2009)Dabigatran versus warfarin in
patients with atrial fibrillation. N Engl ] Med 361: 1139-51.

5. Granger CB, Alexander JH, McMurray JJ et al (2011)Apixaban versus warfarin in
patients with atrial fibrillation. N Engl ] Med 365: 981-92.

6. Patel MR, Mahaffey KW, Garg J et al (2011)Rivaroxaban versus warfarin in
nonvalvular atrial fibrillation.N Engl ] Med 365: 883-91.

7. Giugliano RP, Ruff CT, Braunwald E et al (2013) Edoxaban versus warfarin in
patients with atrial fibrillation. ENGAGE AF-TIMI 48 Investigators. N Engl ]
Med369:2093-2104.

8. Olesen]B, Lip GY,Kamper AL et al (2012) Stroke and bleeding in atrial fibrillation
with chronic kidney disease. N Engl ] Med356:625-35.

9. SatoT,Aizawa Y, Fuse K et al (2018) The Comparison of Inappropriate-Low-Doses
Use among 4 Direct Oral Anticoagulants in Patients with Atrial Fibrillation: From
the Database of a Single-Center Registry.] Stroke Cerebrovasc Dis 27:3280-3288.

10. Turakhia MP, Blankestijn PJ, Carrero JJ et al (2018)Chronic kidney disease and
arrhythmias: conclusions from a Kidney Disease: Improving Global Outcomes
(KDIGO) Controversies Conference. Eur Heart J 39: 2314-2325.

11. Soliman EZ, Prineas R], Go AS et al (2010)Chronic kidney disease and prevalent
atrial fibrillation: the Chronic Renal Insufficiency Cohort (CRIC). Am Heart |
159:1102-1107.

12. Ananthapanyasut W, Napan S, Rudolph EH et al (2010)Prevalence of atrial
fibrillation and its predictors in nondialysis patients with chronic kidney disease.
Clin ] Am Soc Nephrol 5: 173-181.

13. McManus DD, Corteville DC, Shlipak MG et al (2009)Relation of kidney function
and albuminuria with atrial fibrillation (from the Heart and Soul Study).Am ]
Cardiol 104: 1551-1555.

14. Gage BF, van Walraven C, Pearce L et al (2004)Selecting patients with atrial
fibrillation for anticoagulation: stroke risk stratification in patients taking aspirin.
Circulation 110: 2287-2292.

www jafib.com Aug-Sep 2020, Volume-13 Issue-2




7 Journal of Atrial Fibrillation Original Research

15. Jonas Bjerring Olesen, Gregory Y H Lip, Morten Lock Hansen et al

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

(2011) Validation of Risk Stratification Schemes for Predicting Stroke and
Thromboembolism in Patients With Atrial Fibrillation: Nationwide Cohort Study.
BM]J 342; doi: 10.1136/bmj.d124.

Lip GY, Frison L, Halperin JL et al (2011)Comparative validation of a novel risk
score for predicting bleeding risk in anticoagulated patients with atrial fibrillation:
the HAS-BLED (Hypertension, Abnormal Renal/Liver Function, Stroke, Bleeding
History or Predisposition, Labile INR, Elderly, Drugs/Alcohol Concomitantly)
score.] Am Coll Cardiol 57:173-180.

Violi F, Pastori D, Perticone F et al (2015)Relationship between low Ankle-Brachial
Index and rapid renal function decline in patients with atrial fibrillation: a prospective
multicentre cohort study. BMJ Open 5:¢008026.

Liao JN, Chao TF, Liu CJ et al (2015)Incidence and risk factors for new-onset
atrial fibrillation among patients with end-stage renal disease undergoing renal
replacement therapy.Kidney Int 87:1209-1215.

Molnar AO, Eddeen AB, Ducharme R et al (2017)Association of Proteinuria and
Incident Atrial Fibrillation in Patients With Intact and Reduced Kidney Function.]
Am Heart Assoc 6;doi: 10.1161/JAHA.117.005685.

Takahashi Y, Takahashi A, Kuwahara T et al (2011)Renal function after catheter
ablation of atrial fibrillation.Circulation 124: 2380-2387.

Imai E, Horio M, Yamagata K et al (2008)Slower decline of glomerular filtration
rate in the Japanese general population: a longitudinal 10-year follow-up study.
Hypertens Res 31:433-441.

Hamatani Y, Yamashita Y, Esato M et al (2015).Predictors for Stroke and Death
in Non-Anticoagulated Asian Patients with Atrial Fibrillation: The Fushimi AF
Registry.PLoS One 10: ¢0142394.

Walston J, Hadley EC, Ferrucci L et al (2006)Research agenda for frailty in older
adults: toward a better understanding of physiology and etiology: summary from
the American Geriatrics Society/National Institute on Aging Research Conference
on Frailty in Older Adults.] Am Geriatr Soc 54: 991-1001.

Fried LP, Tangen CM, Walston J et al (2001)Frailty in older adults: evidence for a
phenotype. ] Gerontol A Biol Sci Med Sci 56:M146-156.

Miyamoto K, Aiba T, Arihiro S et al (2016)Impact of renal function deterioration
on adverse events during anticoagulation therapy using non-vitamin K antagonist
oral anticoagulants in patients with atrial fibrillation. Heart Vessels 31:1327-1336.
Wieloch M, Jonsson KM, Sjilander A et al (2013). Estimated glomerular filtration
rate is associated with major bleeding complications but not thromboembolic events,
in anticoagulated patients taking warfarin. Thromb Res131:481-486.

Abe M, Ogawa H, Ishii M et al (2017)Relation of Stroke and Major Bleeding to
Creatinine Clearance in Patients With Atrial Fibrillation (from the Fushimi AF
Registry). Am J Cardiol 119:1229-1237.

Hijazi Z, Oldgren J, Lindbick J et al (2016)The novel biomarker-based ABC (age,
biomarkers, clinical history)-bleeding risk score for patients with atrial fibrillation:
a derivation and validation study. Lancet 387:2302-2311.

Providéncia R, Marijon E, Boveda S et al (2014)Meta-analysis of the influence
of chronic kidney diseaselon the risk of thromboembolism among patients with
nonvalvular atrial fibrillation. Am ] Cardiol 114: 646—653.

Piccini JP, Stevens SR, Chang Y et al (2013)Renal dysfunctionasa predictor of stroke
and systemic embolism in patients withnon-valvularatrial fibrillation: validation of
the R(2)CHADS(2) index in the ROCKET AF (Rivaroxaban Once-daily, oral,
direct factor Xa inhibition Compared with vitamin K antagonism for prevention of
stroke and Embolism Trial in Atrial Fibrillation) and ATRIA (AnTicoagulation and
Risk factors In Atrial fibrillation) study cohorts. Circulation127:224-232.

Olesen JB, Lip GY, Kamper AL et al (2012) Stroke and bleeding in atrial fibrillation
withchronic kidney disease. N Engl ] Med 367:625-635.

Go AS, Fang MC, Udaltsova N et al (2009) Investigators AS. Impact of
proteinuria and glomerular filtration rate on riskof thromboembolism in atrial

fibrillation: the anticoagulation and risk factors inatrial fibrillation (ATRIA) study.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Circulation119:1363-1369.

Kodani E, Atarashi H, Inoue H et al (2016)Impact of Blood Pressure Control on
Thromboembolism and Major Hemorrhage in Patients With Nonvalvular Atrial
Fibrillation: A Subanalysis of the J-RHYTHM Registry. ] Am Heart Assoc ;5 doi:
10.1161/JAHA.116.004075.

Halvorsen S, Atar D, Yang H et al (2014)Efficacy and safety of apixaban compared
with warfarin according to age for stroke prevention in atrial fibrillation: observations
from the ARISTOTLE trial. Eur Heart J 35:1864-1872.

Suzuki S, Yamashita T, Okumura K et al (2015)Incidence of ischemic stroke in
Japanese patients with atrial fibrillation not receiving anticoagulation therapy--
pooled analysis of the Shinken Database, ]-RHYTHM Registry, and Fushimi AF
Registry.Circ J79: 432-438.

Yamashita Y, Hamatani Y, Esato M et al (2016)Clinical Characteristics and
Outcomes in Extreme Elderly (Age > 85 Years) Japanese Patients With Atrial
Fibrillation: The Fushimi AF Registry. Chest 149: 401-412.

Matsukawa H, Shinoda M, Fujii M et al (2012)Factors associated with lobar vs.
non-lobar intracerebral hemorrhage.Acta Neurol Scand 126:116-21.

Biffi A, Cortellini L, Nearnberg CM et al (2011). Body mass index and etiology of
intracerebral cerebral hemorrhage XStroke 42: 2526-2530.

Rocca B, Fox KAA, Ajjan RA et al (2018)Antithrombotic therapy and body mass:
an expert position paper of the ESC Working Group on Thrombosis.Eur Heart ]
39:1672-1686f.

Inoue H, Kodani E, Atarashi H et al (2016)Impact of Body Mass Index on the
Prognosis of Japanese Patients With Non-Valvular Atrial Fibrillation.Am J Cardiol
118:215-221.

Gurm HS, Brennan DM, Booth ] et al (2002)Impact of body mass index on outcome
after percutaneous coronary intervention (the obesity paradox).Am ] Cardiol 90:
42-45.

Numasawa Y, Kohsaka S, Miyata H et al (2015)Impact of body mass index on in-
hospital complications in patients undergoing percutaneous coronary intervention
in a Japanese real-world multicenter registry.PLoS One 10: ¢0124399.

Powell BD, Lennon RJ, Lerman A et al (2003)Association of body mass index
with outcome after percutaneous coronary intervention.Am J Cardiol 91:472-476.
Simoons ML, Maggioni AP, Knatterud G et al (1993)Individual risk assessment
for intracranial haemorrhage during thrombolytic therapy.Lancet 342:1523-1538.
Lee SR, Choi EK, Park CS et al (2019)Direct Oral Anticoagulants in Patients
With Nonvalvular Atrial Fibrillation and Low Body Weight.] Am Coll Cardiol
73:919-931.

Eikelboom JW, Wallentin L, Connolly SJ et al (2011) Risk of Bleeding With 2
Doses of Dabigatran Compared With Warfarin in Older and Younger Patients
With Atrial Fibrillation: An Analysis of the Randomized Evaluation of Long-Term
Anticoagulant Therapy (RE-LY') Trial. Circulation 123: 2363-72.

Park CS, Choi EK, Kim HM et al (2017)Increased risk of major bleeding in
underweight patients with atrial fibrillation who were prescribed non-vitamin K
antagonist oral anti- coagulants. Heart Rhythm 14: 501-507.

Pasi P Karjalainen, Pekka Porela, Antti Ylitalo et al (2007) Safety and Efficacy of
Combined Antiplatelet-Warfarin Therapy After Coronary Stenting. Eur Heart J;
28:726-732.

Brendan ] Doyle, Charanjit S Rihal, Dennis A Gastineau et al (2009) Bleeding, Blood
Transfusion, and Increased Mortality After Percutaneous Coronary Intervention:
Implications for Contemporary Practice. ] Am Coll Cardiol; 53: 2019-2027.
Yohei Sotomi, Akio Hirata, Ryohei Amiya et al (2019) Bleeding Risk of Add-On
Anti-Platelet Agents to Direct Oral Anticoagulants in Patients With Nonvalvular
Atrial Fibrillation (From 2216 Patients in the DIRECT Registry). Am ] Cardiol;
123:1293-1300.

Ruff CT, Giugliano RP, Braunwald E et al (2014)Comparison ofthe efficacy and
safety of new-oral anticoagulants with warfarin in patients with atrial fibrillation:a

meta-analysis of randomised trials.Lancet 383: 955-962.

www jafib.com Aug-Sep 2020, Volume-13 Issue-2




8 Journal of Atrial Fibrillation Original Research

52. Zhang D, Frost CE, He K et al (2013)Investigating the enteroenteric recirculation

of apixaban, a factor Xa inhibitor: administration of activated charcoal to bile duct-
cannulated rats and dogs receiving an intravenous dose and use of drug transporter
knockout rats.Drug Metab Dispos 41:906-915.

53. Granger CB, Alexander JH, McMurray JJ et al (2011)Apixaban versus warfarin in
patients with atrial fibrillation. N Engl ] Med 365: 981-892.

54. Claxton AJ, Cramer ], Pierce C (2001)A systematic review of the associations
between dose regimens and medication compliance.Clin Ther 23: 1296-1310.

55. Nielsen PB, Skjeth F, Segaard M et al (2017)Effectiveness and safety of reduced
dose non-vitamin K antagonist oral anticoagulants and warfarin in patients with
atrial fibrillation: propensity weighted nationwide cohort study. BMJ 356; doi:
10.1136/bmi.j510.

56. Yao X, Shah ND, Sangaralingham LR et al (2017)Non-vitamin K antagonist oral
anticoagulant dosing in patients with atrial fibrillation and renal dysfunction.] Am
Coll Cardiol 69: 2779-2790.

www jafib.com Aug-Sep 2020, Volume-13 Issue-2




