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Abstract
Background  There is limited information on the risks and benefits of anticoagulation in patients with atrial fibrillation 
receiving peritoneal dialysis.
Objective  The aim was to determine the risk of mortality, ischemic stroke, and bleeding associated with warfarin use in 
patients with atrial fibrillation receiving peritoneal dialysis.
Patients and methods  This is a retrospective observational study of a multi-ethnic cohort of patients with atrial fibrillation 
receiving peritoneal dialysis in the United States. Using a dialysis registry, we identified 476 patients with atrial fibrillation 
receiving peritoneal dialysis. Among these patients, 115 (24%) were treated with warfarin. Cox proportional hazard models 
were used to compare risks of mortality, ischemic stroke and bleeding between the groups.
Results  Compared to untreated patients, patients receiving warfarin were older (67.3 ± 10.8 vs 62.9 ± 13.3 years) and more 
likely to be white (42% vs 31%). Prevalence of comorbidities including hypertension, hyperlipidemia, diabetes, heart failure, 
and prior ischemic stroke were similar between the two groups. All cause mortality rates were 19.9 per 100 person-years 
in the warfarin group and 21.0 per 100 person-years in the untreated group. There was no difference between groups in the 
risk of mortality [hazard ratio (HR) 0.8, 95% confidence interval (CI) 0.53–1.2, p = 0.28], ischemic stroke (HR 2.3, 95% CI 
0.94–5.4, p = 0.07), hemorrhagic stroke (HR 2.0, 95% CI 0.32–12.8, p = 0.46), gastrointestinal bleeding (HR 0.92, 95% CI 
0.39–2.2, p = 0.86), or any bleeding (HR 1.2, 95% 0.60–2.3, p = 0.65). Even in the subgroup of patients with > 70% time in 
therapeutic range, no association was seen between warfarin treatment and mortality.
Conclusion  There is no significant association between warfarin treatment with risks of mortality, ischemic stroke or bleed-
ing in patients with atrial fibrillation receiving peritoneal dialysis.
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Key Points 

There is limited information on the risks and benefits of 
anticoagulation in patients with atrial fibrillation receiv-
ing peritoneal dialysis.

We found no significant association between warfarin treat-
ment and risks of mortality, ischemic stroke or bleeding in 
patients with atrial fibrillation receiving peritoneal dialysis.

Even in the subgroup of patients with > 70% time in 
therapeutic range, no association was seen between war-
farin treatment and mortality.
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1  Introduction

Atrial fibrillation is the most common cardiac arrhyth-
mia, with a prevalence of 2–3% in the general population 
[1]. The prevalence of atrial fibrillation is much higher in 
patients with end-stage renal disease (ESRD) on dialysis, 
ranging from 7 to 27%, with a prevalence of 13% and 7% 
in those on hemodialysis and peritoneal dialysis, respec-
tively [2–4]. Prior randomized clinical trials have shown 
anticoagulation in atrial fibrillation significantly reduces 
the risk for stroke [5]. However, patients on dialysis were 
excluded from these trials.
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There are few observational studies looking at antico-
agulation for atrial fibrillation in those with ESRD receiv-
ing dialysis. However, these studies have found conflicting 
results regarding the risk and benefits of anticoagulation 
for atrial fibrillation [6–9]. As such, guideline recommen-
dations have varied amongst different organizations [6, 
10, 11]. In addition, the majority of these observational 
studies have focused on patients receiving hemodialysis or 
have combined both hemodialysis and peritoneal dialysis 
populations in the analysis and conclusions. To date, there 
is a paucity of data on the risks and benefits of anticoagu-
lation for atrial fibrillation in the peritoneal dialysis popu-
lation [12]. The purpose of this study was to investigate 
the association between warfarin use and the risk of all-
cause mortality, ischemic stroke, and bleeding in patients 
with atrial fibrillation receiving peritoneal dialysis.

2 � Methods

2.1 � Study Population

This was a retrospective, population-based cohort study 
that included all patients with a diagnosis of atrial fibril-
lation receiving peritoneal dialysis in the Kaiser Perma-
nente Southern California (KPSC) Health System between 
January 1, 2006 and September 30, 2015. KPSC is an 
integrated health care organization that serves about 4.4 
million members. The demographics and socioeconomic 
status are representative of those living in California [13]. 
Patients who were not health plan enrollees or did not have 
continuous 1-year enrollment were excluded to allow ade-
quate follow-up data. The research protocol in this study 
was reviewed and approved by the Kaiser Permanente 
Institutional Review Board.

Patients receiving peritoneal dialysis were identified 
using an internal dialysis registry maintained by the KPSC 
Health System. Patients with atrial fibrillation or atrial 
flutter receiving peritoneal dialysis were identified using 
International Classification of Disease, Ninth Revision, 
Clinical Modification (ICD9-CM) codes 427.3, 427.31, 
and 427.32. The “index date” of study entry was when 
both criteria (“peritoneal dialysis” and “atrial fibrillation”) 
were met. Patients with less than 7 days of follow-up were 
excluded. Patients were followed for up to 2 years. Once 
entered into the study, patients were followed even if there 
was a change in dialysis status (from peritoneal dialysis 
to hemodialysis) to avoid bias that might result from the 
common practice of switching patients to temporary 

hemodialysis when they clinically deteriorate or become 
hemodynamically unstable. Baseline comorbidities were 
determined using ICD9-CM codes. CHA2DS2-VASc score 
was calculated by adding 1 point each for the presence 
of heart failure, hypertension, diabetes, vascular disease, 
age 65–74 years, and female sex, and 2 points each for 
the presence of previous stroke/thromboembolism and 
age ≥ 75 years [14]. The HAS-BLED score was calculated 
by adding 1 point each for the presence of hypertension, 
abnormal renal or liver function, previous stroke/throm-
boembolism, history of bleeding, labile international nor-
malized ratio (INR), age ≥ 65 years, concomitant therapy 
with nonsteroidal anti-inflammatory drugs (NSAIDs), and 
excessive alcohol intake [15].

2.2 � Pharmacologic Treatment

Warfarin users were identified using pharmacy dispensing 
records if they filled at least one prescription for warfarin 
after their diagnosis of atrial fibrillation. All other patients 
were considered non-warfarin users. Use of other medica-
tions was determined by reviewing outpatient pharmacy 
dispensing records. The majority of warfarin users were 
enrolled in the anticoagulation clinic at KPSC. For these 
patients, INR was actively followed and warfarin dose 
titrated. An INR of 2.0–3.0 was considered to be within 
the therapeutic range. Time in therapeutic range (TTR) was 
calculated using the Rosendaal method [16]. A cutoff TTR 
of > 70% was chosen given prior studies showing maximum 
benefit at this level [17].

2.3 � Outcomes

Information on mortality was obtained from the California 
vital statistics database and Kaiser Health Plan enrollment 
data. Outcomes including hospital admission or emergency 
room visit for a primary diagnosis of ischemic stroke, intrac-
ranial hemorrhage, gastrointestinal bleeding, or other bleeds 
were identified using ICD9-CM and ICD10 codes.

2.4 � Statistical Analysis

Warfarin users and non-warfarin users were compared using 
independent samples t test and Chi square test for continu-
ous and categorical variables, respectively. A two-tailed p 
value of < 0.05 was considered statistically significant. The 
association between warfarin use and the risk of all-cause 
mortality, stroke, and bleeding was determined using Cox 
proportional hazards models. Survival curves were estimated 
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using the Kaplan–Meier method and analyzed by log-rank 
test. All analyses were performed using R version 3.3.3 [18].

3 � Results

3.1 � Patient Population

A total of 476 patients with atrial fibrillation receiving 
peritoneal dialysis were identified. Among this group, 115 
patients were treated with warfarin and 361 were untreated. 
Compared to those not receiving warfarin, those given war-
farin were older (67.3 ± 10.8 vs 62.9 ± 13.3 years, p = 0.001), 

more likely to be of white race (41.7% vs 31.3%, p = 0.039), 
and less likely to be of Hispanic race (21.7% vs 34.1%, 
p = 0.013) (Table 1). Those receiving warfarin were more 
likely to have a history of pulmonary embolism (PE) (8.7% 
vs 1.4%, p < 0.001). Otherwise there were no other signifi-
cant differences in demographics or medical history.

Patients treated with warfarin were less likely to have 
used NSAIDs (18.3% vs 32.7%, p = 0.003) and more likely 
to have used beta-blockers (99.1% vs 90.9%, p = 0.003). 
There were no significant differences in medication usage 
of aspirin, P2Y12 inhibitors, calcium channel blockers 
(CCBs), and statins. The CHA2DS2-VASc scores were not 
significantly different between groups (4.6 ± 1.6 vs 4.2 ± 1.8, 

Table 1   Baseline characteristics of patients with atrial fibrillation receiving peritoneal dialysis

Values are given as mean ± SD or n (%)
CAD coronary artery disease, CCB calcium channel blocker, CHF congestive heart failure, GI gastrointestinal, NSAID nonsteroidal anti-inflam-
matory drug, PE pulmonary embolism, SD standard deviation
*Student t test for continuous variables; Chi square test for categorical variables

Warfarin (n = 115) No warfarin (n = 361) p value*

Age (years) 67.3 ± 10.8 62.9 ± 13.3 0.001
Male gender 67 (58.3%) 208 (57.6%) 0.90
Race/ethnicity
 White 48 (41.7%) 113 (31.3%) 0.04
 Black 19 (16.5%) 60 (16.6%) 0.98
 Hispanic 25 (21.7%) 123 (34.1%) 0.01
 Asian/Pacific Islander 19 (16.5%) 48 (13.3%) 0.39
 Other 4 (3.5%) 17 (4.7%) 0.58

Hypertension 115 (100%) 361 (100%) 1.00
Hyperlipidemia 109 (94.8%) 332 (92%) 0.31
Diabetes 83 (72.2%) 271 (75.1%) 0.54
CAD 53 (46.1%) 160 (44.3%) 0.74
CHF 63 (54.8%) 166 (46%) 0.100
PE 10 (8.7%) 5 (1.4%) < 0.001
Prior ischemic stroke 23 (20%) 76 (21.1%) 0.81
Prior hemorrhagic stroke 1 (0.9%) 6 (1.7%) 0.54
Prior GI bleed 27 (23.5%) 88 (24.4%) 0.85
Medications
 Aspirin 16 (13.9%) 62 (17.2%) 0.41
 P2Y12 inhibitor 30 (26.1%) 121 (33.5%) 0.14
 NSAID 21 (18.3%) 118 (32.7%) 0.003
 Beta-blocker 114 (99.1%) 328 (90.9%) 0.003
 CCB 35 (30.4%) 103 (28.5%) 0.70
 Statin 105 (91.3%) 325 (90%) 0.69

CHA2DS2-VASc score 4.6 ± 1.6 4.2 ± 1.8 0.06
Low risk (0) 0 (0%) 0 (0%)
Moderate risk (1) 1 (0.9%) 17 (4.7%)
High risk (≥ 2) 114 (99.1%) 344 (95.3%)
HAS-BLED score 4.6 ± 1.2 4.0 ± 1.1 < 0.001
Low-moderate risk (0–2) 3 (2.6%) 33 (9.1%)
High risk (≥ 3) 112 (97.4%) 328 (90.9%)
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p = 0.061). Patients on warfarin had a higher HAS-BLED 
score (4.6 ± 1.2 vs 4.0 ± 1.1, p < 0.001).

3.2 � Survival Analysis

Median follow-up time was 1.5 years. During the 626.7 
patient-years of follow-up, 32 patients in the warfarin group 
died (19.9 events per 100 patient-years; 95% confidence 
interval [CI] 13.0–26.9), whereas 98 patients in the non-
warfarin group died (21.0 per 100 patient-years; 95% CI 

16.9–25.2) (Table 2). The Kaplan–Meier survival estimate 
showed no significant difference in deaths in the warfarin 
versus non-warfarin group (log-rank test p = 0.807) (Fig. 1). 
Cox proportional hazards modeling showed no association 
between warfarin use and mortality, with an unadjusted haz-
ard ratio (HR) of 0.95 (95% CI 0.64–1.42) and an adjusted 
HR of 0.80 (95% CI 0.53–1.20) (Table 3) after adjustment 
for age, male sex, white race, diabetes, congestive heart fail-
ure, history of ischemic stroke, history of gastrointestinal 
bleed, and aspirin use.

Table 2   Incidence rates for death, ischemic stroke, hemorrhagic stroke, and bleeding events

CI confidence interval, GI gastrointestinal

Event Warfarin (n = 115) No warfarin (n = 361) Rate ratio (95% CI)

No. of events Event rate per 100 
person-years (95% CI)

No. of events Event rate per 100 
person-years (95% CI)

Death 32 19.9 (13.0–26.9) 98 21.0 (16.9–25.2) 0.95 (0.6–1.4)
Ischemic stroke 10 6.2 (2.37–10.1) 11 2.4 (0.97–3.8) 2.6 (1.1–6.2)
Hemorrhagic stroke 2 1.3 (0.5–3.0) 3 0.6 (0.1– 1.4) 1.9 (0.3–11.6)
GI bleed 7 4.4 (1.1–7.6) 22 4.7 (2.8–6.7) 0.9 (0.4–2.2)
Other bleed 5 3.1 (0.4–5.9) 11 2.4 (0.97–3.8) 1.3 (0.5–3.8)
Any bleed 13 9.1 (3.7–12.5) 30 6.4 (4.1–8.7) 1.3 (0.7–2.4)

Fig. 1   Kaplan–Meier survival 
estimates for death from any 
cause. Log-rank test p = 0.807
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Table 3   Association between warfarin use and risk for death, stroke, and bleeding

CI confidence interval, GI gastrointestinal, HR hazard ratio
a HR with 95% CI from Cox regression analyses adjusted for age, male sex, white race, diabetes, congestive heart failure, history of ischemic 
stroke, history of GI bleed, and aspirin use

Outcome Unadjusted HR (95% CI) p value Adjusted HR (95% CI)a p value

Death 0.95 (0.64–1.4) 0.81 0.80 (0.53–1.2) 0.28
Ischemic stroke 2.7 (1.2–6.4) 0.02 2.3 (0.94–5.4) 0.07
Hemorrhagic stroke 1.9 (0.33–11.7) 0.47 2.0 (0.32–12.8) 0.46
GI bleed 0.93 (0.40–2.2) 0.86 0.92 (0.39–2.2) 0.86
Any bleed 1.3 (0.66–2.4) 0.47 1.2 (0.60–2.3) 0.65
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Fig. 2   Distribution of time in therapeutic range (TTR)

3.3 � Stroke Outcome

The rate of ischemic stroke was higher in the warfarin group 
(6.2 per 100 person-years, 95% CI 2.4–10.1) compared to 
the non-warfarin group (2.4 per 100 person-years, 95% CI 
1.0–3.8). The unadjusted HR for ischemic stroke on warfa-
rin was 2.72 (95% CI 1.16–6.41, p = 0.022). After adjusting 
for potential confounders, there was no association between 
warfarin use and ischemic stroke, with an HR of 2.26 (95% 
CI 0.94–5.42, p = 0.07).

3.4 � Bleeding Outcome

There was no significant difference in rates of hemorrhagic 
stroke, gastrointestinal bleed, or other bleed between both 
groups. The adjusted HR for hemorrhagic stroke was 2.0 
(95% CI 0.32–12.8, p = 0.46). The adjusted HR for gastro-
intestinal bleed was 0.92 (95% CI 0.39–2.2, p = 0.855), and 
for any bleeding was 1.2 (95% CI 0.60–2.3, p = 0.65).

3.5 � Time in Therapeutic Range on Warfarin

Among the 115 patients on warfarin, 108 (94%) were 
actively followed at the KPSC anticoagulation clinic and 
had serial INR values. Figure 2 shows the TTR between 
INRs of 2.0–3.0 in this patient population. The median TTR 
was 48% (25th percentile, 75th percentile: 31%, 66%). There 
were 55 patients (51%) with a TTR of < 50%, 36 (33%) with 
a TTR of 50–69%, and 17 (16%) with a TTR of > 70%. The 
HR for all-cause mortality (when adjusted for age, male sex, 
white race, diabetes, heart failure, history of ischemic stroke, 
history of gastrointestinal bleed, and aspirin usage) in those 
with a TTR of > 70% when compared to a TTR of < 70% 
was not statistically significant (HR 2.1, 95% CI 0.85–5.1, 
p = 0.107). This suggests that even in those patients that are 
most compliant with warfarin there was no benefit in mortal-
ity with warfarin usage.

4 � Discussion

There are limited data on warfarin use for atrial fibrilla-
tion in patients receiving peritoneal dialysis. In this study, 
we found no significant association in all-cause mortality, 
ischemic stroke, and bleeding with warfarin use for atrial 
fibrillation in patients receiving peritoneal dialysis. Sub-
group analysis showed that even in patients with high TTR, 
no significant difference in mortality was observed. These 
findings may have implications when determining the risk-
benefits of anticoagulation in patients with atrial fibrillation 
receiving peritoneal dialysis.

There are limited and conflicting data on warfarin use for 
atrial fibrillation in patients receiving peritoneal dialysis [8, 
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9]. A population-based retrospective cohort study of dialysis 
patients that included both hemodialysis and peritoneal dialy-
sis patients with atrial fibrillation found warfarin use to have 
no benefit in reducing stroke risk, but, rather, was associated 
with a higher bleeding risk compared to those not taking 
warfarin [8]. In contrast, another study of patients with atrial 
fibrillation receiving renal-replacement therapy (hemodialy-
sis or peritoneal dialysis) or living with a renal transplant 
found warfarin use to be associated with a significantly lower 
risk of all-cause mortality [9]. The only study that specifi-
cally focused on patients receiving peritoneal dialysis was an 
observational study of 271 Chinese patients with atrial fibril-
lation receiving peritoneal dialysis, which found warfarin use 
(n = 67, 24.7%) to be associated with lower risk of ischemic 
stroke without a higher risk of intracranial hemorrhage [12].

Given the lack of data from randomized clinical trials, 
and conflicting results from limited observational stud-
ies, our goal is to present additional information from a 
relatively large contemporary cohort of peritoneal dialysis 
patients. Our study included 476 patients with atrial fibril-
lation receiving peritoneal dialysis. In this cohort, there was 
no association between warfarin use and all-cause mortality, 
ischemic stroke, hemorrhagic stroke, gastrointestinal bleed-
ing, or any bleeding after adjusting for potential confound-
ers. We performed a sensitivity analysis evaluating the sub-
group of patients with a TTR of > 70%, and found that even 
in the subgroup with good medication compliance, warfarin 
use was not associated with improvement in mortality.

A potential explanation for the lack of benefit of warfarin 
use in patients with atrial fibrillation receiving peritoneal 
dialysis may be attributed to competing risk. In this cohort, 
the all-cause mortality rate is around 21 per 100 person-
years, with many patients dying from causes other than stroke 
or bleeding. Sudden cardiac death accounts for over a quarter 
of all-cause mortality in dialysis patients [19], a risk warfarin 
therapy is not expected to modify. Others have suggested 
that warfarin may play a role in the pathogenesis of vascular 
calcification, which may negate the stroke reduction benefits 
seen with warfarin by reducing cardioembolic events [20].

There may be some differences in the benefits or out-
comes seen with warfarin use in hemodialysis versus 
peritoneal dialysis populations. These differences may be 
related to various factors, such as (1) heparinization during 
hemodialysis, which may lead to increased bleeding, (2) 
decrease in coagulation inhibitors in hemodialysis patients 
which may lead to increased thrombotic risk, and (3) an 
overall inherent survival advantage seen in hemodialysis 
patients [21, 22]. Overall, our findings suggest that in the 
peritoneal dialysis population, warfarin use was not associ-
ated with significant improvement in mortality or ischemic 
stroke. Whether the direct oral anticoagulants (DOACs), 
which have a more favorable safety profile, have an advan-
tage over warfarin in these patients is not known. Future 

studies, particularly randomized clinical trials, are needed 
before anticoagulation can be routinely recommended for 
treatment of patients with atrial fibrillation receiving peri-
toneal dialysis.

This was a retrospective observational study and thus has 
several inherent limitations, such as confounders that may 
have not been accounted for. The sample size was limited, 
although this is the largest study to date of warfarin usage for 
atrial fibrillation in a pure peritoneal dialysis patient cohort. 
The median follow-up time was around 1.5 years, which 
is relatively short. Nevertheless, in other populations (non-
peritoneal dialysis population), an effect on anticoagulation 
on clinical outcomes could be detected in this time frame, 
especially in high-risk populations such as ours where the 
event rates are high. Patients who did not have continuous 
1-year enrollment to allow adequate follow-up data were 
excluded, which make these results most applicable to those 
with stable insurance coverage. Only clinically significant 
bleeding and stroke events that required hospital admissions 
or emergency room visits were included, and as such, occult 
bleeding events or silent ischemic or hemorrhagic strokes 
may have been missed. Furthermore, decision of warfarin 
therapy was based on the prescribing clinical provider at the 
time, and thus, possibly introducing selection bias. Never-
theless, given the lack of randomized clinical trials and the 
paucity of observational studies that address this question, 
our study provides valuable information that may help physi-
cians and patients with atrial fibrillation receiving peritoneal 
dialysis make treatment decisions regarding warfarin use.

5 � Conclusions

In conclusion, there is no significant association between 
warfarin treatment and risks of mortality, ischemic stroke 
or bleeding in patients with atrial fibrillation receiving 
peritoneal dialysis.
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