R

medicina

Article

Bleeding and Thrombotic Events in Hemodialysis Patients with
Atrial Fibrillation on Anticoagulation and Antiplatelet Therapy:
A 24-Month Cohort Study

Zorica M. Dimitrijevic '2*(, Branka P. Mitic 1'?, Danijela D. Tasic 1%, Tamara Vrecic !, Karolina Paunovic

and Sonja Salinger 23

check for
updates

Citation: Dimitrijevic, Z.M.; Mitic,
B.P; Tasic, D.D.; Vrecic, T.; Paunovic,
K.; Salinger, S. Bleeding and
Thrombotic Events in Hemodialysis
Patients with Atrial Fibrillation on
Anticoagulation and Antiplatelet
Therapy: A 24-Month Cohort Study.
Medicina 2024, 60, 1760. https://
doi.org/10.3390/medicina60111760

Academic Editor: Vasileios

Papavasileiou

Received: 8 October 2024
Revised: 15 October 2024
Accepted: 26 October 2024
Published: 27 October 2024

Copyright: © 2024 by the authors.

Published by MDPI on behalf of
the Lithuanian University of Health
Sciences.
Switzerland. This article is an open
access article distributed under the
terms and conditions of the Creative
Commons Attribution (CC BY) license
(https:/ /creativecommons.org/
licenses /by /4.0/).

Licensee MDPI, Basel,

1,2

Clinic for Nephrology, University Clinical Center Nis, 18000 Nis, Serbia

Medical Faculty, University of Nis, 18000 Nis, Serbia

Clinic for Cardiovascular Disesase, Univeristy Clinical Center Nis, 18000 Nis, Serbia
*  Correspondence: zorica_mdimitrijevic@yahoo.com; Tel.: +381-638335284

@ ON =

Abstract: Background and Objectives: Patients undergoing chronic hemodialysis (HD) are predisposed
to both thrombotic and bleeding complications due to the complex interplay of end-stage renal
disease (ESRD), cardiovascular comorbidities, and the routine use of anticoagulant and antiplatelet
therapies. This study aimed to investigate the incidence of bleeding and thrombotic events in chronic
HD patients receiving anticoagulant and antiplatelet therapy, with a specific focus on those with
atrial fibrillation (AF). Materials and Methods: A total of 224 patients, with 43 (19%) of them diagnosed
with AF, were included in this single-center, observational cohort study conducted over 24 months.
The cohort was divided into three groups: patients without anticoagulation, those on warfarin
monotherapy, and those on combined warfarin and aspirin therapy. Bleeding events were classified
as major, clinically relevant non-major bleeding (CRNMB), or minor bleeding, while thrombotic
events included ischemic stroke, myocardial infarction, pulmonary embolism, and arteriovenous
fistula thrombosis. Results: Overall, 35.7% of patients experienced a bleeding event, with major
bleeding occurring in 9.4%. Patients with AF had significantly higher rates of major bleeding (18.6%)
compared to those without AF (7.18%; p = 0.043), especially in the combined therapy group. Mortality
due to bleeding was also higher in AF patients (14%). In contrast, thrombotic events occurred
in 26.8% of patients, with AF patients experiencing significantly more events (48.8%) compared
to non-AF patients (21.5%; p = 0.0006). The hazard ratio (HR) for major bleeding in patients on
combined warfarin and aspirin therapy was 2.56 (p = 0.016), while the HR for thrombotic events
was 2.34 (p = 0.0202). Conclusions: These findings highlight the increased risks of both bleeding and
thrombosis in chronic HD patients with AF, particularly those on combined anticoagulation and
antiplatelet therapy.
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1. Introduction

End-stage kidney disease (ESKD) is a serious condition that necessitates continuous
therapy with permanent hemodialysis (HD) procedures. While HD is a life-saving treat-
ment, it is accompanied by various complications, especially those related to bleeding and
thrombosis. These complications arise due to the complex interaction of cardiovascular
comorbidities, the uremic environment, and the use of anticoagulant and antiplatelet ther-
apy. While anticoagulation is mainly used to prevent thrombosis, it significantly increases
the risk of bleeding. This bleeding tendency in patients with ESKD is multifactorial and
associated with the reduced clearance of anticoagulants in patients with impaired renal
function, leading to increased drug levels [1], uremic platelet dysfunction [2,3], impaired
platelet—vessel wall interactions, renal anemia, and the chronic use of heparin during dialy-
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sis sessions. Establishing a balance between preventing thrombosis and mitigating the risk
of bleeding represents a significant clinical challenge in treating these patients [4].

Atrial fibrillation (AF), one of the most common cardiovascular comorbidities in pa-
tients with ESKD, occurs in 3.8-27% of chronic HD patients, with the prevalence varying
with age, cardiovascular health, and comorbid conditions such as hypertension and dia-
betes [5,6]. As AF increases the risk of thromboembolism, oral anticoagulation for stroke
prevention is indicated in the vast majority of ESKD patients with AF. However, the studies
on the benefit of anticoagulation in dialysis patients are inconclusive, and an excessive
risk of bleeding during vitamin K antagonist treatment is observed [7-9]. Additionally, in
some cases, antiplatelet agents are added to the treatment regimen, especially for those
with ischemic heart disease. However, the combined use of anticoagulants and antiplatelet
agents is associated with a further exacerbated risk of bleeding, including life-threatening
episodes of intracranial and gastrointestinal bleeding [10].

As aresult, clinicians encounter challenging therapeutic dilemmas in balancing the risk
of thromboembolism and bleeding. The dual risks associated with anticoagulation therapy
in HD patients with AF have been well documented. For example, while anticoagulant
therapy is effective in reducing the incidence of cerebrovascular accidents and ischemic
strokes, it can also lead to severe hemorrhagic complications, especially in patients on
combination therapy [11]. This dilemma is further exacerbated by the advanced age and
comorbidities of HD patients, who are often more susceptible to thrombotic and bleeding
complications. Despite these risks, the optimal approach to anticoagulant treatment in this
population remains unclear, with different guidelines and practices depending on the local
protocols and patient characteristics. Previous studies have documented the effectiveness
of anticoagulant therapy in reducing ischemic events, but this benefit is often balanced
by an increased incidence of hemorrhagic complications, especially in patients receiving
combination therapy [12]. Given these challenges, the optimal strategy for anticoagulation
management in HD patients with AF remains a subject of ongoing debate, with variations in
treatment protocols based on patient characteristics, local guidelines, and clinical judgment.

This study aimed to further investigate the incidence of bleeding and thrombosis in
chronic HD patients receiving anticoagulant and antiplatelet therapy, with a particular
focus on those diagnosed with AF.

2. Materials and Methods

This single-center, observational cohort study was conducted over a 24-month period
and approved by the Ethics Committee of Nis University Hospital (approval number 39454;
1 November 2019). The study adhered to the principles outlined in the Declaration of
Helsinki. All the participants provided informed consent, both oral and written, prior to
their inclusion in the study.

The data on concomitant diseases and pharmacological treatments were extracted
from electronic medical records, including hospital admissions, outpatient visits, and
complete laboratory tests. The study team systematically reviewed the patients” medi-
cal documentation, including discharge letters, each month to monitor for bleeding or
thrombotic events.

2.1. Outcomes and Definitions

The primary outcome of the study was the incidence of new bleeding events.

Major bleeding was defined as by the International Society on Thrombosis and
Haemostasis (ISTH), i.e., fatal bleeding and/or symptomatical bleeding in a critical area
or organ, such as intracranial, intraspinal, intraocular, retroperitoneal, intraarticular, or
pericardial, or intramuscular with compartment syndrome, or a drop in hemoglobin of at
least 20 g/L for the last 24 h period, and/or bleeding or leading to transfusion of two or
more units of whole blood or red blood cells [13].
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Clinically relevant non-major bleeding (CRNMB) was defined as bleeding that did
not fulfill the major bleed criteria but led to hospitalization, any intervention (medical or
surgical), unscheduled visit, or change in antithrombotic therapy [14].

Minor bleeding was defined as non-life-threatening bleeding events that did not
necessitate medical intervention.

Secondary outcomes included arterial and venous thrombosis events, categorized
into ischemic stroke (IS), myocardial infarction (MI), pulmonary thromboembolism (PTE),
and arteriovenous fistula (AVF) thrombosis. Thrombotic events (IS, MI, and PTE) were
diagnosed using a combination of clinical presentation, imaging modalities (such as CT or
ultrasound), and laboratory biomarkers (e.g., troponins, D-dimers) based on the standard
hospital protocols for each condition. AVF thrombosis was diagnosed through clinical
examination (e.g., absence of bruit or thrill) and confirmed by using Doppler ultrasound
imaging.

Mortality data, including death attributable to bleeding or thrombotic events, were
collected throughout the 24-month follow-up period.

2.2. Study Population

Patients were recruited among incident HD patients and were selected based on the
predefined inclusion and exclusion criteria. All the patients receiving chronic HD at our
center were eligible for inclusion if they were 18 years or older, had been on HD for at least
three months, and were able to provide informed consent. The exclusion criteria included
patients with active cancer, known coagulation disorders unrelated to renal disease, or
contraindications to anticoagulation therapy and patients with recent surgery or critical
illnesses. Of the initial 254 patients screened, 224 met the inclusion criteria after excluding
those with contraindications (Figure 1).

‘ 253 Patients Screened

224 Patients Met Inclusion Criteria

// \\
(" 29 Patients Excluded >

X/

12 Patients with Active Cancer 8 Patients with Coagulation Disorders l 9 Patients with Other Reasons l
J L J J
4 Patients with Recent Surgeries 5 Patients with Critical Illnesses

Figure 1. Flowchart diagram of the study cohort creation.

2.3. Sample Size and Power Analysis

A power analysis was conducted prior to the study to determine the minimum sample
size required to detect the meaningful differences in bleeding and thrombotic events
between patients with atrial fibrillation (AF) and those without. Based on prior studies
and the anticipated event rates of bleeding and thrombosis in HD patients, an estimated
sample size of 200 patients would provide 80% power to detect a hazard ratio of 2.0 with a
two-sided alpha of 0.05. With 224 patients included in the study, of whom 19% had AF, the
study was adequately powered to detect the clinically significant differences in bleeding
and thrombotic outcomes between the groups.
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2.4. Anticoagulation and Antiplatelet Therapy

The patients were divided into three groups based on their anticoagulant and an-
tiplatelet treatment regimen:

Group 1: Patients not receiving any anticoagulant or antiplatelet agents.

Group 2: Patients on warfarin monotherapy.

Group 3: Patients receiving both warfarin and aspirin for anticoagulation and an-
tiplatelet therapy, respectively.

The treating physician guided the choice of therapy, considering each patient’s cardio-
vascular risk profile, comorbidities, and AF status.

Warfarin doses were adjusted based on monthly INR testing, with the goal of main-
taining a therapeutic range of 2.0-3.0. All the patients underwent INR testing once a month,
and dosages were modified accordingly to ensure effective anticoagulation while minimiz-
ing the risk of bleeding or thrombotic events. Although factors such as body weight and
renal function were not explicitly used for dose adjustments, the INR monitoring provided
a reliable measure to capture any changes related to these factors, allowing for appropriate
dose modifications when necessary.

Aspirin was administered at a standard daily dose of 75-100 mg.

2.5. Statistical Analysis

Continuous variables were expressed as mean =+ standard deviation (SD) or median
with interquartile range (IQR), depending on the data distribution. Categorical variables
were summarized as frequencies and percentages. The differences between the groups
were analyzed using the chi-square test for categorical variables and the independent ¢-test
or Mann-Whitney U test for continuous variables, as appropriate. Kaplan-Meier survival
curves were generated to estimate the cumulative incidence of bleeding and thrombotic
events over the 24-month follow-up. Cox proportional hazard models were used to identify
the independent predictors of bleeding and thrombosis, adjusting for potential confounders
such as age, gender, comorbidities, and treatment type. The assumption of proportional
hazards for the Cox models was verified using Schoenfeld residuals. The global and
individual tests for covariates showed no significant violations of the proportional hazards
assumption (p > 0.05 for all tests). Log-minus-log survival plots were visually inspected,
and no deviations from proportionality were observed. Therefore, the Cox proportional
hazards model was considered appropriate for identifying the predictors of bleeding and
thrombotic events in this cohort.

Statistical significance was set at p < 0.05, and all the analyses were performed using
SPSS statistical software (version 26.0, IBM Corp., Armonk, NY, USA).

3. Results

A total of 224 patients undergoing chronic HD were included in the study. The median
age of the cohort was 61 years (IQR 19-89), with 63.8% of the patients being male. The
median duration of dialysis was 66.3 months (range: 7-299 months). Among the study
population, 19% had atrial fibrillation (AF). The patients with AF were significantly older
(median age of 64.7 years vs. 58 years for those without AF, p = 0.038) and had a higher
prevalence of previous cardiovascular incidents, such as ischemic stroke (23.3% vs. 5%,
p = 0.002). Among the patients with AF, 24 (55.8%) were treated with warfarin mono-
therapy, while 19 (44.2%) were on a combination of warfarin and aspirin therapy. Table 1
summarizes the baseline characteristics of the study population.
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Table 1. Baseline characteristics of the study population.
With AF
All Patients Without AF . . .
Total Warfarin + Aspirin Warfarin p-Value
Total number of 224 181 43 (19%) 19 (44.2%) 24 (55.8%)
patients
Men (%) 143 (63.8%) 100 (55.2%) 30 (69.7%) 9 (20.9%) 21 (48.4) 0.036
Age, median (IQR) 61 (19-89.0) 58.0 (19-77) 64.7 (46-89.0) 70.0 (51.0-89.0) 68.3 (43.5-76.0)  0.038
Duration of 58.3
dialysis, months 66.3 (5-299) 46.3(5-173) 60.3 (89-221.0)  42.6 (25.6-202) (31.7-198.0) 0.036
Comorbidities,
n (%)
Previous CVI 20 (8.9%) 10 (5%) 10 (23.3%) 2 (4.6%) 8 (18.6%) 0.002
Ischemic heart o o o o o
A 33 (12.4%) 19 (10.%) 14 (32%) 6 (13.9%) 8 (18.6%) 0.71
HTA 185 (69.3%) 173 (95.5%) 12 (27.9%) 5 (11.6%) 7 (16.2%) 0.75
(Hypertension) . o . o . o . o . (o] .
Heart failure 43(19.9%) 37 (20.4%) 7 (16.2%) 4(9.3%) 3 (6.9%) 0.36
Diabetes 68 (30.3%) 35 (51.4%) 33 (48.55) 20 (60.6%) 13 (39.4%) 0.022
Blood chemistry
Hemoglobin g/L 103.2 + 11.5 102.1 £ 114 103.2 £ 11.1 101.3 + 10.1 102.1 +10.2 0.9
White blood cells =, 54 61+21 63+17 71+25 64+1.1 0.9
count, x10” /L
ili‘églficoum’ 164.3 + 68.2 197.1 + 50.2 170.5 + 41.1 146.4 + 61.4 131.0 + 40.9 0.63
INR (PT) 1.6+04 1.3£02 1.5.0£0.1 20+04 24+0.1 0.09
aPTT (seconds) 33.6 +13.7 322+113 31.8 £13.1 333 +4.6 38.8+9.4 0.68
Fibrinogen (g /L) 50+1.2 42+1.2 52+14 56+14 54+12 0.88
Medications
RAAS blockers 135 (74.5%) 100 (55.2%) 35 (81.3%) 10 (23.3%) 24 (55.8%) 0.07
Calcium blockers 106 (58.5%) 84 (46.4%) 22 (51.1%) 10 (23.3%) 12 (27.9%) 0.06
Statins 31 (17.1%) 15 (8.2%) 16 (37.2%) 8 (18.6%) 8 (18.6%) 0.61

Abbreviations: AF—atrial fibrillation; CVI—cerebrovascular insult; RAAS—renin-angiotensin-aldosterone.

3.1. Bleeding Events

During the follow-up period, a total of 80 patients (35.7%) experienced at least one
bleeding event. Among these, 21 patients (9.4%) had major bleeding episodes, 23 patients
(10.3%) had clinically relevant non-major bleeding, while 24 patients (10.7%) had minor
bleeding. Twelve patients (5.3%) died due to bleeding-related complications. The data are
presented in Table 2.

In the AF subgroup, bleeding events occurred in 22 patients (51.2%). The patients
with AF had a notably higher percentage of any bleeding compared to those without AF,
and the difference was statistically significant (p = 0.029). The odds ratio (OR) for any
bleeding event in the patients with AF compared to those without AF was 2.21 (95% CI:
1.10-4.43), indicating that the AF patients were more than twice as likely to experience a
bleeding event. Major bleeding occurred in 8 patients (18.6%) with AF and in 13 patients
(7.18%) without AF (p = 0.043), with an OR of 2.92 (95% CI: 1.15-7.44), suggesting an almost
threefold increased risk of major bleeding in the patients with AF.



Medicina 2024, 60, 1760

60of 11

Table 2. Bleeding events by patient subgroup.

All the Patients Without AF

Bleeding Outcome With AF (n=43)  p Value

(n =224) (n=181)
Any bleeding 80 (35.7%) 58 (32.4%) 22(51.2%) 0.029
® Major bleeding 21 (9.4%) 13 (7.18%) 8 (18.6%) 0.043
* Chnﬁzggi;‘;evam 23 (10.3%) 20 (11.4%) 3 (7.0%) 0.61
e Minor bleeding 24 (10.7%) 19 (10.5%) 5 (11.6%) 1
Death due to bleeding 12 (5.3%) 6 (3.3%) 6 (14%) 0.016

During the follow-up period, major bleeding occurred more frequently in the patients
on combined warfarin and aspirin therapy compared to those on warfarin monotherapy.
Specifically, 18.6% of the patients on combined therapy experienced major bleeding, com-
pared to 7.18% of the patients on warfarin alone (p = 0.016). The OR for major bleeding in
the patients receiving combined warfarin and aspirin therapy was 2.56 (95% CI: 1.43-4.66),
indicating a more than twofold increased risk of major bleeding in this group compared to
that on warfarin monotherapy. For CRNMB, the OR for the patients on combined therapy
was 2.34 (95% CI: 1.46-6.13, p = 0.0202), compared to those on warfarin alone. These
results suggest that combination therapy significantly elevates the risk of both major and
non-major bleeding.

A total of 12 patients (5.3%) died due to bleeding-related complications during the
study period. Among those, seven patients (14%) were in the warfarin group, and five
patients (3.3%) were in the non-warfarin group. The odds ratio (OR) for bleeding-related
death in the warfarin group compared to the non-warfarin group was 4.72 (95% CI: 1.38—
16.16, p = 0.016). The higher rate of fatal outcomes in the AF patients underscores the
heightened bleeding risk in this subgroup, particularly among those receiving aggressive
anticoagulation therapy.

3.2. Thrombotic Events

A total of 60 thrombotic events in 42 patients occurred during the study period,
representing 26.8% of the cohort. In contrast to the increased risk of bleeding, the AF
patients also faced a markedly higher risk of thrombotic events, with nearly half of the
patients with AF (48.8%) experiencing at least one thrombotic event compared to 21.5% of
the non-AF patients. Ischemic stroke and myocardial infarction were the most common
thrombotic events, with the AF patients being significantly more likely to suffer from these
complications. The rate of ischemic stroke in the AF patients (18.6%) was much higher than
in those without AF (3.86%, p = 0.0117), reflecting the well-established link between AF
and thromboembolism. Similarly, MI occurred in 11.6% of the AF patients compared to
2.8% of the non-AF patients (Table 3).

Thrombotic events contributed to a significant number of deaths in the study popula-
tion. Overall, 12 patients (5.35%) died due to thrombosis-related complications. Similar to
the findings for major bleeding, the patients with AF had a much higher mortality rate from
thrombotic events (16.2%) compared to those without AF (2.8%, p = 0.0016). The higher
mortality in the AF patients suggests that thrombosis is a leading cause of death in this
subgroup, despite the use of anticoagulation therapy.
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Table 3. Thrombotic events by patient subgroup.
. All the Patients Without AF .

Thrombotic Outcome (n = 224) (= 181) With AF (n =43)  p Value
Any thrombotic event 60 (26.8%) 39 (21.5%) 21 (48.8%) 0.0006

e Ischemic stroke 15 (6.7%) 7 (3.86%) 8(18.6%) 0.0117

o AVF thrombosis 28 (12.5%) 21 (11.6%) 7(16.2%) 0.563

e Myocardial infarction 10 (4.5%) 5(2.8%) 5 (11.6%) 0.034

e PTE 7 (3.5) 6(3.3) 1(2.32) 1
Death due to o o o

thrombosis 12 (5.35%) 5 (2.8%) 7 (16.2%) 0.0016

Abbreviations: AVF—arteriovenous fistula; PTE—pulmonary thromboembolism.

3.3. Overall Mortality

The mortality due to all causes was significantly higher in the patients with AF, with
14% of the deaths attributable to bleeding and 16.2% to thrombotic events. The hazard
ratios (HR) for major bleeding and thrombotic events in the patients on combined warfarin
and aspirin therapy were elevated, with an HR of 2.56 for major bleeding (p = 0.016) and
2.34 for clinically relevant bleeding (p = 0.0202) (Table 4). Warfarin monotherapy, while still
associated with major bleeding, was not as strongly predictive of such events compared
to the combined therapy. The patients on warfarin monotherapy had a lower incidence
of thrombotic events than those on the combined therapy but still faced a notable risk of
ischemic stroke (HR = 0.81, p = 0.11). The combined therapy group had a significantly
higher rate of thrombotic events compared to the other two groups. This group had
elevated hazard ratios for thrombotic events, including myocardial infarction (HR = 0.76, p
=0.1) and ischemic stroke (HR = 0.72, p = 0.683), although statistical significance was not
reached in all the cases. The trend suggests that while the combined therapy may reduce
some thrombotic risks, it does not fully mitigate them, and the increased risk of bleeding
must also be considered.

Table 4. Hazard ratios for thrombotic and bleeding events in the patients on warfarin and the
combined warfarin—-aspirin therapy.

Warfarin Warfarin + Aspirin
HR (95% CI) p-Value HR (95% CI) p-Value
Thrombotic event
e Myocardial infarction 081 (0.52-0.89) 0.11 0.76 (0.67-1.28) 0.1
e PTE 0.86 (0.75-1.45) 0.361 0.88 (0.62-1.13) 0.378
o Ischemic stroke 0.77 (0.41-1.67) 0.479 0.72 (0.05-1.63) 0.683
Bleeding
® Major bleeding 1.14 (0.92-3.12) 0.684 2.56 (1.43-4.66) 0.016
* Clinically relevant 4 314 175 81) 0.254 2.34 (1.46-6.13) 0.0202
bleeding
e Minor bleeding 0.91 (0.76-1.60) 0.62 1.01 (0.91-1.28) 0.90
All cause deaths 1.79 (1.45-3.7) 0.0148 1.98 (1.68-5.12) 0.0163

Abbreviations: PTE—pulmonary thromboembolism.

4. Discussion

The findings of this study highlight a significantly enhanced risk of both bleeding and
thrombotic events in chronic HD patients with AF, especially those on combined warfarin
and aspirin therapy. The risk of major bleeding in the AF patients (18.6%) was notably
higher compared to the non-AF patients (7.18%, p = 0.043), a result consistent with the
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current literature. Two independent studies similarly reported a significantly elevated risk
of bleeding complications in dialysis patients receiving anticoagulation therapy, particularly
among those treated with combined anticoagulants [15,16].

In the present study, the risk of major bleeding was more pronounced in the patients
on the combined warfarin and aspirin therapy (18.6%) than in those receiving the war-
farin monotherapy (7.18%, p = 0.016). The combined warfarin and aspirin therapy, while
beneficial in reducing thrombotic risk, significantly increased the hazard ratio (HR = 2.56,
p = 0.016) for major bleeding events compared to the warfarin monotherapy (HR = 1.14,
p = 0.684). This finding is consistent with the results from a systematic review by Lei
et al., which demonstrated that warfarin significantly increases the risks of major bleed-
ing, including hemorrhagic stroke, in hemodialysis patients [12]. Comparable trends
have been observed in other studies where the authors reported that combined anticoagu-
lant and antiplatelet therapy was associated with a higher risk of major bleeding events
in patients with chronic kidney disease (CKD), which aligns with the findings of this
study [17,18]. Additionally, Daimon et al. found that bleeding risks were significantly
elevated in hemodialysis patients using warfarin and aspirin, with a bleeding event rate of
9.81 per 10,000 patient-days for warfarin and 7.37 for aspirin [19].

The increased risk of thrombotic events in AF patients, particularly ischemic stroke
and myocardial infarction, was another key finding of our study. Nearly half of the AF
patients (48.8%) experienced a thrombotic event; 18.6% of them suffered from ischemic
stroke compared to 3.86% in the non-AF patients.

This is concordant with the well-established association between AF and thromboem-
bolic events in HD patients. Olesen et al. also found a marked increase in ischemic
stroke risk in HD patients with AF, stressing the vulnerability of this patient popula-
tion [20]. Our results further emphasize the potential dangers when aspirin is added to the
treatment regimen.

On the other hand, the rate of myocardial infarction was remarkably higher in the AF
patients (11.6%) compared to those without AF (2.8%, p = 0.034). Earlier research supports
this finding, noting that AF is a potent risk factor for cardiovascular events, including MI,
in CKD and dialysis patients [21].

Overall, the thrombotic event-related mortality among the AF patients (16.2%) was
alarmingly high, echoing the results of the recent research reporting correspondingly high
mortality rates associated with thrombotic complications in this population [22].

In contrast to other reports that suggested that warfarin monotherapy could effec-
tively reduce the thrombotic risk without a disproportionate increase in bleeding [23,24],
our findings indicate that warfarin monotherapy still carries a substantial bleeding risk.
However, the bleeding risk was comparatively lower than with combined therapy.

Interestingly, despite the elevated risk of thrombotic events in the patients on combined
warfarin and aspirin therapy, the risk reduction was not statistically significant in some
cases, suggesting that while combined therapy may pose reduced thrombotic risks, it
exposes one to significant bleeding risks. This finding is consistent with the results from
prior studies which reported similar trends in anticoagulated CKD populations [25,26].

Our findings significantly impact the anticoagulation management in HD patients,
especially those with AF. The study shows that although anticoagulant therapy, particularly
warfarin in combination with aspirin, may provide some protection against thrombotic
events, it is also associated with a high rate of bleeding complications, including major
bleeding and bleeding-related mortality. This is remarkably relevant for patients with a
history of cerebrovascular incidents, who showed an even higher bleeding risk when treated
with the combined therapy. The increased risk of these events in this population reaffirms
the need for meticulous patient evaluation and individualization of antithrombotic therapy.

Given these findings, clinicians need to carefully assess the risk-benefit ratio for
anticoagulation among HD patients. Current recommendations for AF anticoagulation
may underestimate the potential bleeding risk in HD patients, highlighting the need for
more tailored guidelines. For instance, a critical area for future research is the development
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of more refined risk stratification tools to identify HD patients who are most likely to
benefit from anticoagulation while minimizing the adverse outcomes. The current risk
models, such as the CHA;DS,-VASc and HAS-BLED scores, may not fully capture the
unique bleeding and thrombotic risks in patients with ESKD, highlighting the need for
tailored scoring systems that better reflect the clinical complexness of this population.
Given these risks, recent studies have highlighted the potential alternatives to warfarin,
such as Direct Oral Anticoagulants (DOACs), which may provide a safer profile for patients
with CKD. For example, the IRIS registry demonstrated the efficacy of rivaroxaban in
reducing thromboembolic risk with potentially fewer bleeding complications in patients
with CKD [27]. Additionally, the REGUEIFA registry, a multicenter study comparing
vitamin K antagonists (such as warfarin) with DOACs, found that patients on DOACs
reported higher satisfaction and a better health-related quality of life, as well as a lower
incidence of adverse events, particularly bleeding [28].

A recent systematic review and meta-analysis conducted by de Lucena et al. [29],
compared the efficacy and safety of DOACs with vitamin K antagonists in patients with
AF on chronic hemodialysis. Their findings indicated that DOACs, particularly apixaban,
were associated with a reduced risk of major bleeding compared to warfarin, without a
significant increase in thromboembolic events. The study also suggested that DOACs offer
a favorable safety profile in this high-risk population despite the concerns about their use
in patients with advanced CKD due to the altered pharmacokinetics.

These findings support the growing body of literature suggesting that DOACs could
be a viable alternative to warfarin in patients with CKD and AF, particularly those at high
risk of bleeding. However, the use of DOACs in ESKD remains somewhat controversial, as
not all DOACs have been extensively studied in this population.

Further research is needed to solidify the role of DOACs in this population, but the
current evidence suggests that they may help balance the prevention of thrombotic events
with the reduction in bleeding risk, a major challenge in managing AF in CKD patients.

Finally, further research is needed to explore the impact of combination therapy
with anticoagulants and antiplatelet agents. Although our findings suggest an increased
bleeding risk in patients on warfarin and aspirin, it is unclear whether this combination
provides sufficient thrombotic protection to justify the higher risk of bleeding. Prospective
studies comparing different anticoagulation strategies, including monotherapy versus
combination therapy, are essential to guide more effective clinical decision making in this
vulnerable group.

Study Limitations

There were some limitations to our study that should be acknowledged. First, this
was a single-center study, and the results may not be generalizable to all HD populations.
Additionally, while we were able to identify the associations between anticoagulation ther-
apy and bleeding/thrombotic outcomes, the observational design of the study precludes
the ability to infer causality. Randomized controlled trials are needed to further elucidate
the optimal approach to anticoagulation in HD patients with AF and to determine whether
alternative therapies, such as DOACs or individualized dosing regimens, could reduce the
risk of bleeding while maintaining the thromboembolic protection.

5. Conclusions

This study reinforces the complex relationship between anticoagulation, bleeding, and
thrombosis in HD patients with AF. As previously shown, patients receiving combined
warfarin and aspirin therapy encounter a significantly higher risk of bleeding, while war-
farin monotherapy, though less risky, still carries substantial bleeding and thrombotic risks.
Clinicians must weigh these risks carefully when considering the therapeutic strategies
for HD patients, especially those with AF. Future research should focus on identifying
the subgroups of patients that benefit most from anticoagulant and antiplatelet therapy
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while minimizing the adverse outcomes, as well as exploring alternative anticoagulation
strategies that offer a more favorable risk profile in this high-risk population.

Author Contributions: Conceptualization, Z.M.D. and S.S.; methodology, Z.M.D. and T.V,; software,
D.D.T; validation, K.P. and B.P.M.; formal analysis, Z.M.D. and T.V.; investigation, Z.M.D. and K.P.;
resources, D.D.T.; data curation, B.P.M.; writing—original draft preparation, Z.M.D.; writing—review
and editing, S.S.; visualization, T.V.; supervision, S.S.; project administration, Z.M.D. All authors have
read and agreed to the published version of the manuscript.

Funding: The Study was performed under the INT-MF61 project from The Medical Faculty, University
of Nis, Serbia. However, no financial grant or funding were received.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of University Clinical Center Nis (approval
number 39454; 1 November 2019).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: The authors would like to express their gratitude to the medical staff of the
Hemodialysis Unit at the University Clinical Center Nis, Serbia, for their valuable contribution during
the study.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

Catella, J.; Bertoletti, L.; Mismetti, P; Ollier, E.; Samperiz, A.; Soler, S.; Surifiach, ]. M.; Mahé, I.; Lorente, M.A.; Braester, A.; et al.
Severe renal impairment and risk of bleeding during anticoagulation for venous thromboembolism. J. Thromb. Haemost. 2020, 18,
1728-1737. [CrossRef] [PubMed]

Escolar, G.; Diaz-Ricart, M.; Cases, A. Uremic platelet dysfunction: Past and present. Curr. Hematol. Rep. 2005, 4, 359-367.
[PubMed]

Kozek-Langenecker, S.A.; Masaki, T.; Mohammad, H.; Green, W.; Mohammad, S.F.; Cheung, A K. Fibrinogen fragments and
platelet dysfunction in uremia. Kidney Int. 1999, 56, 299-305. [CrossRef]

Soler-Espejo, E.; Esteve-Pastor, M.A.; Rivera-Caravaca, ].M.; Roldan, V.; Marin, F. Reducing bleeding risk in patients on oral
anticoagulation therapy. Expert Rev. Cardiovasc. Ther. 2023, 21, 923-936. [CrossRef]

Konigsbriigge, O.; Posch, F.; Antlanger, M.; Kovarik, J.; Klauser-Braun, R.; Kletzmayr, J.; Schmaldienst, S.; Auinger, M.; Zuntner,
G.; Lorenz, M,; et al. Prevalence of atrial fibrillation and antithrombotic therapy in hemodialysis patients: Cross-sectional results
of the Vienna Investigation of AtriaL Fibrillation and Thromboembolism in Patients on HemoDIlalysis (VIVALDI). PLoS ONE
2017, 12, e0182798.

Wang, E.Y.; Hulme, O.L.; Khurshid, S.; Weng, L.C.; Choi, S.H.; Walkey, A.]J.; Ashburner, ] M.; McManus, D.D.; Singer, D.E.; Atlas,
S.J.; et al. Initial precipitants and recurrence of atrial fibrillation. Circ. Arrhythm. Electrophysiol. 2020, 13, e007716. [CrossRef]
Konigsbriigge, O.; Meisel, H.; Beyer, A.; Schmaldienst, S.; Klauser-Braun, R.; Lorenz, M.; Auinger, M.; Kletzmayr, J.; Hecking, M.;
Winkelmayer, W.C.; et al. Anticoagulation use and the risk of stroke and major bleeding in patients on hemodialysis: From the
VIVALD], a population-based prospective cohort study. J. Thromb. Haemost. 2021, 19, 2984-2996. [CrossRef] [PubMed]

Van Der Meersch, H.; De Bacquer, D.; De Vriese, A.S. Vitamin K antagonists for stroke prevention in hemodialysis patients with
atrial fibrillation: A systematic review and meta-analysis. Am. Heart ]. 2017, 184, 37-46. [CrossRef]

Tan, J.; Liu, S.; Segal, ].B.; Alexander, G.C.; McAdams-DeMarco, M. Warfarin use and stroke, bleeding, and mortality risk in
patients with end-stage renal disease and atrial fibrillation: A systematic review and meta-analysis. BMIC Nephrol. 2016, 17, 157.
[CrossRef] [PubMed]

Elliott, M.].; Zimmerman, D.; Holden, R.M. Warfarin anticoagulation in hemodialysis patients: A systematic review of bleeding
rates. Am. ]. Kidney Dis. 2007, 50, 433—440. [CrossRef]

Bansal, N. Use of oral anticoagulation for patients with ESRD on hemodialysis with atrial fibrillation: Verdict 1. Clin. J. Am. Soc.
Nephrol. 2016, 11, 2093-2094. [CrossRef] [PubMed] [PubMed Central]

Lei, H.; Yu, L.T.; Wang, WN.; Zhang, S.G. Warfarin and the risk of death, stroke, and major bleeding in patients with atrial
fibrillation receiving hemodialysis: A systematic review and meta-analysis. Front. Pharmacol. 2018, 9, 1218. [CrossRef] [PubMed]
Schulman, S.; Kearon, C. Definition of major bleeding in clinical investigations of antihemostatic medicinal products in non-
surgical patients. J. Thromb. Haemost. 2005, 3, 692-694. [CrossRef]


https://doi.org/10.1111/jth.14837
https://www.ncbi.nlm.nih.gov/pubmed/32299150
https://www.ncbi.nlm.nih.gov/pubmed/16131436
https://doi.org/10.1046/j.1523-1755.1999.00518.x
https://doi.org/10.1080/14779072.2023.2275662
https://doi.org/10.1161/CIRCEP.119.007716
https://doi.org/10.1111/jth.15508
https://www.ncbi.nlm.nih.gov/pubmed/34418291
https://doi.org/10.1016/j.ahj.2016.09.016
https://doi.org/10.1186/s12882-016-0368-6
https://www.ncbi.nlm.nih.gov/pubmed/27769175
https://doi.org/10.1053/j.ajkd.2007.06.017
https://doi.org/10.2215/CJN.08610816
https://www.ncbi.nlm.nih.gov/pubmed/27797899
https://pmc.ncbi.nlm.nih.gov/articles/PMC5108201
https://doi.org/10.3389/fphar.2018.01218
https://www.ncbi.nlm.nih.gov/pubmed/30459610
https://doi.org/10.1111/j.1538-7836.2005.01204.x

Medicina 2024, 60, 1760 11 of 11

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kaatz, S.; Ahmad, D.; Spyropoulos, A.C.; Schulman, S. Definition of clinically relevant non-major bleeding in studies of
anticoagulants in atrial fibrillation and venous thromboembolic disease in non-surgical patients: Communication from the SSC of
the ISTH. J. Thromb. Haemost. 2015, 13, 2119-2126. [CrossRef] [PubMed]

Wizemann, V.; Tong, L.; Satayathum, S.; Disney, A.; Akiba, T.; Fissell, R.B.; Kerr, P.; Young, E.W.; Robinson, B.M. Atrial fibrillation
in hemodialysis patients: Clinical features and associations with anticoagulant therapy. Kidney Int. 2014, 66, 65-70. [CrossRef]
[PubMed]

Kuno, T.; Takagi, H.; Ando, T.; Sugiyama, T.; Miyashita, S.; Valentin, N.; Shimada, Y.J.; Kodaira, M.; Numasawa, Y.; Briasoulis, A.;
et al. Oral anticoagulation for patients with atrial fibrillation on long-term hemodialysis. J. Am. Coll. Cardiol. 2020, 75, 273-285.
[CrossRef]

Chan, K.E.; Lazarus, ].M.; Thadhani, R.; Hakim, R.M. Warfarin use associates with increased risk for stroke in hemodialysis
patients with atrial fibrillation. . Am. Soc. Nephrol. 2015, 20, 2223-2233. [CrossRef]

Aursulesei, V.; Costache, LI. Anticoagulation in chronic kidney disease: From guidelines to clinical practice. Clin. Cardiol. 2019,
42,774-782. [CrossRef]

Daimon, S. Adverse effect of antithrombotic medications on bleeding events and comparison of antithrombotic agents in
hemodialysis patients. Ther. Apher. Dial. 2019, 23, 32-37. [CrossRef]

Olesen, ].B.; Lip, G.Y.; Kamper, A.L.; Hommel, K.; Keber, L.; Lane, D.A.; Lindhardsen, J.; Gislason, G.H.; Torp-Pedersen, C. Stroke
and bleeding in atrial fibrillation with chronic kidney disease. N. Engl. ]. Med. 2012, 367, 625-635. [CrossRef]

Liao, J.N.; Chao, T.F; Liu, C.J.; Wang, K.L.; Chen, S.J.; Lin, Y.J.; Chang, S.L.; Lo, LW.; Hu, Y.F,; Tuan, T.C.; et al. Incidence and
risk factors for new-onset atrial fibrillation among patients with end-stage renal disease undergoing renal replacement therapy.
Kidney Int. 2015, 87, 1209-1215. [CrossRef]

Ocak, G.; Noordzij, M.; Rookmaaker, M.B.; Cases, A.; Couchoud, C.; Heaf, ].G,; Jarraya, F.; De Meester, J.; Groothoff, JW.,;
Waldum-Grevbo, B.E.; et al. Mortality due to bleeding, myocardial infarction and stroke in dialysis patients. J. Thromb. Haemost.
2018, 16, 1953-1963. [CrossRef] [PubMed]

Shen, ].I,; Montez-Rath, M.E.; Lenihan, C.R.; Turakhia, M.P.; Chang, T.I.; Winkelmayer, W.C. Outcomes after warfarin initiation
in a cohort of hemodialysis patients with newly diagnosed atrial fibrillation. Am. J. Kidney Dis. 2015, 66, 677—-688. [CrossRef]
[PubMed]

Kai, B.; Bogorad, Y.; Nguyen, L.N.; Yang, S.-].; Chen, W.; Spencer, H.T.; Shen, A.Y.-].; Lee, M.-S. Warfarin use and the risk of
mortality, stroke, and bleeding in hemodialysis patients with atrial fibrillation. Heart Rhythm 2017, 14, 645-651. [CrossRef]
[PubMed]

Heine, G.H.; Brandenburg, V.; Schirmer, S.H. Oral anticoagulation in chronic kidney disease and atrial fibrillation. Dtsch. Arztebl.
Int. 2018, 115, 287-294. [CrossRef] [PubMed]

Akbar, M.R,; Febrianora, M.; Igbal, M. Warfarin usage in patients with atrial fibrillation undergoing hemodialysis in the Indonesian
population. Curr. Probl. Cardiol. 2023, 48, 101104. [CrossRef]

Lavalle, C.; Pierucci, N.; Mariani, M.V.; Piro, A.; Borrelli, A.; Grimaldi, M.; Rossillo, A.; Notarstefano, P.; Compagnucci, P.; Dello
Russo, A ; et al. Italian Registry in the Setting of Atrial Fibrillation Ablation with Rivaroxaban—IRIS. Minerva Cardiol. Angiol.
2024, ahead of print. [CrossRef] [PubMed]

Cabanas-Grandio, P; Gonzalez-Melchor, L.; Caamafio, M.V.; Windcheid, E.F.--O.; Babarro, E.G.; Bobin, O.D.; Portela, M.P.; Delgado,
O.P; Teja, J.E.; Feijoo, M.G.; et al. Health-Related Quality of Life and Satisfaction in Atrial Fibrillation Patients on Anticoagulant
Therapy: Differences between Vitamin K Antagonists and Direct Oral Anticoagulants; Results from the Multicentre REGUEIFA
Registry. J. Clin. Med. 2024, 13, 5283. [CrossRef]

de Lucena, L.A.; Freitas, M.A.A.; Souza, A.K.C.; Silva, C.H.A.; Watanabe, ].M.F,; Guedes, F.L.; Almeida, ]J.B.; de Oliveira, R.A.
Direct Oral Anticoagulants versus Vitamin K Antagonists in Patients with Atrial Fibrillation and Stage 5 Chronic Kidney Disease
under Dialysis: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. J. Thromb. Thrombolysis 2024, 57,
381-389. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/jth.13140
https://www.ncbi.nlm.nih.gov/pubmed/26764429
https://doi.org/10.1038/ki.2009.477
https://www.ncbi.nlm.nih.gov/pubmed/20054291
https://doi.org/10.1016/j.jacc.2019.10.059
https://doi.org/10.1681/ASN.2009030319
https://doi.org/10.1002/clc.23196
https://doi.org/10.1111/1744-9987.12744
https://doi.org/10.1056/NEJMoa1105594
https://doi.org/10.1038/ki.2014.393
https://doi.org/10.1111/jth.14254
https://www.ncbi.nlm.nih.gov/pubmed/30063819
https://doi.org/10.1053/j.ajkd.2015.05.019
https://www.ncbi.nlm.nih.gov/pubmed/26162653
https://doi.org/10.1016/j.hrthm.2017.01.047
https://www.ncbi.nlm.nih.gov/pubmed/28185918
https://doi.org/10.3238/arztebl.2018.0287
https://www.ncbi.nlm.nih.gov/pubmed/29789105
https://doi.org/10.1016/j.cpcardiol.2022.101104
https://doi.org/10.23736/S2724-5683.24.06546-3
https://www.ncbi.nlm.nih.gov/pubmed/38814252
https://doi.org/10.3390/jcm13175283
https://doi.org/10.1007/s11239-023-02945-0
https://www.ncbi.nlm.nih.gov/pubmed/38281231

	Introduction 
	Materials and Methods 
	Outcomes and Definitions 
	Study Population 
	Sample Size and Power Analysis 
	Anticoagulation and Antiplatelet Therapy 
	Statistical Analysis 

	Results 
	Bleeding Events 
	Thrombotic Events 
	Overall Mortality 

	Discussion 
	Conclusions 
	References

