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• At the population level, heparin use is both safe and effective irrespective of 
systemic anticoagulant or antiplatelet agent status. 

 – These data suggest that heparin use should be withheld only in the case of 
compelling clinical circumstance.

 – The basis for the decision to withhold heparin should not simply be the 
presence of a systemic anticoagulant or antiplatelet medication.
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Heparin – Heparin + Heparin – Heparin + Heparin – Heparin + Heparin – Heparin +
Patient-months, n 408,782 1,577,201 230,772 1,010,582 62,281 126,616 34,835 70,011
Age, y   mean ± SD 62.0 ± 15.5 59.0 ± 15.2 67.5 ± 12.7 65.0 ± 12.7 66.6 ± 14.3 64.1 ± 14.6 67.9 ± 12.0 66.1 ± 12.2
Sex, female, % 46.1 43.1 46.2 44.4 47.5 46.8 40.1 39.5N/S

Race, %
White
Black
Hispanic
O/U/M

36.1
35.7
17.9
10.3

29.0
39.6
22.7
8.8

42.1
33.0
15.7
9.3

36.5
35.1
19.1
9.4

50.2
31.7
11.2
7.0

46.4
36.1
11.7
5.8

54.6
30.9
8.4
6.2

51.3
32.7
10.5
5.6

Access, %
AVF
AVG
CVC/O/M

52.9
15.8
31.3

67.7
16.5
15.8

64.4
20.1
15.5

64.1
19.3
16.7

59.5
24.4
16.0

55.1
22.0
22.9

60.0
21.8
18.2

55.2
21.2
23.6

Etiology, %
Diabetes
Hypertension
O/U/M

33.2
28.2
38.6

37.6
30.1
32.3

45.7
28.1
26.3

50.0
25.2
24.8

33.9
30.4
35.7

38.7
28.5
32.7

42.7
26.3
31.0

46.7
24.9
28.4

Vintage, months 
mean ± SD 54.8 ± 54.8 51.7  ± 50.7 54.8 ± 49.6 46.1 ± 45.6 62.9 ± 58.7 55.2 ± 54.5 54.7 ± 53.1 50.5 ± 52.1

Diabetes, % 63.2 66.2 75.2 79.4 64.4 68.4 71.8 76.8
CHF, % 10.7 10.0 16.3 12.8 16.6 15.5 19.2 18.0
Weight, kg 

mean ± SD 73.1 ± 19.1 82.4 ± 23.9 74.4 ± 18.7 83.1 ± 23.0 79.3 ± 21.6 88.5 ± 26.2 81.1 ± 20.5 88.7 ± 24.1
Height, in 

mean ± SD 65.7 ± 4.6 66.1 ± 4.6 65.7 ± 4.5 66.1 ± 4.5 66.1 ± 4.6 66.5 ± 4.6 66.7 ± 4.4 66.9 ± 4.5
Dialysis blood 
flow rate, mL/min  

mean ± SD 404.5 ± 51.6 405.5 ± 52.1 404.9 ± 50.8 402.9 ± 51.8 404.6 ± 49.9 401.1 ± 52.7 405.1 ± 50.6 403.1 ± 52.0
UF volume, L 

mean ± SD 2.0 ± 1.0 2.1 ± 1.1 2.0 ± 1.0 2.1 ± 1.0 2.0 ± 1.0 2.2 ± 1.1 2.1 ± 1.0 2.2 ± 1.1
DVT/PE, % 0.1 0.1 N/S 0.1 0.1 0.5 0.6 0.2 0.5

Within each systemic anticoagulant/antiplatelet exposure group, all variables differed significantly between heparin + vs heparin – (p<0.01) except where 
otherwise noted.
N/S Not significantly different between heparin + vs heparin within the systemic anticoagulant/antiplatelet exposure group (p>0.05)

Abbreviations: AVF, arteriovenous fistula; AVG, arteriovenous graft; CHF, congestive heart failure; DVT/PE, deep vein thrombosis/pulmonary embolism; 
O/U/M, other/unknown/missing; SD, standard deviation; UF, ultrafiltration

Table 1: Patient Characteristics by Systemic Medication and Heparin 
Status
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Methods
Study Design and Patients
• This was a retrospective, longitudinal, time-updated cohort study. All study data were derived from deidetified patient 

electronic health records.

• Study patients were those who, as of the first day of a calendar month between August 2015 and July 2017, were adults 
receiving in-center HD treatment. Veterans Affairs beneficiaries were excluded.  

• Patients were considered from the first month during the study period in which inclusion criteria were met until censoring for 
death, change in modality, transplant, recovery of renal function, withdrawal from dialysis, loss to follow-up or end of study 
(31 July 2017).

Exposures
• Exposure status was assessed on a time-updated basis; three exposures were considered for each calendar month:

 – Heparin use (bolus or continuous, irrespective of dose), adjudicated based on whether or not a patient had an active order 
for heparin as of the last treatment in the prior month.

 – Oral anticoagulant use, defined as an open medication order spanning the first day of the calendar month. 

 – Oral antiplatelet agent use, defined as an open medication order spanning the first day of the calendar month. 

Outcomes and Statistical Analysis
• Outcomes considered were anemia measures (medications, laboratory values), and safety signals (clotting, bleeding, 

hospitalization for gastrointestinal [GI] bleeding).

• Primary comparisons were between heparin+ and heparin- patients within strata defined by oral anticoagulant and 
antiplatelet agent use.

• Quantitative outcomes are presented as means, standard deviations (SD), and 95% confidence intervals (CI). Comparisons 
across groups were made using generalized linear models. Rate outcomes are presented as event counts, at-risk times, and 
crude rates. Comparisons across groups were made using Poisson or negative binomial models based on data fit. All models 
were adjusted for age, sex, race, vintage, etiology, access, diabetes, congestive heart failure, weight, height, and ultrafiltration 
volume; robust variance estimators were used to account for repeated observations made in individual patients. 

Objective
• To understand how the presence/absence of oral anticoagulants and oral 

antiplatelet agents impacts the effects of heparin use during HD with respect 
to anemia medication dosage and relevant laboratory measures of anemia 
status

• To evaluate the relative safety of heparin use during HD in the context of 
oral anticoagulants and antiaggregants with respect to bleeding, clotting, and 
hospitalization

Introduction
• Clotting during hemodialysis (HD) is a common adverse event that can 

decrease dialysis efficiency and contribute to anemia.1,2

• Heparin, delivered as either a bolus at the beginning of treatment or infused 
continuously throughout treatment, is the most common approach to prevent 
clotting during HD treatment.3,4

• Due to the high prevalence of comorbidities such as atrial fibrillation/
flutter, cardiovascular disease, and cerebrovascular disease, HD patients are 
frequently prescribed anticoagulants and/or antiplatelet medications.5

• Whether and to what degree systemic anticoagulants and antiplatelet agents 
are therapeutically redundant with heparin, and the extent to which their use 
may impact the safety of heparin administration during HD, remain unknown.

Baseline Characteristics
• Over 3.5 million patient-months were distributed across 8 exposure categories defined by 

heparin and systemic medication use (Table 1). 

• Within each systemic drug exposure stratum, heparin use was more common than  
non-use, and was associated with younger age, greater likelihood of male sex and lower 
likelihood of white race, shorter dialysis vintage, greater height and weight, and greater 
ultrafiltration volume.

• Within each systemic drug exposure stratum, differences were also observed across 
heparin exposure status with respect to the etiology of ESRD, vascular access type, prior 
diagnosis of diabetes, and prior diagnosis of congestive heart failure, although the direction 
of these differences was not consistent across systemic drug exposure categories.

 – All subsequent analyses were adjusted for these differences.

Figure 1: Association of Heparin Use with Outcomes by Systemic 
Anticoagulant and Antiplatelet Agent Status
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Anticoagulant –
Antiplatelet +

Anticoagulant +
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Anticoagulant +
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Heparin – Heparin + Heparin – Heparin + Heparin – Heparin + Heparin – Heparin +

Anemia Measures
Time at risk,

pt-months 408,782 1,577,201 230,772 1,010,582 62,281 126,616 34,835 70,011
ESA dose, U/treatment

mean ± SD 3975 ± 4694 3052 ± 3650 4198 ± 4410 3124 ± 3579 3790 ± 4499 3270 ± 3873 4183 ± 4611 3529 ± 3946
Unadjusted 
difference 
(95% CI)

0 (ref) -923
(-939, -907)

0 (ref)
-1073
(-1093, 
-1054)

0 (ref) -519
(-561, -478)

0 (ref) -654
(-711, -597)

Hemoglobin, g/dL
mean ± SD 10.4 ± 1.3 10.9 ± 1.3 10.5 ± 1.2 10.8 ± 1.2 10.7 ± 1.3 10.9 ± 1.3 10.6 ± 1.3 10.8 ± 1.3
Unadjusted 
difference 
(95% CI)

0 (ref) 0.47
(0.46, 0.47)

0 (ref) 0.34
(0.33, 0.35)

0 (ref) 0.21
(0.20, 0.22)

0 (ref) 0.24
(0.22, 0.26)

Peri-Treatment Events
Treatments at risk 4,221,890 1.88e+07 2,651,050 1.20e+07 726,166 1,495,374 398,776 812,830

Clotting
Events 26,113 60,526 13,867 37,413 2836 3937 1586 2225
Crude rate
(per 1000 
treatments) 6.19 3.22 5.23 3.12 3.91 2.63 3.98 2.74
Unadjusted IRD 
(95% CI)

0 (ref) -3.07
(-3.17, -2.97)

0 (ref) -2.14
(-2.25, -2.03)

0 (ref) -1.30
 (-1.50, -1.10)

0 (ref) -1.26
(-1.54, -0.97)

Peri-Treatment Bleeding
Events 730,896 2,636,631 603,192 2,279,024 159,764 287,369 89,530 173,911
Crude rate 
(per treatment) 0.17 0.14 0.23 0.19 0.22 0.19 0.22 0.21
Unadjusted IRD 
(95% CI)

0 (ref) -0.03
(-0.03, -0.03)

0 (ref) -0.04
(-0.04, -0.04)

0 (ref) -0.03
(-0.03, -0.02)

0 (ref) -0.01
(-0.02, -0.01)

Hospitalization for GI Bleeding
Time at risk,

pt-years 32,994 130,141 18,832 83,152 5099 10,414 2837 5730
Events 2588 3726 1781 3470 447 569 382 564
Crude rate
(per pt-year) 0.08 0.03 0.09 0.04 0.09 0.05 0.13 0.10
Unadjusted IRD
(95% CI)

0 (ref) -0.05
(-0.05, -0.05)

0 (ref) -0.05
(-0.06, -0.05)

0 (ref) -0.03
(-0.04, -0.02)

0 (ref) -0.04
(-0.05, -0.02)

Abbreviations: CI, confidence interval; ESA, erythropoiesis stimulating agent; IRD, incidence rate difference; pt, patient; SD, standard deviation

Table 2: Safety and Efficacy Outcomes by Systemic Medication and 
Heparin Status

Outcomes
• Across all 4 systemic drug exposure categories, heparin use was associated with a lower 

mean ESA dose per treatment and higher hemoglobin than non-use (Figure 1, top panels, 
and Table 2).

 – Heparin use was also associated with lower intravenous iron dose per month, and similar 
or higher values of ferritin and transferrin saturation, as compared to non-use (not 
shown).

• Across all 4 systemic drug exposure categories, heparin use was associated with a lower 
rate of clotting during treatment, and a similar rate of peri-treatment bleeding (Figure 1, 
lower panels, and Table 2). 

 – Results with respect to bleeding were similar when consideration was limited to patients 
with a permanent vascular access (not shown).

• Heparin use was not associated with higher rates of hospitalization for GI bleed in any 
systemic drug category (Figure 1 lower right, and Table 2).
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