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ABSTRACT
Extended-release dipyridamole plus low-dose aspirin (ERDP/ASA) prolongs primary unassisted graft patency
of newly created hemodialysis arteriovenous grafts, but the individual contributions of each component are
unknown. Here, we analyzed whether use of aspirin at baseline associated with primary unassisted graft
patency among participants in a randomized trial that compared ERDP/ASA and placebo in newly created
grafts. We used Cox proportional hazards regression, adjusting for prespecified baseline comorbidities and
covariates. Of all participants, 43% reported use of aspirin at baseline; of these, 82% remained on nonstudy
aspirin (i.e., excluding ERDP/ASA) at 1 year. After 1 year of follow-up, the incidence of primary unassisted
patency among participants using aspirin at baseline was 30% (95% CI: 24 to 35%) and among those not using
aspirin was 23% (95% CI: 18 to 27%). Use of aspirin at baseline associated with a dose-dependent prolongation of primary unassisted graft patency that approached statistical significance (adjusted HR, 0.83; 95% CI:
0.68 to 1.01; P ⫽ 0.06). Use of aspirin at baseline did not associate with prolongation of cumulative graft
patency or participant survival. In conclusion, use of aspirin associates with a trend toward longer
primary unassisted patency of newly placed hemodialysis grafts similar to that observed for
ERDP/ASA.
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A well-functioning vascular access is essential Table 1. Baseline characteristics of the participantsa
for maintenance hemodialysis. However,
On Aspirin at
Not on Aspirin at
vascular access failure occurs frequently and
Characteristic
Baseline
Baseline
(n ⴝ 279)
(n ⴝ 370)
results in substantial morbidity for patients
treated with hemodialysis.1 Loss of vascular Age, years
62.5 ⫾ 12.2b
55.1 ⫾ 14.9
access function is also costly.1 Vascular access Male, %
39.1
40.0
69.9
72.4
for hemodialysis may be provided by an au- Black, %
30.4 ⫾ 8.1
30.8 ⫾ 8.5
togenous arteriovenous fistula, an arterio- Body mass index, kg/m2
143.8 ⫾ 24.6
142.6 ⫾ 24.5
venous graft, or a central venous catheter. The Systolic BP, mmHg
76.0 ⫾ 13.8b
79.0 ⫾ 15.3
arteriovenous graft is considered a secondary Diastolic BP, mmHg
Diabetes mellitus, %
74.2b
54.3
choice for vascular access when a fistula canc
b
Cardiovascular
disease,
%
53.8
31.1
not be created.2 Although a graft does not reCerebrovascular disease,d %
24.0b
9.5
quire maturation, as is the case with fistulas, it Peripheral arterial disease,e %
19.7b
13.0
has a high rate of thrombosis requiring fre- Venous thromboembolic disease,f %
1.1
3.5
quent and costly interventions to maintain Current tobacco use, %
11.8b
18.6
patency.1,3,4 Angiographic studies have iden- Hemoglobin, g/dl
11.7 ⫾ 1.7
11.8 ⫾ 1.7
tified vascular stenosis, typically at the venous Serum albumin, g/dl
3.7 ⫾ 0.5
3.7 ⫾ 0.5
71.3
74.1
anastomosis, as the most common underly- Hemodialysis initiated before graft creation, %
3.2 ⫾ 2.2
3.5 ⫾ 2.2
ing etiology of thrombosis.5 A safe and cost- Time on hemodialysis, years
effective therapy to prevent access stenosis Values are means ⫾ SD. Conversion to SI units: to convert hemogloblin to g/L, multiply by 10. To
convert serum albumin to g/L, multiply by 10.
and subsequent thrombosis would greatly aComparisons were made using t tests for continuous variables and c2 tests for categorical variables.
b
improve the usefulness of grafts.
P ⬍ 0.05.
Previously, we showed in a multi- cIncludes history of myocardial infarction, angina, coronary artery angioplasty, coronary artery bypass
surgery, or congestive heart failure.
center placebo-controlled clinical trial dIncludes history of stroke, transient ischemic attack, or carotid endarterectomy.
that extended release dipyridamole plus eIncludes history of nontraumatic amputation, lower extremity angioplasty or bypass surgery, or
low dose aspirin (ERDP/ASA) had a sig- fclaudication.
Includes history of deep venous thrombosis or pulmonary embolism.
nificant but modest effect on prolonging
primary unassisted graft patency (hazard
ratio [HR] ⫽ 0.82; 95% confidence interval [CI] ⫽ 0.68 to Use of Nonstudy Aspirin
0.98; P ⫽ 0.03).6 ERDP was selected for that trial because it Forty-three percent of participants reported taking aspirin at
was believed to directly inhibit the vascular smooth muscle baseline. During follow-up, 94, 89, 84, and 82% of participants
cell proliferation underlying access stenosis.7 Because the who were on aspirin at baseline and did not reach the primary
only approved form of ERDP available in the United States outcome remained on nonstudy aspirin at 3, 6, 9, and 12
contained aspirin, we tested this drug combination in our months after randomization, respectively. For participants not
trial. Aspirin use was not an exclusion criterion for the on aspirin at baseline, initiation of nonstudy aspirin occurred
ERDP/ASA trial, and participants could take aspirin unre- in 6, 13, 16, and 19% of participants who had not reached the
lated to the trial intervention after randomization (referred primary outcome at 3, 6, 9, and 12 months after randomizato below as nonstudy aspirin). In this report, we describe a tion, respectively.
At baseline, 53% of participants taking aspirin received a
secondary cohort analysis of our trial to determine whether
baseline aspirin use, which also reflected nonstudy use of dose of 81 mg of aspirin per day and 38% received a dose of 325
aspirin during the follow-up period of the clinical trial, was mg of aspirin per day. The remaining 12% used doses of aspirin
associated with improved primary unassisted graft patency ranging from 12 to 800 mg/d. The dose of aspirin in one parand two secondary outcomes: cumulative graft patency and ticipant was unknown. The overall average daily dose of aspirin
at baseline was 221 ⫾ 188 (SD) mg and was not significantly
all-cause mortality.
different between the two randomized treatment groups
(ERDP/ASA ⫽ 230 ⫾ 190 mg/d; placebo ⫽ 212 ⫾ 186 mg/d).
The average daily dose of nonstudy aspirin in follow-up did
RESULTS
not differ significantly from that used at baseline or between
the two randomized groups at 3, 6, 9, or 12 months.
Participant Characteristics
The demographic and clinical characteristics of participants
stratified by baseline use of aspirin are shown in Table 1. Par- Outcomes
ticipants who reported taking aspirin at baseline were signifi- As shown in Figure 1, the loss of primary unassisted patency in
cantly older, had a lower diastolic BP, had a higher prevalence participants on aspirin at baseline tended to be less than that
of diabetes, and had a higher prevalence of vascular disease, but observed among participants not taking aspirin. After 1 year of
had less current use of tobacco.
follow-up, the loss of primary unassisted patency in partici774
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Figure 1. Primary unassisted patency is prolonged in patients on
aspirin at baseline. Cumulative incidence of loss of primary unassisted graft patency for baseline aspirin users (dashed line) and
nonusers (solid line). The median patency in the baseline aspirin
users and nonusers was 5.8 (95% CI, 4.8 to 7.4) and 4.1 months
(95% CI, 3.5 to 5.3; P ⫽ 0.13), respectively.

pants on aspirin at baseline was 70% compared with 77% for
participants not on aspirin at baseline. After adjusting for randomization group, differences in baseline covariates (age, diabetes history, cardiovascular disease, cerebrovascular disease,
peripheral arterial disease, smoking status, diastolic BP) and
prespecified factors (albumin and use of angiotensin converting enzyme inhibitor and/or angiotensin receptor blockers),
baseline aspirin use was associated with a 17% lower rate of loss
of primary unassisted graft patency compared with nonuse
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that did not reach predefined criteria for statistical significance
(HR ⫽ 0.83, 95% CI ⫽ 0.68 to 1.01; P ⫽ 0.06; Table 2).
The frequency of occurrence of individual components of
the primary outcome is shown in Table 2. Overall, the primary
outcome occurred in 81% of participants on aspirin at baseline
compared with 82% of participants not on aspirin at baseline.
Thrombosis was the most common cause of graft failure, occurring in 37% of participants on aspirin at baseline and 44%
of participants not on aspirin at baseline. Treatment with aspirin at baseline was associated with a 24% reduction in the
rate of thrombosis compared with participants not on aspirin
at baseline that did not reach predefined criteria for statistical
significance (HR ⫽ 0.76, 95% CI ⫽ 0.58 to 1.01, P ⫽ 0.06).
There was no statistically significant interaction between aspirin use at baseline and the randomized study intervention for
any component outcome.
Four different subgroups of aspirin exposure existed: patients who were users or nonusers of aspirin at baseline outside
of the clinical trial (the “observational comparison” in the first
panel of Table 3) and patients exposed to ERDP/ASA or placebo as part of the clinical trial (the “randomized comparison”
in the second panel of Table 3). Only one of these four subgroups was not exposed to any aspirin at randomization (i.e.,
nonusers of aspirin at baseline who were assigned to placebo).
Table 3 examines the relationship between the primary patency outcome for the overall comparison and within the subgroups of aspirin exposure in each of the two main treatment
comparisons (first two panels). The hazard ratio for the interaction term between subgroups of aspirin exposure within
each comparison group was not statistically significant (P ⫽

Table 2. Unassisted patency and secondary outcomes based on use of aspirin at baseline
Unassisted Patency
Overall loss of primary unassisted patency, %
Thrombosis, %b
Thrombosis with stenosis ⱖ50%, %
Thrombosis with stenosis ⬍50%, %
Thrombosis, no diagnostic procedure, %
Angioplasty, stenosis ³50% no thrombosis, %
Angioplasty, stenosis ⬍50% no thrombosis, %
Infection, %
Failure to use graft by 12 weeks in prevalent patient, %
Procedure for other reason, %c
Stenosis ⱖ50% with or without thrombosis, %
Secondary outcomes
cumulative graft failure, %
Death, %
Cumulative graft failure or death, %

On Aspirin at
Baseline (n ⴝ 279)

Not On Aspirin at
Baseline (n ⴝ 370)

Hazard Ratio (95%
Confidence Interval)a,b

225 (81%)
103 (37%)
64 (23%)
3 (1%)
36 (13%)
93 (33%)
2 (1%)
16 (6%)
4 (1%)
7 (3%)
157 (56%)

305 (82%)
163 (44%)
84 (23%)
5 (1%)
74 (20%)
103 (28%)
3 (1%)
19 (5%)
8 (2%)
9 (2%)
187 (51%)

0.83 (0.68, 1.01)
0.76 (0.58, 1.01)
0.90 (0.62, 1.31)
0.73 (0.15, 3.73)
0.60 (0.38, 0.95)
0.89 (0.64, 1.24)
NA
1.41 (0.63, 3.15)
0.60 (0.14, 2.56)
0.34 (0.18, 1.83)
0.90 (0.70, 1.14)

143 (51%)
110 (39%)
185 (66%)

191 (52%)
110 (28%)
241 (65%)

0.91 (0.71, 1.16)
1.04 (0.78, 1.40)
0.87 (0.70, 1.08)

a

Hazard ratio was obtained from a Cox model that adjust for randomization group and baseline variables including age, diabetes history, diastolic BP,
cardiovascular disease, cerebrovascular disease, peripheral arterial disease, smoking status, albumin, and use of angiotensin converting enzyme inhibitor and/or
angiotensin receptor blocker. The model was also stratified by access location and clinical center.
b
P ⬎ 0.05 for the interaction effect between intervention and use of aspirin at baseline for all endpoints.
c
Procedures done for other reasons. For the group on aspirin at baseline: access ligation for hand ischemia (four patients), angioplasty, or access ligation for
central vein stenosis (one patient), surgical revision for peudoaneursym without stenosis (one patient), and ligation for uncontrolled bleeding without angiogram
reported (one patient). For the group not on aspirin at baseline: access ligation for hand ischemia (three patients), angioplasty or access ligation for central vein
stenosis (three patients), surgical revision for peudoaneursym without stenosis (two patients), and ligation for uncontrolled bleeding without angiogram reported
(one patient).

J Am Soc Nephrol 22: 773–781, 2011

Aspirin and Dialysis Graft Patency

775

CLINICAL RESEARCH

www.jasn.org

Table 3. Relationship of primary unassisted patency with combinations of
randomized treatment assignment and baseline aspirin use
Type of Treatment Comparison
Observational comparisons
baseline aspirin use versus no
baseline aspirin use

Randomized comparisons
assignment to ERDP/ASA versus
assignment to placebo

Randomized/observational
comparison
patients randomized to ERDP/
ASA or receiving aspirin at
baseline (“any aspirin”) versus
patients randomized to
placebo and not receiving
aspirin at baseline (“no
aspirin”)

Subgroup

Hazard Ratio
(95% Confidence
Interval)

All patients
Patients assigned to the
placebo arm
Patients assigned to the
ERDP/ASA arm

0.83 (0.68 to 1.01)
0.73 (0.55 to 0.97)

All patients
Patients not taking aspirin
at baseline
Patients taking aspirin at
baseline

0.82 (0.68 to 0.99)
0.75 (0.59 to 0.96)

—

0.75 (0.61 to 0.93)

0.90 (0.67 to 1.22)

0.89 (0.66 to 1.19)

Shown are HRs for the overall comparison and each subgroup of aspirin exposure in the observational
trial (aspirin use vs. nonuse at baseline, first panel) and in the randomized trial (ERDP/ASA vs placebo,
second panel) as well as a post hoc comparison of patients randomized to ERDP/ASA or receiving
aspirin at baseline (“any aspirin”) vs. patients randomized to placebo and not receiving aspirin at
baseline (“no aspirin”; third panel). The p-value for the overall observational comparison between
aspirin users and nonusers was 0.06 (first panel), and for the overall comparison of randomized
treatment groups was 0.036 (second panel). The HRs for the interaction term comparing the two
randomized subgroups (ERDP/ASA vs placebo, first panel) did not differ significantly between aspirin
users and nonusers in the observational trial (P ⫽ 0.42). Similarly, the HRs for the interaction term
comparing the subgroups of aspirin users vs nonusers at baseline (second panel) did not differ
significantly between the two randomized groups in the randomized trial (P ⫽ 0.42).

0.42 for both the comparison of subgroups in the “observational” and the “randomized” comparison).
The bottom panel of Table 3 shows the result of the post hoc
analysis of the primary unassisted patency outcome for the
subgroup of patients with no aspirin exposure at randomization to the combined three subgroups of patients with some
aspirin exposure at randomization derived from the combined
observational and randomized studies. The rate of loss of primary unassisted patency was 25% lower in patients exposed to
any aspirin at randomization (i.e., patients who were either
randomized to ERDP/ASA or were aspirin users at baseline)
than in those patients not exposed to aspirin at randomization
(i.e., randomized to placebo and were not aspirin users at baseline, HR ⫽ 0.75, 95% CI ⫽ 0.61 to 0.93, P ⫽ 0.02). As shown in
Figure 2, in this post hoc analysis, the point estimate and 95%
CI for 1-year primary unassisted patency was 17.4% (11.3 to
23.6%) for the subgroup with no aspirin exposure at randomization (placebo and no ASA at baseline), whereas it was 29.7
(21.9 to 37.4%), 27.6 (20.8 to 34.3%), and 29.5% (21 to 37.9%)
for each of the three subgroups with some aspirin exposure at
randomization (placebo and on aspirin at baseline, ERDP/ASA
776
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and no aspirin at baseline, and ERDP/ASA
and on aspirin at baseline, respectively).
In a separate analysis, study participants
were categorized into the following groups
based on self-reported baseline aspirin use:
no aspirin (370 participants), a dose of 12
to 81 mg (n ⫽ 152 participants), or a dose
ⱖ325 mg of aspirin (n ⫽ 126 participants)
per day. The reduction in loss of primary
unassisted patency for participants on
baseline aspirin at doses of 12 to 81 mg/d
was 11% (HR ⫽ 0.89, 95% CI ⫽ 0.70 to
1.12, P ⫽ 0.30), whereas participants on
ⱖ325 mg/d of baseline aspirin experienced
a 24% (HR ⫽ 0.76, 95% CI ⫽ 0.59 to 0.99,
P ⫽ 0.04) reduction in loss of primary unassisted patency compared with participants not on aspirin at baseline (Figure 3).
The cumulative graft failure according
to baseline aspirin use is shown in Figure 4.
Although there was an early trend that appeared to favor aspirin use at baseline for
cumulative graft failure, overall there was
no statistically significant association between baseline aspirin use and any of the
secondary endpoints of cumulative graft
failure, death, or the composite of these two
outcomes (Table 2).
Adverse Events

Serious adverse events during follow-up
occurred in 56% of participants on aspirin
at baseline (1.34 events per participantyear) and in 53% not on aspirin at baseline
(1.30 events per participant-year; HR for aspirin at baseline ⫽
0.90; 95% CI ⫽ 0.71 to 1.13). As shown in Table 4, the risk of
bleeding, death, hospitalization, or vascular access events was
not statistically significantly increased among participants on
aspirin at baseline.

DISCUSSION

Use of aspirin at entry into the clinical trial of ERDP/ASA was
associated with a 17% lower risk of loss of primary unassisted
graft patency independent of treatment assignment in the clinical trial that did not meet predefined criteria for statistical
significance. This effect seemed to be dose dependent, with an
11 and 24% risk reduction in loss of primary graft patency for
participants on a baseline aspirin dose of 12 to 81 and ⱖ325 mg
per day, respectively. The magnitude of the reduction in loss of
primary unassisted graft patency associated with use of aspirin
at baseline was similar to the observed 18% reduction in the
rate observed for the randomized comparison of ERDP/ASA
versus placebo in the clinical trial.6 In contrast, as observed for
J Am Soc Nephrol 22: 773–781, 2011
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Figure 2. Primary unassisted graft patency is prolonged for all
groups exposed to aspirin. Primary unassisted graft patency and
95% confidence intervals at 1 year are shown for the four groups
of aspirin exposure: patients randomized to either ERDP/ASA or
placebo and patients who were users or nonusers of aspirin at
baseline.

ERDP/ASA in the randomized clinical trial, there was no statistically significant association between baseline aspirin use
and the secondary outcomes of cumulative graft patency or
participant survival.
A small randomized clinical trial reported that dipyridamole with or without aspirin, but not aspirin alone, reduced graft
thrombosis.8 However, larger studies of aspirin alone or in
combination with another anti-platelet agent have reported
trends for aspirin to improve graft patency.9 –11 The Dialysis
Outcomes and Practice Patterns Study (DOPPS) found that
treatment with aspirin was associated with a 16% (P ⫽ 0.069)
reduction in the adjusted relative risk for loss of primary graft
patency and a 30% (P ⬍ 0.001) lower risk of loss of cumulative
graft patency.10 A retrospective analysis of the U.S. Renal Data
System Mortality and Morbidity Wave II study found that use
of aspirin was associated with a 22% reduction in the hazard
ratio for graft failure (HR ⫽ 0.78, 95% CI ⫽ 0.48 to 1.26).11 A
randomized double-blind placebo controlled trial of aspirin
plus clopidogrel reported a 19% reduction in the hazard ratio
for loss of primary unassisted graft patency (HR ⫽ 0.81, 95%
CI ⫽ 0.49 to 1.40, P ⫽ 0.45), but was terminated early because
of increased risk of bleeding.9 Several smaller studies have also
reported a beneficial effect of aspirin or clopidogrel on hemodialysis graft patency.12–14 Compared with these prior vascular
access studies, this study had the largest number of participants
on aspirin and the reduction in the adjusted hazard ratio for
loss of primary unassisted graft patency (17%) was similar to
the prior studies (16 to 22%).9 –11 Collectively, these studies
suggest that aspirin may be effective in prolonging primary
patency of hemodialysis grafts. However, as noted for ERDP/
J Am Soc Nephrol 22: 773–781, 2011
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Figure 3. Prolongation of primary unassisted graft patency is
associated with a higher baseline dose of aspirin. Cumulative
incidence of loss of primary unassisted graft patency in patients
stratified into three levels of self-reported baseline aspirin use: no
aspirin use (solid line) or 12 to 81 mg/d (dashed line) or ⱖ325
mg/d (dotted line) of aspirin. Patients using 12 to 81 mg/d and ⱖ
325 mg/d of aspirin at baseline had an 11 (HR ⫽ 0.89, 95% CI ⫽ 0.70
to 1.12, P ⫽ 0.30) and 24% (HR ⫽ 0.76, 95% CI ⫽ 0.59 to 0.99, P ⫽
0.04) reduction in loss of primary unassisted patency compared with
participants on no aspirin at baseline, respectively.

ASA in our randomized clinical trial, the overall effect is clinically modest.6
The hypothesis for the clinical trial was that ERDP directly
acts on vascular smooth muscle to inhibit the progression of
venous stenosis, leading to graft thrombosis.7 However, aspirin works primarily as an anti-platelet agent. The observation
in this study that ERDP/ASA and nonstudy aspirin prolong
primary unassisted graft patency to a similar degree raises the
question whether the effect of both drugs is mediated primarily
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Figure 4. Cumulative graft patency is not prolonged by baseline
aspirin use. Cumulative incidence of loss of cumulative graft
patency in baseline aspirin users (dashed line) and nonusers (solid
line).
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Table 4. Adverse events based on use of aspirin at baseline

Event

Any serious adverse event
Bleedingc
intermediate/minor bleeding
major bleeding
life threatening
Hospitalization
ischemic heart disease
congestive heart failure
Arrhythmia
cerebrovascular disease
peripheral vascular disease
vascular access event: study
access
vascular access event:
nonstudy access
death

On Aspirin at Baseline
(n ⴝ 272)

Not On Aspirin at Baseline
(n ⴝ 377)

Hazard Ratio
(95% Confidence Interval)a

Number of
Patients (%)

First Event Rate
per Patient-Yearb

Number of
Patients (%)

First Event Rate
per Patient-Yearb

155 (56%)
37 (13%)
24 (9%)
4 (1%)
9 (3%)
151 (54%)
23 (8%)
17 (6%)
6 (2%)
5 (2%)
8 (3%)
42 (15%)

1.34
0.24
0.15
0.02
0.06
1.30
0.15
0.11
0.04
0.03
0.05
0.27

194 (53%)
40 (11%)
25 (7%)
11 (3%)
8 (2%)
192 (52%)
14 (4%)
22 (6%)
12 (3%)
3 (1%)
11 (3%)
68 (18%)

1.30
0.20
0.13
0.05
0.04
1.29
0.07
0.11
0.06
0.02
0.06
0.35

0.90 (0.71 to 1.13)
1.31 (0.80 to 2.17)

9 (3%)

0.06

20 (5%)

0.10

0.74 (0.32 to 1.73)

18 (7%)

0.11

12 (3%)

0.06

1.52 (0.68 to 3.39)

0.89 (0.70 to 1.12)

0.79 (0.52 to 1.20)

Hazard ratio, time to first event per patient. P ⬎ 0.27 for each category of serious adverse effect.
b
Event rate was a patient-level analysis calculated as the ratio of the number of first serious adverse effects to the total patient-years of follow-up until the first
serious adverse effect of this type in each patient.
c
Intermediate or minor bleeding events were those that were not classified as major, life threatening, or fatal. Major bleeding was defined as a confirmed
retroperitoneal, intra-articular, intraocular, or intracranial bleed or any bleed that led to a drop in hemoglobin by 2 g/dl and required hospitalization or the
need for a transfusion. Life-threatening bleeding was defined as any bleed leading to a drop in hemoglobin of ⱖ5 g/dl, required emergency surgical
intervention, caused a symptomatic intracranial hemorrhage, or required a transfusion of more than 4 units of packed red blood cells or whole blood. Fatal
bleeding was any bleed that caused or precipitated death.
a

by an action on platelets and not vascular smooth muscle cells.
Consistent with this hypothesis, a recent study in swine showed
that direct application of dipyridamole to the periadventitial
surface of the graft-vein anastomosis in a concentration that
inhibits vascular smooth muscle proliferation in vitro failed to
prevent the development of neointimal hyperplasia.15
Whether the combination of ERDP/ASA is better than aspirin for hemodialysis graft patency remains uncertain. Two
large trials in patients with cerebrovascular disease have shown
that ERDP/ASA is more effective than aspirin alone for secondary prevention of stroke or vascular death.16,17 However, in
this study, the observed reduction in the rate of loss of primary
unassisted patency with aspirin alone was similar to that observed for ERDP/ASA in the clinical trial.6 Moreover, the primary unassisted patency among participants randomized to
ERDP/ASA, but not taking aspirin at baseline appeared very
similar to that among participants taking aspirin at baseline
regardless of treatment with ERDP/ASA (Figure 2). A randomized controlled trial comparing ERDP/ASA to aspirin alone for
hemodialysis graft patency would be needed to definitely answer this question and address whether any added benefit of
ERDP would exceed its additional cost.
In this study, there was no statistically significant association between baseline aspirin use and cumulative graft patency. In contrast, the Dialysis Outcomes and Practice Patterns
Study (DOPPS) found a statistically significant association of
baseline aspirin use with prolongation of cumulative graft survival.10 The average follow-up for cumulative patency in the
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Dialysis Outcomes and Practice Patterns Study was only 8.5
months compared with 16.9 months in this study. The longer
follow-up in this study may have allowed for more cross-over
in aspirin use between groups that might have obscured an
association between cumulative graft patency and aspirin exposure. Further study is needed to determine whether aspirin
prolongs cumulative graft patency.
The risk of bleeding is generally increased in the hemodialysis population, which raises concerns about the safety of using
anti-platelet agents in this population.18 A previous trial of
clopidogrel plus aspirin for hemodialysis graft patency was
stopped early because of increased risk of bleeding.9 In our trial
of ERDP/ASA, we did not observe an increased risk of bleeding
or other adverse events compared with placebo.6 In this study,
treatment with aspirin at baseline was associated with a higher
rate of bleeding, but this was not statistically significant. The
overall rate of adverse events was not greater among participants on aspirin at baseline. These findings suggest that treatment with aspirin was relatively well tolerated. However, patients at high risk of bleeding were excluded from the trial, and
the median follow-up for adverse events was only about 6
months. The risk of bleeding while on aspirin is likely to be
higher in the general hemodialysis population, and the cumulative risk will likely increase with longer use.
This study has several strengths. It represents the largest study
of aspirin’s effect on hemodialysis graft patency to date. As part of
a prospective clinical trial of ERDP/ASA on graft survival, baseline
data including medication use was carefully assessed, and particJ Am Soc Nephrol 22: 773–781, 2011
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ipants had close follow-up, enabling the recording of vascular access outcomes, medication use, and adverse events. In particular,
specific focus was given to determining the use and dose of aspirin
at each follow-up study visit.
A limitation, common to retrospective analyses, is the problem
of confounding by indication. Aspirin was most likely prescribed
for secondary prevention of vascular disease. Consistent with this,
participants on baseline aspirin were older, had a statistically significant higher prevalence of diabetes and vascular disease, and
had a lower likelihood of current use of tobacco. Age, diabetes,
and vascular disease have been reported to be associated with decreased vascular access patency in some studies. Hence, the risk of
graft failure may have been higher in the aspirin-treated population, but this would potentially create a bias against finding an
association of aspirin with improved graft patency.
A second limitation was the use of baseline aspirin exposure
to predict future vascular access outcomes. Although this is a
common study design, it does not address changes in nonstudy
aspirin use during follow-up. This can lead to misclassification
bias that might obscure the true relationship between aspirin
use and graft patency. Moreover, as per the clinical trial study
design, collection of information on medication use including
aspirin was stopped 1 month after the occurrence of the primary outcome. This precluded using aspirin exposure as a
time-dependent variable in the analysis of aspirin’s effect on
cumulative graft patency.
An additional potential limitation is that nonstudy aspirin
use was based on self-report. Possible resultant misclassification of exposure would tend to diminish the strength of an
association.
Finally, the clinical trial did not reach its original enrollment goal of 1056 patients, which may limit study power for
subsequent secondary analyses.
In conclusion, this secondary cohort analysis of the ERDP/
ASA clinical trial suggests that aspirin alone may modestly prolong primary unassisted patency of newly created hemodialysis
grafts in a dose-dependent fashion. The point estimate for the
rate of loss of primary patency was similar to that observed for
ERDP/ASA in the clinical trial. Whether ERDP/ASA is more
effective than aspirin alone is unknown and the effect of aspirin
on cumulative graft patency remains uncertain. However, the
absolute magnitude of using either ERDP/ASA or aspirin on
unassisted graft patency compared with those receiving no antiplatelet agent seems greater than that originally reported in the
randomized trial. Aspirin may be a cost-effective alternative to
prolong unassisted patency in patients receiving a new synthetic hemodialysis vascular access graft.

CONCISE METHODS
Study Design

We performed a secondary cohort analysis of participants (n ⫽ 649)
enrolled in a randomized double-blind placebo-controlled clinical
trial of ERDP/ASA, which permitted the use of nonstudy aspirin, to
J Am Soc Nephrol 22: 773–781, 2011
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determine the association of baseline aspirin use with hemodialysis
graft patency.
Details of the trial design and major outcomes have been previously published.6,7 Persons were ineligible for the trial if they were
pregnant or breastfeeding, had an increased risk of bleeding or a
known bleeding disorder, had active esophagitis, gastritis, or peptic
ulcer disease, had a platelet count ⬍75,000/l, had advanced liver
disease, or required an anti-coagulant or anti-platelet agent other
than aspirin.
Participants were randomized within 2 days after successful access
surgery (i.e., a patent graft) to either ERDP/ASA (Aggrenox, containing 200 mg ERDP and 25 mg aspirin) or an identical looking placebo
taken orally twice daily. Treatment continued until the occurrence of
the primary outcome.
Participants were followed monthly after graft surgery to examine
the access; record access-related complications, adverse drug reactions, and hospitalizations; determine the use and dose of nonstudy
aspirin, measure access blood flow, and assess ERDP/ASA compliance
by pill count. Follow-up was continued for a period of 1 month after
the occurrence of the primary outcome.
As in the clinical trial, the primary outcome for this study was loss
of primary unassisted graft patency, defined as the first occurrence of
graft thrombosis or an access procedure performed to correct a stenosis ⱖ50% of the diameter of the adjacent normal vessel or other
surgical modification of the graft (e.g., for infection). Participants
were referred for angiography if the access blood flow declined to
⬍600 ml/min or declined ⬎25% from baseline and was ⬍1000 ml/
min.7 Among participants undergoing regular hemodialysis using a
catheter, failure to use the graft by 12 weeks after placement was considered graft failure.
The major secondary outcomes, consistent with the clinical trial,
were cumulative access patency, defined as the time from randomization to complete loss of the access site for dialysis, death from any
cause, and a combined outcome including death from all causes and
cumulative patency, each of which was ascertained until the administratively defined end of the study.

Statistical Analysis
Standard descriptive statistics were used to compare baseline demographic and clinical characteristics between aspirin users and nonusers at baseline. The frequency of use and dose of nonstudy aspirin
were analyzed at 3-month intervals up to 1 year after randomization
for participants who remained in the study and who had not reached
the primary unassisted patency outcome.
Cumulative incidence curves comparing rates of loss of primary unassisted patency and the secondary outcomes between aspirin users and nonusers were prepared using the Kaplan-Meier
method. Cox proportional hazards regression was used to jointly
relate the primary and secondary outcomes to randomized treatment assignment and to an indicator variable for aspirin use at
baseline after controlling for baseline covariates. The baseline covariates included seven factors (age, diabetes history, cardiovascular disease, cerebrovascular disease, peripheral arterial disease,
smoking status, diastolic BP) implicated in graft survival that were
significantly unbalanced between baseline aspirin users and nonAspirin and Dialysis Graft Patency
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users (P ⬍ 0.05) and two additional baseline factors (serum albumin and use of an angiotensin converting enzyme inhibitor and/or
angiotensin receptor blocking anti-hypertensives) (19,20) that were
prespecified as covariates in the trial protocol for comparisons of
patency outcomes between the randomized treatment groups. The
baseline hazard function was stratified by vascular access location
and clinical center.6 The proportional hazard assumption was assessed by checking Martingale residuals.21 The functional forms of
each continuous covariate were assessed by a supremum test.21
Subgroup analysis was performed by applying the same model to
the corresponding subset of the data.
In further analyses, an interaction term between baseline aspirin
use and randomized ERDP/ASA assignment was added to the basic
Cox model. To assess dose response, the analysis was repeated after
grouping participants into three clinically relevant levels of daily aspirin use: none, low dose (12 to 81 mg per day), and higher dose
(ⱖ325 mg per day). (No participants were on a dose of 82 to 324 mg
of aspirin per day.) Follow-up time for the primary and secondary
outcome was handled as per the randomized clinical trial.6 All P values are two-sided and were not adjusted for multiple testing.
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