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Background

Arteriovenous graft stenosis leading to thrombosis is a major cause of complications 
in patients undergoing hemodialysis. Procedural interventions may restore patency 
but are costly. Although there is no proven pharmacologic therapy, dipyridamole 
may be promising because of its known vascular antiproliferative activity.

Methods

We conducted a randomized, double-blind, placebo-controlled trial of extended-
release dipyridamole, at a dose of 200 mg, and aspirin, at a dose of 25 mg, given 
twice daily after the placement of a new arteriovenous graft until the primary out-
come, loss of primary unassisted patency (i.e., patency without thrombosis or re-
quirement for intervention), was reached. Secondary outcomes were cumulative graft 
failure and death. Primary and secondary outcomes were analyzed with the use of 
a Cox proportional-hazards regression with adjustment for prespecified covariates.

Results

At 13 centers in the United States, 649 patients were randomly assigned to receive 
dipyridamole plus aspirin (321 patients) or placebo (328 patients) over a period of 
4.5 years, with 6 additional months of follow-up. The incidence of primary unassisted 
patency at 1 year was 23% (95% confidence interval [CI], 18 to 28) in the placebo 
group and 28% (95% CI, 23 to 34) in the dipyridamole–aspirin group, an absolute 
difference of 5 percentage points. Treatment with dipyridamole plus aspirin signifi-
cantly prolonged the duration of primary unassisted patency (hazard ratio, 0.82; 
95% CI, 0.68 to 0.98; P = 0.03) and inhibited stenosis. The incidences of cumulative 
graft failure, death, the composite of graft failure or death, and serious adverse 
events (including bleeding) did not differ significantly between study groups.

Conclusions

Treatment with dipyridamole plus aspirin had a significant but modest effect in re-
ducing the risk of stenosis and improving the duration of primary unassisted patency 
of newly created grafts. (ClinicalTrials.gov number, NCT00067119.)
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A functioning vascular access is nec-
essary for hemodialysis. However, vascu-
lar-access failure is common and is a ma-

jor source of complications.1 Vascular access for 
hemodialysis can be provided by means of an au-
togenous fistula, arteriovenous graft, or central 
venous catheter. The arteriovenous graft, typical
ly created by using a synthetic tube connecting 
an artery and a vein, was until recently the most 
common type of access used in the United States.2 
Grafts are generally more readily cannulated than 
fistulas and can be used for hemodialysis sooner 
after surgery. With grafts, however, stenosis fre-
quently develops at the venous anastomosis, lead-
ing to access thrombosis,3 and costly procedures 
may be required to maintain or restore patency.1,4,5 
In the United States, the annual cost of proce-
dures related to vascular access has been estimat-
ed to exceed $1 billion.1,5

There have been few clinical trials of drug 
therapy used to reduce the risk of graft dysfunc-
tion in patients undergoing hemodialysis, and 
preventive therapies are lacking. A small clinical 
trial showed that dipyridamole, with or without 
aspirin, inhibited thrombosis in newly created 
hemodialysis grafts.6 Observations of experimen-
tal models suggest that dipyridamole acts by in-
hibiting the proliferation of vascular smooth-
muscle cells and the development of stenosis.7-10 
Dipyridamole used in combination with aspirin 
decreases the incidences of progressive stenosis 
in lower-extremity peripheral vascular disease, 
late stenosis in coronary-artery bypass grafts, and 
recurrent strokes.11-13 We performed a random-
ized, double-blind, placebo-controlled trial involv-
ing patients undergoing hemodialysis to deter-
mine whether extended-release dipyridamole plus 
aspirin inhibits stenosis of the vascular access 
and prolongs primary unassisted patency of new-
ly created arteriovenous grafts.

Me thods

Role of the Sponsor

The National Institute of Diabetes and Digestive 
and Kidney Diseases, National Institutes of Health, 
sponsored the study. Boehringer Ingelheim pro-
vided the extended-release dipyridamole plus aspi-
rin (Aggrenox), matching placebo, and financial 
support but was not involved in the design, analy-
sis, interpretation of the study data, or prepara-
tion of the manuscript.

Eligibility of Patients

Patients were enrolled at 13 clinical sites in the 
United States; details of the study design and in-
clusion and exclusion criteria have been published 
previously.14 Briefly, patients who had attained the 
age of majority (those at least 18 years of age, 
depending on the state) were eligible if they were 
scheduled to have a new arteriovenous graft placed 
for the purpose of hemodialysis and were current-
ly undergoing long-term hemodialysis or were 
expected to undergo it within 6 months after ran-
domization.

Patients were ineligible if they were pregnant 
or breast-feeding; had an increased risk of bleed-
ing or a known bleeding disorder; had active 
esophagitis, gastritis, or peptic ulcer disease; had 
a platelet count of less than 75,000 per cubic 
millimeter; had advanced liver disease; or required 
an anticoagulant or antiplatelet agent other than 
aspirin. Patients with a known allergy or adverse 
reaction to extended-release dipyridamole plus 
aspirin or with uncontrolled hypertension were 
also ineligible.

The institutional review board of each partici-
pating clinical center approved the study proto-
col. Each patient provided written informed con-
sent before enrollment.

Study Design and Procedures

Recruitment began on January 1, 2003, and ended 
on July 31, 2007; follow-up of patients continued 
until January 31, 2008. Demographic, clinical, and 
laboratory data were collected during screening. 
No more than 2 days after successful access sur-
gery (i.e., placement of a patent graft), patients 
were randomly assigned to receive treatment with 
one capsule of dipyridamole plus aspirin or an 
identical-looking placebo twice daily. Each capsule 
of dipyridamole plus aspirin contained 200 mg of 
extended-release dipyridamole plus 25 mg of im-
mediate-release aspirin. Randomization was strat-
ified according to clinical center and access loca-
tion (forearm or alternative site) with the use of a 
random permuted-block design. Study personnel 
and patients were unaware of the treatment as-
signments. Treatment continued until the occur-
rence of the primary outcome but was terminated 
early if the patient was switched to another type 
of renal-replacement therapy or was transferred to 
a nonparticipating dialysis unit or if an exclusion 
criterion developed.

Patients were followed monthly after graft 

Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 2, 2009 . For personal use only. No other uses without permission. 



Dipyridamole plus Aspirin for Hemodialysis Gr aft Patency

n engl j med 360;21  nejm.org  may 21, 2009 2193

surgery to examine the access site; to record 
access-related complications, adverse drug reac-
tions, and hospitalizations; and to assess adher-
ence to the study medication regimen by means 
of a pill count. Follow-up was continued until 
1 month after the occurrence of the primary out-
come. Blood-flow rates at the access site were 
measured each month after the patient started 
hemodialysis, with the use of the ultrasound in-
dicator dilution technique (see the Supplementary 
Appendix, available with the full text of this ar-
ticle at NEJM.org),15 which provided a uniform 
studywide approach to detect a decrease in the 
blood-flow rate indicative of stenosis before it 
resulted in thrombosis.14

Outcomes

The primary outcome was loss of primary unas-
sisted graft patency (i.e., patency without throm-
bosis or requirement for intervention), defined as 
the first occurrence of graft thrombosis, an ac-
cess procedure performed to correct a stenosis of 
50% or more of the diameter of the adjacent nor-
mal vessel, or other surgical modification of the 
graft (e.g., for infection). Patients were referred 
for angiography if the blood-flow rate at the ac-
cess site declined to less than 600 ml per minute 
or if the rate declined to less than 1000 ml per 
minute and the reduction from the baseline rate 
was more than 25% (see the Supplementary Ap
pendix).14 A sample of angiograms from each 
clinical center was reviewed in a blinded manner 
to confirm that the indication for intervention was 
uniform across study sites.

For patients undergoing regular hemodialysis 
with the use of a catheter, complete graft failure 
was defined by failure to use the graft by 12 weeks 
after placement. For patients not yet undergoing 
dialysis, loss of graft patency was defined by the 
absence of both a bruit and thrill.

The major secondary outcomes were cumula-
tive graft failure, defined as the time from ran-
domization to complete loss of the access site for 
dialysis, death from any cause, and a combined 
outcome of death from any cause or cumulative 
graft failure, each of which was ascertained until 
the administratively defined end date of the study.

Statistical Analysis

Cumulative incidence curves were prepared with 
the use of the Kaplan–Meier method. The primary 
and secondary outcomes were analyzed by means 

of Cox proportional-hazards regression with strat-
ification on the basis of clinical center, access 
location (forearm or other site), and adjustment, 
except as otherwise noted, for serum albumin 
level and use of angiotensin-converting–enzyme 
inhibitors or angiotensin-receptor blockers at base
line.16,17 Data from each patient were analyzed 
according to the patient’s randomized treatment 
assignment, irrespective of medication adherence. 
Follow-up data with regard to the primary analy-
sis were censored at the administrative end date 
of the study or at the time of death, a switch to 
an alternative form of renal-replacement therapy, 
or the patient’s transfer to a clinical center not 
involved in the trial, whichever came first. Follow-
up data for cumulative graft failure were cen-
sored at the time of death or the administrative 
end date, whichever came first, whereas data for 
analyses of death and the composite of cumula-
tive graft failure and death were censored at the 
administrative end date. All reported P values are 
two-sided and were not adjusted for multiple 
testing.

Interaction terms between treatment with 
extended-release dipyridamole plus aspirin and 
nine prespecified baseline factors were indi-
vidually added to the primary Cox proportional-
hazards model in an exploratory analysis of 
whether the intervention had different effects on 
the primary patency outcome among the sub-
groups defined on the basis of those factors (see 
the Supplementary Appendix). Subgroups catego-
rized on the basis of continuous variables (age 
and serum albumin level) were defined on the 
basis of the median values for these variables.

We aimed to enroll 1056 patients in order to 
provide a statistical power of 85% to detect a 
25% reduction in the incidence of the primary 
outcome, with a two-sided type I error rate of 
5%.14 Assumptions for the power calculations 
included a predicted rate of loss of primary un-
assisted patency in the placebo group of 0.54 
event per patient-year,17-20 a rate of death or loss 
to follow-up of 22% per patient-year in the pla-
cebo group,21 an annual dropout rate of 15% for 
the dipyridamole–aspirin group, and a 1% rate 
of a switch to active treatment in the placebo 
group. Enrollment was initially planned to occur 
over a 3-year period, with an additional 1 year of 
follow-up, but because of slower-than-expected 
enrollment, the enrollment period was extended to 
4.5 years, with 6 additional months of follow-up.
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An independent data and safety monitoring 
board regularly reviewed the progress of the 
study for safety and efficacy. Five planned interim 
analyses were performed before the final analy-
sis to provide a guideline as to whether the study 
should be stopped early because of efficacy or 
futility. A Lan–DeMets spending function was 
used, with stopping boundaries derived from the 
Wang–Tsiatis class and shape parameters of 0 
(corresponding to the O’Brien–Fleming stopping 
rule).22

R esult s

Study Population

A total of 832 patients provided written informed 
consent, and 649 were randomly assigned to re-
ceive extended-release dipyridamole plus aspirin 
(321 patients) or placebo (328 patients) (Fig. 1). 
The most common reason for exclusion before 
randomization was creation of a fistula instead 
of placement of a graft. The stopping boundaries 
for efficacy and futility were not crossed in any of 
the five interim analyses, and the trial proceeded 
to its planned final analysis. The recruitment goal 
was not achieved, primarily because of greater-
than-expected numbers of patients with fistulas 
rather than grafts or ineligibility due to receipt of 
exclusionary medications or coexisting conditions.

Baseline characteristics in the two study groups 
were similar (Table 1), as were graft blood-flow 
rates at the time of baseline measurement (see 
the Supplementary Appendix). Among the patients 
who had undergone randomization, 39 (12%) 
receiving dipyridamole plus aspirin and 40 (12%) 
receiving placebo died or were lost to follow-up 
before the primary outcome was reached (Fig. 1). 
At the time of study termination, an additional 
95 patients (30%) receiving extended-release di
pyridamole plus aspirin and 103 (31%) receiving 
placebo had died or were lost to follow-up for 
determination of the secondary outcomes of cu-
mulative graft failure and death. All patients who 
underwent randomization were included in their 
assigned groups for analysis of the primary and 
secondary outcomes.

Most patients (94%) received grafts composed 
of expanded polytetrafluoroethylene; 5% of pa-
tients received grafts made of another synthetic 
material, and 1% received a graft composed of 
biologic material (e.g., a cryopreserved saphenous 
vein). Grafts were placed in the forearm (in 49% 
of patients), the upper arm (in 44%), the leg (in 

6%), the chest (in 1%), or another location (in 
<1%). There were no significant differences on 
the basis of graft composition or location be-
tween the two study groups.

Delivery of Study Drug and Adherence

The median time from surgical placement of the 
graft to the initiation of the study medication 
was 2.1 hours. The study drug was discontinued 
before ascertainment of the primary outcome in 
66 patients (21%) receiving dipyridamole plus as-
pirin and in 57 (17%) receiving placebo (Fig. 1). 
The rate of adherence to the study medication 
regimen, as estimated from pill counts, was 83% 
in both groups.

Efficacy

The incidence of primary unassisted patency at 
1 year was 23% (95% confidence interval [CI], 
18 to 28) in the placebo group and 28% (95% CI, 
23 to 34) in the dipyridamole–aspirin group, an 
absolute difference of 5 percentage points (Fig. 2). 
Thus, treatment with dipyridamole plus aspirin 
significantly prolonged the duration of primary 
unassisted graft patency as compared with place-
bo. After adjustment for the prespecified factors, 
the hazard ratio for loss of primary unassisted 
graft patency in the dipyridamole–aspirin group, 
as compared with the placebo group, was 0.82 
(95% CI, 0.68 to 0.98; P = 0.03) (Table 2), for a 
relative reduction in the rate of loss of primary 
unassisted graft patency of 18%. The correspond-
ing unadjusted hazard ratio was 0.81 (95% CI, 
0.68 to 0.97; P = 0.02).

The hazard ratio for loss of primary unassisted 
graft patency in the dipyridamole–aspirin group, 
as compared with the placebo group, was 0.76 
(95% CI, 0.60 to 0.96; P = 0.02) among patients 
not receiving aspirin at baseline and 0.92 (95% 
CI, 0.68 to 1.24; P = 0.57) among those receiving 
aspirin at baseline (see Table 1 in the Supple-
mentary Appendix). However, there was no sig-
nificant interaction between baseline use of as-
pirin and the assigned study treatment (P = 0.33). 
There was no significant heterogeneity in the ef-
ficacy of the two study treatments across other 
predefined subgroups (Table 1 in the Supplemen-
tary Appendix).

The reasons for loss of graft patency are 
shown in Table 2. At the time of study termina-
tion, the primary outcome had occurred in 80% 
of patients receiving dipyridamole plus aspirin 
and 84% of those receiving placebo. Thrombosis 
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was the most common overall cause of the pri-
mary outcome, occurring in 40% of patients re-
ceiving dipyridamole plus aspirin and in 42% of 
those receiving placebo. Angiography was per-

formed in 59% of all patients with thrombosis, 
and stenosis of 50% or more was found in more 
than 90% of these patients. Overall, clinically 
significant stenosis (≥50%) with or without a 
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649 Underwent randomization

832 Patients provided consent

183 Were excluded before randomization
78 Had fistula placed instead of graft
33 Were ineligible or met an exclusion

criterion
23 Did not have graft placed, for other reason
19 Were excluded because of preference 

of patient or physician
3 Had graft that was not patent

27 Were ineligible for other reason

321 Were assigned to receive extended-
       release dipyridamole plus aspirin
   (318 received assigned treatment)

328 Were assigned to receive
       placebo
  (322 received assigned treatment)

66 Discontinued study drug early
26 Had an adverse event
24 Withdrew consent
3 Discontinued at request
of treating physician

13 Required anticoagulant, 
clopidogrel, or NSAID

57 Discontinued study drug early
23 Had an adverse event
20 Withdrew consent
1 Discontinued at request
of treating physician

13 Required anticoagulant, 
clopidogrel, or NSAID

255 Completed study drug 271 Completed study drug

39 Died or were lost to follow-up
for primary outcome

21 Died
8 Were transferred out of
   participating unit

10 Withdrew consent

40 Died or were lost to follow-up
for primary outcome

19 Died
12 Were transferred out of
     participating unit
9 Withdrew consent

321 Had data included in analysis
of the primary outcome

(primary unassisted patency)

328 Had data included in analysis
of the primary outcome

(primary unassisted patency)

95 Died or were lost to follow-up
for secondary outcome

84 Died
11 Were transferred out of
     participating unit

103 Died or were lost to follow-up
for secondary outcome

96 Died
7 Were transferred out of
   participating unit

321 Were included in analysis
of the secondary outcomes

(cumulative patency and
survival of patients)

328 Were included in analysis
of the secondary outcomes

(cumulative patency and
survival of patients)
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Figure 1. Study Enrollment and Follow-up.

NSAID denotes nonsteroidal antiinflammatory drug.
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preceding thrombosis was documented in 50% 
of patients receiving extended-release dipyrida-
mole plus aspirin and 55% receiving placebo, 
corresponding to an overall 28% reduction in the 

rate of stenosis from treatment with dipyrida-
mole plus aspirin (hazard ratio, 0.72; 95% CI, 
0.57 to 0.90; P = 0.005).

The median duration of cumulative graft pa

Table 1. Baseline Characteristics of the Patients, According to Study Group.*

Characteristic

Extended-Release 
Dipyridamole plus  
Aspirin (N = 321)

Placebo 
(N = 328)

Age (yr) 59.1±13.5 57.5±14.9

Male sex (%) 41 38

Black race (%)† 72 70

Body-mass index‡ 30.8±8.6 30.5±8.2

Blood pressure (mm Hg)

Systolic 144±26 143±24

Diastolic 78±14 77±15

Diabetes mellitus (%) 66 60

Cardiovascular disease (%) 39 42

Cerebrovascular disease (%) 15 16

Peripheral arterial disease (%) 17 15

Venous thromboembolic disease (%) 3 2

Aspirin use (%) 40 44

Use of ACE inhibitor or ARB (%) 51 56

Current tobacco use (%) 14 17

Hemoglobin (g/dl) 11.9±1.7 11.6±1.7

Serum albumin (g/dl) 3.7±0.5 3.7±0.5

No. of previous arteriovenous fistulas or grafts placed (%)§

0 48 49

1 26 25

≥2 25 25

Current access through central venous catheter (%) 63 66

Hemodialysis initiated before graft placement (%) 71 74

Duration of hemodialysis before randomization (mo)¶ 23.3±28.6 28.3±43.2

*	Plus–minus values are means ±SD. Data were compared between the two study groups with the use of t-tests for con-
tinuous variables and chi-square tests for categorical variables (P>0.05 for all comparisons). Cardiovascular disease was 
defined by a history of myocardial infarction, angina, coronary-artery angioplasty, coronary-artery bypass grafting, or con-
gestive heart failure. Cerebrovascular disease was defined by a history of stroke, transient ischemic attack, or carotid 
endarterectomy. Peripheral arterial disease was defined by a history of nontraumatic amputation, angioplasty or bypass 
surgery of the leg or foot, or claudication. Venous thromboembolic disease was defined by a history of deep-vein thrombo-
sis or pulmonary embolism. ACE denotes angiotensin-converting enzyme, and ARB angiotensin-receptor blocker.

†	Race was self-reported.
‡	The body-mass index is the weight in kilograms divided by the square of the height in meters.
§	The number of previous arteriovenous fistulas or grafts was unknown for two patients receiving dipyridamole plus aspi-

rin and three patients receiving placebo.
¶	The duration of hemodialysis before enrollment was calculated for the patients who started hemodialysis before random-

ization: 229 patients receiving dipyridamole plus aspirin and 244 patients receiving placebo. Ten patients receiving dipy
ridamole plus aspirin and four patients receiving placebo had been undergoing long-term maintenance dialysis for an 
unknown length of time before randomization but had stopped the therapy for a variety of reasons (e.g., renal trans-
plantation); the duration of this previous dialysis that had been stopped before randomization was not included in the 
calculation of dialysis duration.

Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 2, 2009 . For personal use only. No other uses without permission. 



Dipyridamole plus Aspirin for Hemodialysis Gr aft Patency

n engl j med 360;21  nejm.org  may 21, 2009 2197

tency was 22.5 months (95% CI, 20.0 to 28.2) in 
the placebo group. Treatment with dipyridamole 
plus aspirin, administered until the primary out-
come was reached, did not significantly decrease 
the incidence of cumulative graft failure, death, or 
the composite of these two outcomes (Table 2).

Adverse Events

Serious adverse events occurred in 175 patients 
receiving dipyridamole plus aspirin (55%, or 1.19 
events per patient-year) and in 174 patients re-
ceiving placebo (53%, or 1.47 events per patient-
year; hazard ratio for dipyridamole plus aspirin, 
0.93; 95% CI, 0.75 to 1.15). Table 3 lists the per-
centages of patients in whom selected subcatego-
ries of serious adverse events occurred and the 
event rate per patient-year. There was no signifi-
cant difference between the two study groups with 
regard to any adverse-event category. Bleeding 
occurred in 37 patients receiving dipyridamole 
plus aspirin (12%, or 0.20 event per patient-year) 
and in 40 patients receiving placebo (12%, or 0.24 
event per patient-year) (hazard ratio for dipyrida-
mole plus aspirin, 0.86; 95% CI, 0.55 to 1.35).

Discussion

Our study of patients receiving a new arterio-
venous graft for hemodialysis access showed that 
treatment with dipyridamole plus aspirin, as com-
pared with placebo, resulted in a significant but 
modest decrease in the cumulative incidence of 
loss of primary unassisted graft patency (absolute 
reduction, 5 percentage points; relative reduction, 
18%) and in the incidence of clinically significant 
graft stenosis. The frequency of bleeding or other 
serious adverse events was not increased with ac-
tive treatment. The burden of graft failure was 
substantial, with over three fourths of patients 
requiring an intervention to maintain patency or 
to treat another access site complication within 
the first year after graft placement.

Currently, the principal approach to maintain-
ing the patency of grafts for hemodialysis access 
is the use of procedural interventions (e.g., angio-
plasty) to treat stenosis or thrombosis after it 
develops.23 The need for repeated procedures to 
maintain patency and the need for temporary 
alternatives to vascular access, such as central 
venous catheters, contribute greatly to the cost 
and morbidity associated with hemodialysis.1,4,5 

Despite the enormous burden, there have been 
few clinical trials conducted to address this 
problem.24

The improvement in graft patency seen in our 
study is similar to that in a previous, single-
center trial of dipyridamole to prevent thrombo-
sis in newly placed arteriovenous grafts.6 Clinical 
trials of dipyridamole plus aspirin have also 
shown a reduction in the incidences of late steno-
sis in coronary-artery bypass grafts, progression 
of peripheral vascular disease, and recurrent 
stroke.11‑13,25,26

In contrast, several previous randomized trials 
of antithrombotic therapies have failed to demon-
strate a significant improvement in the patency 
of arteriovenous grafts in patients undergoing 
hemodialysis.27,28 The Department of Veterans 
Affairs (VA) Cooperative Trial of aspirin plus 
clopidogrel in patients undergoing hemodialysis 
who had an established graft was terminated 
early owing to an increased risk of bleeding.27 
That trial failed to show a benefit of the drug, as 
compared with placebo, for the prevention of 
thrombosis (hazard ratio, 0.81; 95% CI, 0.49 to 
1.40). Similarly, a clinical trial of low-dose war-
farin showed an increased risk of bleeding with-
out a reduction in the risk of arteriovenous graft 
thrombosis.28
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Figure 2. Kaplan–Meier Estimates of the Cumulative Incidence of Loss  
of Primary Unassisted Graft Patency, According to Study Group.

The median duration of patency was 5.8 months (95% confidence interval 
[CI], 4.3 to 7.1) in the extended-release dipyridamole (ERDP)–aspirin group 
and 4.3 months (95% CI, 3.6 to 5.4) in the placebo group.
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The earlier trials raised concern that the low-
dose aspirin in dipyridamole plus aspirin might 
cause excess bleeding.27,28 Accordingly, we exclud
ed patients at high risk for bleeding. The rate of 
bleeding among our patients assigned to receive 
placebo was half that observed in the VA Coop-
erative Trial.27 Moreover, the risk of bleeding was 
not further increased by treatment with dipyrida-
mole plus aspirin. An increased risk of bleeding 
with extended-release dipyridamole plus aspirin 
may have been masked by the short duration of 
use of the drug, the frequent use of aspirin that 
was not part of the active study treatment, or the 
exclusion of patients at high risk for bleeding. 
The results are reassuring regarding the safety 

of dipyridamole plus aspirin in the selected popu-
lation, but caution must be exercised in extrapo-
lating the results to the general population of 
patients undergoing dialysis.

Approximately three fourths of the study pa-
tients had a loss of graft patency at 1 year, a rate 
that was substantially higher than the 54% rate 
originally predicted. This greater-than-expected 
loss of graft patency may reflect the characteris-
tics of the study patients. Many of the patients 
were women, many were black, and many had 
diabetes or a history of vascular disease — all 
risk factors for vascular access failure.4,20,29,30 The 
frequency of each of these risk factors was higher 
in our study population than in the general hemo-

Table 2. Incidences of Primary and Secondary Outcomes, According to Study Group.*

Outcome
Extended-Release Dipyridamole 

plus Aspirin (N = 321)
Placebo 
(N = 328)

Hazard Ratio 
(95% CI)

number (percent)

Primary outcomes

Loss of primary unassisted patency 256 (80) 274 (84) 0.82 (0.68–0.98)†

Thrombosis 127 (40) 139 (42) 0.84 (0.65–1.08)

With stenosis ≥50%, on angiography 69 (21) 79 (24) 0.74 (0.53–1.04)

With stenosis <50%, on angiography 5 (2) 3 (1) 1.59 (0.38–6.70)

Angiography not performed 53 (17) 57 (17) 0.95 (0.64–1.39)

Angioplasty

Stenosis ≥50%, no thrombosis 93 (29) 103 (31) 0.70 (0.52–0.95)

Stenosis <50%, no thrombosis 1 (0.3) 4 (1) 0.29 (0.03–2.79)

Procedure performed for infection 21 (7) 14 (4) 1.54 (0.75–3.17)

Procedure performed for other reason‡ 10 (3) 6 (2) 1.75 (0.58–5.30)

Failure to use graft by wk 12 in patients with 
catheter for access

4 (1) 8 (2) 0.48 (0.14–1.59)

Stenosis ≥50%, with or without thrombosis 162 (50) 182 (55) 0.72 (0.57–0.90)§

Secondary outcomes

Cumulative graft failure 161 (50) 173 (53) 0.95 (0.76–1.19)

Death 105 (33) 115 (35) 1.00 (0.76–1.31)

Cumulative graft failure or death 208 (65) 218 (66) 1.01 (0.83–1.24)

*	Data were compared between the two study groups with the use of a Cox proportional-hazards model with the prespecified 
adjustments for serum albumin level and use or nonuse of an angiotensin-converting–enzyme inhibitor or angiotensin-
receptor blocker. The unadjusted hazard ratio for the primary outcome of loss of primary unassisted patency in the 
dipyridamole–aspirin group was 0.81 (95% confidence interval [CI], 0.68 to 0.97; P = 0.02).

†	P = 0.03.
‡	Procedures performed for other reasons were as follows: in the dipyridamole–aspirin group, access ligation for hand is

chemia (in three patients), angioplasty or access ligation for central vein stenosis (three patients), surgical revision for 
pseudoaneurysm without stenosis (two patients), access ligation for arm edema without stenosis (one patient), and liga-
tion for uncontrolled bleeding without angiography (one patient); and in the placebo group, access ligation for hand ischemia 
(in four patients), angioplasty or access ligation for central vein stenosis (one patient), and surgical revision for pseudo
aneurysm without stenosis (one patient).

§	P = 0.005.
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dialysis population in the United States31,32 and 
was substantially higher than that among patients 
in the Dialysis Access Consortium (DAC) Fistula 
Trial (ClinicalTrials.gov number, NCT00067119), 
a trial performed concurrently with our study at 
a subgroup of the clinical centers.33 The prepon-
derance of patients at high risk for graft failure 
in our study population may reflect the ongoing 
national trend toward the use of autogenous fis-
tula placement, with a corresponding decrease 
in the rate of graft placement.34 A fistula is used 
in patients who have suitable vascular anatomy, 
whereas a graft is used by default in other pa-
tients. Monthly blood-flow monitoring was per-
formed to comply with clinical practice guide-
lines and focus the primary study outcome on the 
detection of stenosis rather than thrombosis.14 
Although flow monitoring might have increased 
the rate of loss of primary patency, only 24% of 

all cases of the primary outcome were precipitat-
ed by flow monitoring, and flow monitoring prob-
ably played a minor role in the observed high 
rate of loss of graft patency.

Although the ability of dipyridamole plus as-
pirin to inhibit graft failure was significant, the 
clinical effect of this therapy was modest. On the 
basis of the Kaplan–Meier estimates, this effect 
can be expressed as an aggregate delay of 6 weeks 
in the median time to loss of primary patency in 
all patients or as a reduction in the number of 
patients with primary graft failure by 1 patient for 
every 20 patients treated for 1 year. The efficacy 
of dipyridamole plus aspirin may be greater in 
the subgroup of patients not already receiving 
aspirin; however, our study did not have suffi-
cient power to address this question. Treatment 
with dipyridamole plus aspirin costs between 
$500 and $2,200 per year per person, and formal 

Table 3. Rates of Adverse Events, According to Study Group.*

Serious Adverse Event
Extended-Release Dipyridamole  

plus Aspirin (N = 321) Placebo (N = 328)

Hazard Ratio for 
Event Rate  
(95% CI)†

No. of  
Patients (%)

No. of  
Events Event Rate

No. of  
Patients (%)

No. of  
Events Event Rate

no./patient-yr no./patient-yr

Any 175 (55) 331 1.19 174 (53) 360 1.47 0.93 (0.75–1.15)

Bleeding‡ 37 (12) 42 0.20 40 (12) 50 0.24 0.86 (0.55–1.35)

Intermediate or minor 23 (7) 24 0.12 26 (8) 33 0.15

Major 6 (2) 7 0.03 9 (3) 9 0.05

Life-threatening 9 (3) 9 0.05 8 (2) 8 0.05

Fatal 2 (1) 2 0.01 0 0 0.00

Hospitalization 172 (54) 280 1.17 171 (52) 301 1.44 0.93 (0.75–1.15)

For ischemic heart disease 19 (6) 23 0.10 18 (5) 23 0.11

For congestive heart failure 19 (6) 25 0.10 20 (6) 31 0.12

For arrhythmia 8 (2) 9 0.04 10 (3) 12 0.06

For cerebrovascular disease 5 (2) 6 0.03 3 (1) 6 0.02

For peripheral vascular disease 13 (4) 15 0.07 6 (2) 7 0.04

For event at site of study graft 62 (19) 71 0.34 48 (15) 52 0.29

For event at other vascular access site 14 (4) 14 0.07 15 (5) 16 0.09

Death 17 (5) 17 0.09 13 (4) 13 0.07 1.20 (0.58–2.47)

*	A patient-level analysis was used for event rates, which were calculated as the ratio of the number of first serious adverse event of each type 
to the total number of patient-years of follow-up until the first serious adverse event of this type occurred in each patient.

†	P>0.15 for each type of serious adverse event.
‡	Intermediate or minor bleeding events were those that were not classified as major, life-threatening, or fatal. Major bleeding was defined as 

confirmed retroperitoneal, intraarticular, intraocular, or intracranial bleeding or any bleeding that led to a drop in the hemoglobin level of 2 g 
per deciliter and required hospitalization or transfusion. Life-threatening bleeding was defined as any bleeding that led to a drop in the hemo-
globin level of 5 g per deciliter or more, required emergency surgical intervention, caused a symptomatic intracranial hemorrhage, or required 
a transfusion of more than 4 units of packed red cells or whole blood. Fatal bleeding was any bleeding that caused or precipitated death.
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cost-effectiveness analysis is needed before clin-
ical-practice recommendations can be made.

This study has certain limitations. We did not 
meet the enrollment goal, despite the addition of 
recruiting sites and extension of the recruitment 
period. The adverse effect of enrolling fewer pa-
tients than planned was partially offset by the 
higher-than-anticipated rate of graft failure, such 
that the statistical power of the study was main-
tained. However, the smaller-than-planned group 
of patients may limit the applicability of the sub-
group analyses. In addition, because the study 
drug was stopped after the primary outcome was 
reached, the possible benefit of continued treat-
ment with dipyridamole plus aspirin on cumula-
tive graft patency could not be evaluated.

In conclusion, our study shows that treatment 
with extended-release dipyridamole plus aspirin 
results in a significant but clinically modest im-
provement in primary unassisted graft patency. 
As is consistent with the known antiproliferative 
effects of extended-release dipyridamole plus as-

pirin, the results suggest that strategies target-
ing neointimal hyperplasia may be an important 
area for future research.
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