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Rationale & Objective: The risks of major
bleeding, thrombosis, and cardiovascular events
are elevated in patients receiving maintenance
hemodialysis (HD). Our objective was to compare
the risk of these outcomes in HD according to the
permanent vascular access type.

Study Design: Observational cohort study.

Setting & Participants: Using data from the
United States Renal Data System (2010-2015),
we included patients with kidney failure who were
greater than 18 years, had Medicare as the primary
payer, were not using an oral anticoagulant, and
were newly using an arteriovenous (AV) access for
HD.

Exposure: AV graft (AVG) or AV fistula (AVF).

Outcomes: Major bleeding, venous thromboem-
bolism, ischemic stroke, myocardial infarction,
cardiovascular death, and critical limb ischemia.

Analytical Approach: Comparing 17,763 AVG and
60,329 AVF users, we estimated the 3-year
incidence rates and incidence rate ratios (IRRs)
of each outcome using Poisson regression. IRRs
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were adjusted for sociodemographic and clinical
covariates.

Results: The use of an AVG, compared with that of
an AVF, was associated with an increased risk of
venous thromboembolism (10.8 vs 5.3 events per
100 person-years; adjusted IRR, 1.74; 95% CI,
1.63-1.85) but not with the risk of major bleeding
(IRR, 1.04; 95% CI, 0.93-1.17). The use of an
AVG was also potentially associated with a
slightly increased risk of cardiovascular death
(IRR, 1.09; 95% CI, 1.01-1.16).

Limitations: This analysis focused on patients with
a functioning AV access; adverse events that may
occur during access maturation should also be
considered when selecting a vascular access.

Conclusions: The use of an AVG, relative to an
AVF, in HD is associated with an increased risk of
venous thromboembolism. Given recent guide-
lines emphasizing selection of the “right access”
for the “right patient,” the results of this study
should potentially be considered as one addi-
tional factor when selecting the optimal access
for HD.
Compared with the general population, patients with
kidney failure receiving maintenance hemodialysis

(HD) face higher risks of both bleeding and thrombosis.1-10

This apparent paradox is likely explained by a complex set
of factors: the adverse effects of kidney failure lead to
numerous deficiencies in hemostasis, such as platelet
dysfunction and activation, vessel wall and endothelial
damage, and imbalances of the coagulation cascade and
fibrinolytic system.11 Furthermore, because patients
receiving maintenance HD are prone to thrombosis,
inflammation, a high prevalence of traditional comorbid
conditions (eg, hypertension and diabetes), and disordered
mineral metabolism,12 they are also at an increased risk of
cardiovascular events.2,6,8,13-17

The management of these risks, particularly the balance
between bleeding and thrombosis, can make the care of
patients receiving maintenance HD a major clinical chal-
lenge. For example, the HD procedure is prothrombotic
because it leads to activation of platelets and coagulation,18

increasing the risk of thrombosis; in contrast, anti-
coagulation therapy with heparin, which is routinely used
for clot prevention of the extracorporeal circuit,19 may
transiently increase the risk of bleeding. Furthermore,
continuous or long-term platelet activation by the
hemodialyzer and associated tubing may, paradoxically,
also increase the bleeding risk.20 Medications can further
modify these risks: erythropoiesis-stimulating agents,
which are widely used to treat anemia in patients receiving
maintenance HD, prevent blood transfusion at the cost of
possibly increasing the risk of thrombosis and stroke,21

whereas oral anticoagulants, which are sometimes used
in patients receiving maintenance HD, decrease the risk of
thrombosis and stroke at the cost of increasing the risk of
bleeding.

Vascular access bleeding and thrombotic complications,
although rarely fatal on their own,22,23 are also an
important consideration for patients receiving mainte-
nance HD. Because of having much lower rates of com-
plications, particularly infection and thrombosis,
permanent accesses (arteriovenous [AV] fistula [AVF] or
graft [AVG]) are much preferred over a central venous
catheter for vascular access. AVGs are particularly at risk of
thrombosis, although they are often easier to declot than
AVFs.24 Both AV accesses are at risk of bleeding, although
an AVG may have a greater risk of prolonged bleeding.24 It
is possible that, given their thrombogenic nature, AVGs
also confer an increased risk of thrombotic events as a
whole. Likewise, we hypothesized that continuous platelet
1
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PLAIN-LANGUAGE SUMMARY
The rates of bleeding and thrombosis are increased in
patients with kidney failure, which leads to challenges
for treating this population. In a cohort of Medicare
beneficiaries receiving hemodialysis, we examined the
rates of major bleeding, thrombosis, and other cardio-
vascular events starting from the first dialysis session
using an arteriovenous access. We found that using a
graft, compared with using a fistula, was associated
with an increased risk of deep vein thrombosis and/or
pulmonary embolism. Conversely, there was little to no
difference according to the access type in the rates of
major bleeding or other cardiovascular outcomes. Pro-
viders and patients should potentially consider the risk
of venous thrombosis when discussing the risk calculus
pertaining to the choice of the optimal access for
hemodialysis.
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activation may result from contact between the blood and
the artificial graft material in a manner similar to the effect
of a dialyzer,20 which could also lead to a higher risk of
systemic bleeding among AVG users.

Thus, although an AVF is generally preferred to an AVG
to minimize vascular access complications, given recent
guidelines suggesting tailoring the access type to the
clinical circumstances of each patient,25 a better under-
standing of the risks of bleeding, thrombosis, and other
cardiovascular endpoints could help guide the choice of
the type of permanent AV access. In this observational
study, we used a nationwide end-stage kidney disease
registry to create a cohort of patients receiving mainte-
nance HD with an AV access who were not using oral
anticoagulants. We compared the rates of major bleeding,
venous thromboembolism, ischemic stroke, myocardial
infarction, cardiovascular death, and critical limb ischemia
between AVF and AVG users. The findings of this work
might contribute to the understanding of the risks and
benefits of choosing a vascular access for maintenance HD.
METHODS

Data Sources

This study used standard analysis files from the 2010-2015
US Renal Data System End-Stage Renal Disease registry
database.26 Specifically, we used the End-Stage Renal Dis-
ease Medical Evidence Report (CMS-2728) and Death
Notification (CMS-2746) forms, core patient files, treat-
ment history files, and Medicare Parts A (institutional), B
(physician and/or supplier), and D (prescription drug)
claims files. The institutional review board (IRB-FY2021-
175) at Hennepin Healthcare approved the research pro-
tocol and waived the requirement for informed consent for
this study. Data use agreements between the Hennepin
2

Healthcare Research Institute and the National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK) were
in place. Subject to the terms of a data use agreement,
qualified individuals can freely obtain data used in this
analysis from the US Renal Data System.

Study Design

This study used a retrospective cohort design. Patients
considered for inclusion were those treated for kidney
failure using HD with an AV vascular access. The date of
first use of an AV access for HD, which could occur on or
after the date of kidney failure incidence, was defined as
the index date. To ensure that we could observe the full
history of modality, vascular access, and medication use,
individuals without continuous Medicare as the primary
payer and Part D coverage from kidney failure incidence to
the index date were excluded. Patients younger than 18
years on the index date or who had a Part D claim for an
oral anticoagulant within 90 days before the index date
were excluded. The latter patients were excluded to allow
the study of the background risks of bleeding and
thrombotic events independent of the effects of anti-
coagulation therapy.

Modality and Vascular Access

HD modality was determined using the treatment history
files. The CMS-2728 form or outpatient dialysis claims
were used to identify those whose date of first use of an AV
access for HD (ie, index date) occurred on or after the date
of kidney failure incidence, respectively. For those in the
latter category, the index date was defined as the date of
the first outpatient HD claim with a Healthcare Common
Procedure Coding System modifier code of V6 (AVG) or
V7 (AVF) but no V5 (catheter) modifier. Following the
index date, subsequent outpatient dialysis claims were
used to define the time that the patient received HD with
an AV access. Claims with modifier V5 alone or modifier
V5 in combination with modifiers V6 or V7 were
considered HD sessions using a catheter. Patients were
followed as long as they continued to use an AV access,
allowing for periods of temporary catheter use of no more
than 30 days.

Patient Characteristics

Sociodemographic characteristics included age, sex, race,
and enrollment in Medicaid. Clinical characteristics
included body mass index, primary cause of kidney failure,
use of a catheter at HD initiation, time since the onset of
kidney failure, comorbid conditions, prior acute disease
events, and prescription medications. Comorbid condi-
tions were defined using information from the CMS-2728
form in combination with Medicare claims in the year
before the index date; the definitions are listed in Table S1.
Prior acute disease events in the year before the index date
were defined in accordance with the outcome definitions
described below. The use of antiplatelet, statin,
Kidney Med Vol 4 | Iss 6 | June 2022 | 100456



Table 1. Baseline Characteristics of Patients Receiving Hemodialysis According to the Access Type

Characteristic AVF (N = 60,329) AVG (N = 17,763)
Age category in y, n (%)
18-44 2,838 (4.7) 771 (4.3)
45-64 15,987 (26.5) 4,310 (24.3)
65-74 22,032 (36.5) 6,026 (33.9)
75-84 15,521 (25.7) 4,981 (28.0)
≥85 3,951 (6.5) 1,675 (9.4)

Female sex, n (%) 26,734 (44.3) 10,805 (60.8)
Race, n (%)
White 42,132 (69.8) 10,008 (56.3)
Black 14,746 (24.4) 6,751 (38.0)
Other 3,451 (5.7) 1,004 (5.7)

Medicare/Medicaid dual eligible, n (%) 28,365 (47.0) 9,600 (54.0)
Body mass index in kg/m2, n (%)a

<18.5 1,796 (3.0) 847 (4.8)
18.5-24.9 18,115 (30.0) 6,068 (34.2)
25-29.9 17,476 (29.0) 4,750 (26.7)
≥30 22,501 (37.3) 5,960 (33.6)

Primary cause of kidney failure, n (%)
Diabetes 31,305 (51.9) 9,003 (50.7)
Hypertension 18,688 (31.0) 5,772 (32.5)
Glomerulonephritis 3,143 (5.2) 817 (4.6)
Cystic kidney disease 894 (1.5) 182 (1.0)
Other 6,299 (10.4) 1,989 (11.2)

Catheter at HD initiation, n (%) 37,632 (62.4) 12,710 (71.6)
≥6 mo since HD initiation, n (%) 17,703 (29.3) 4,500 (25.3)
Comorbid conditions, n (%)
Diabetes 45,820 (76.0) 13,775 (77.5)
Hypertension 59,725 (99.0) 17,634 (99.3)
Congestive heart failure 36,007 (59.7) 11,559 (65.1)
Atherosclerotic heart disease 33,464 (55.5) 10,286 (57.9)
Other cardiac disease 27,655 (45.8) 8,857 (49.9)
Cerebrovascular disease 14,582 (24.2) 5,539 (31.2)
Peripheral vascular disease 26,552 (44.0) 8,672 (48.8)
Chronic obstructive pulmonary disease 20,713 (34.3) 6,909 (38.9)
Atrial fibrillation 9,750 (16.2) 3,406 (19.2)
Liver disease 4,393 (7.3) 1,452 (8.2)
Cancer 8,664 (14.4) 2,660 (15.0)

Prior acute disease events, n (%)
Major bleeding 1,966 (3.3) 730 (4.1)
Nonmajor clinically relevant bleeding 945 (1.6) 331 (1.9)
Ischemic stroke 1,383 (2.3) 544 (3.1)
Myocardial infarction 4,567 (7.6) 1,499 (8.4)
Venous thromboembolism 4,130 (6.8) 1,961 (11.0)
Acute limb ischemia 916 (1.5) 323 (1.8)

Prescription medications, n (%)
Antiplatelet 9,643 (16.0) 2,956 (16.6)
Statin 28,226 (46.8) 7,974 (44.9)
Antihypertensive 31,035 (51.4) 9,107 (51.3)
Antiarrhythmic 2,104 (3.5) 696 (3.9)
Antidiabetic 23,358 (38.7) 6,801 (38.3)
Abbreviations: AVF, arteriovenous fistula; AVG, arteriovenous graft; HD, hemodialysis.
aBody mass index values missing in 579 patients.
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antihypertensive, antiarrhythmic, or antidiabetic medica-
tions on the index date was determined using Part D
claims.
Kidney Med Vol 4 | Iss 6 | June 2022 | 100456
Outcomes

Outcomes of interest were identified primarily using
Medicare Part A/B claims. In addition, the CMS-2746 form
3



Incident 5D patients from July 1, 
2010 to August 31, 2015 

N = 613,817

Medicare Parts A/B coverage on 
5D incidence date

N = 244,559

On hemodialysis using a fistula 
or graft on or after 5D incidence 

date
N = 128,494

Age ≥ 18 years on date of first 
use of fistula or graft (index 

date)
N = 128,450

Continuous Medicare Parts 
A/B/D coverage from 5D

incidence through index date
N = 87,347

Not using oral anticoagulant
N = 78,130

Follow-up information available
N = 78,092

AVF users
N = 60,329 

AVG users
N = 17,763 

Figure 1. Construction of main study cohort. Abbreviations: 5D,
dialysis-dependent kidney failure; AVF, arteriovenous fistula;
AVG, arteriovenous graft.
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was used to identify fatal events. Major bleeding, defined
using an adaptation of a claims-based nontraumatic
bleeding algorithm,27,28 included fatal bleeding, inpatient
bleeding accompanied by a blood transfusion, and inpa-
tient bleeding at a critical site. The full algorithm is shown
in Table S2. We also defined 2 other bleeding endpoints
that additionally considered events treated in the emer-
gency department or observation unit (expanded major
bleeding) and events not involving a transfusion, critical
site, or death (nonmajor bleeding). Each bleeding
outcome included all events (first and recurrent) during
follow-up, allowing a maximum of one bleeding event per
day.

The definitions for the thrombotic and cardiovascular
outcomes (venous thromboembolism, ischemic stroke,
myocardial infarction, cardiovascular death, and acute
limb ischemia), which have been used previously,16,29,30

are shown in Table S3. Two composite cardiovascular
endpoints were also studied: composite 1 (major adverse
cardiovascular events) included ischemic stroke, myocar-
dial infarction, and cardiovascular death, and composite 2
included venous thromboembolism, ischemic stroke,
myocardial infarction, and acute limb ischemia.
4

Statistical Analysis

Descriptive statistics were used to summarize the patients’
baseline characteristics for each exposure group (AVF and
AVG). The patients were followed from the index date
until the earliest of the following events: date of the
outcome of interest (except for outcomes including
recurrent events), death, kidney transplant, switch to a
catheter or peritoneal dialysis (if for longer than 30 days),
first oral anticoagulant prescription, loss of Medicare
coverage, August 31, 2015, or 3 years of follow-up. We
estimated the 3-year incidence rates of each outcome of
interest, and Poisson regression with robust standard er-
rors was used to estimate incidence rate ratios (IRRs) for
AVG users relative to AVF users adjusted for the baseline
sociodemographic, clinical, and medication covariates
shown in Table 1. Missing values for body mass index
category were multiply imputed with 10 datasets using
multinomial logistic regression; the results were pooled
according to Rubin’s rules.31 An intention-to-treat frame-
work was used, whereby patients were categorized as AVF
or AVG users according to the access used on the index
date.

Subgroup and Sensitivity Analyses

To examine the robustness of the main findings, the
following analyses were conducted: (1) a subgroup anal-
ysis of new AV access users who initiated HD with a
catheter alone, (2) a sensitivity analysis using inverse
probability of treatment (IPT) weighting, and (3) a sec-
ondary analysis of prevalent AV access users. The full de-
tails of these analyses are described in Item S1.
RESULTS

Baseline Characteristics

The main cohort (consisting of patients newly using an AV
access for maintenance HD, provided they were not using an
oral anticoagulant) comprised 78,092 individuals, including
60,329 (77.3%) AVF users and 17,763 (22.7%) AVG users.
The construction of the cohort is shown in Fig 1. Overall,
the mean age was 68.9 ± 12.3 years, 48.1% were women,
and 66.8% were White. The baseline characteristics ac-
cording to the AV access type are shown in Table 1. The use
of an AVG was more common among those who were
older, women, Black, Medicaid eligible, and normal weight
or underweight. Those with comorbid conditions or who
had experienced an acute bleeding, thrombotic, or cardio-
vascular event in the prior year were also more likely to use
an AVG. Conversely, AVF and AVG users were largely similar
in terms of kidney failure etiology; use of cardiovascular
medications; and prevalence of diabetes, hypertension,
atherosclerotic heart disease, and cancer.

Bleeding Events in New AV Access Users

The mean follow-up period was 1.11 ± 0.98 years among
AVF users and 0.94 ± 0.89 years among AVG users. The
Kidney Med Vol 4 | Iss 6 | June 2022 | 100456



Major bleeding
N events

Venous thromboembolism

Rate (95% CI) IRR (95% CI)

Ischemic stroke

Myocardial infarction

Cardiovascular death

Critical limb ischemia

2586
748
3444
1722
1798
563
5452
1470
3704
1093
2145
576

3.9 (3.7, 4.0)
4.5 (4.1, 4.8)
5.3 (5.1, 5.4)

10.8 (10.3, 11.3)
2.7 (2.6, 2.8)
3.4 (3.1, 3.6)
8.1 (7.9, 8.4)
8.8 (8.3, 9.2)
5.5 (5.4, 5.7)
6.5 (6.1, 6.9)
3.2 (3.1, 3.3)
3.4 (3.2, 3.7)

1 (Ref)
1.04 (0.93, 1.17)

1 (Ref)
1.74 (1.63, 1.85)

1 (Ref)
1.10 (0.99, 1.22)

1 (Ref)
1.05 (0.98, 1.12)

1 (Ref)
1.09 (1.01, 1.16)

1 (Ref)
1.01 (0.90, 1.13)

0.0 3.0 6.0 9.0
Rate (95% CI)

Access type AVF AVG

Figure 2. Rates and multivariable-adjusted IRRs of bleeding, thrombosis, and cardiovascular outcomes in patients receiving hemo-
dialysis by arteriovenous access type in the main cohort (new arteriovenous access users). Abbreviations: AVF, arteriovenous fistula;
AVG, arteriovenous graft; CI, confidence interval; IRR, incidence rate ratio. Total person-years of follow-up were 66,928 (AVF) and
16,753 (AVG) for all outcomes except venous thromboembolism, which had 65,379 (AVF) and 15,983 (AVG). IRRs were estimated
using Poisson models adjusted for all covariates listed in Table 1.
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rates of bleeding, thrombotic, and cardiovascular events
following the start of using an AV access for HD are shown
in Fig 2. Major bleeding was slightly more common in
AVG users (incidence rate, 4.5; 95% confidence interval
[CI], 4.1-4.8 events per 100 person-years) than in AVF
users (incidence rate, 3.9; 95% CI, 3.7-4.0). However, the
baseline characteristics-adjusted rate of major bleeding did
not differ (IRR, 1.04; 95% CI, 0.93-1.17) for AVG relative
to AVF. Similarly, the covariate-adjusted rate of bleeding
did not differ for AVG relative to AVF when also consid-
ering events treated in the emergency department or
observation unit or those with nonmajor bleeding (Fig
S1).

Thrombotic Events in New AV Access Users

The rate of venous thromboembolism, which includes
deep vein thrombosis and pulmonary embolism, was
twice as high in AVG users than in AVF users (incidence
rates per 100 person-years, 10.8 [95% CI, 10.3-11.3] vs
5.3 [95% CI, 5.1-5.4]). After adjustment for baseline
characteristics, the IRR for venous thromboembolism was
1.74 (95% CI, 1.63-1.85) for AVG relative to AVF users
(Fig 2). Furthermore, this covariate-adjusted association
persisted (IRR, 1.83; 95% CI, 1.70-1.96) in a subgroup
analysis limited to patients without a baseline history of
venous thromboembolism.

Cardiovascular Events in New AV Access Users

There was evidence that use of an AVG relative to an AVF
was associated with slightly increased rates of ischemic
stroke (adjusted IRR, 1.10; 95% CI, 0.99-1.22), myocar-
dial infarction (adjusted IRR, 1.05; 95% CI, 0.98-1.12),
and cardiovascular death (adjusted IRR, 1.09; 95% CI,
1.01-1.16), although the CIs were wide. There was no
evidence of an association between the access type and
Kidney Med Vol 4 | Iss 6 | June 2022 | 100456
acute limb ischemia events. The access type also showed a
weak association with major adverse cardiovascular events
(adjusted IRR, 1.07; 95% CI, 1.02-1.13) and a modest
association with the cardiovascular composite endpoint,
including ischemic stroke, myocardial infarction, venous
thromboembolism, and critical limb ischemia (adjusted
IRR, 1.24; 95% CI, 1.19-1.29) (Fig S1). The latter access
type association was likely primarily driven by venous
thromboembolism.

New AV Access Users Who Initiated HD With a

Catheter Alone

In the main cohort, there were 32,665 new AV access
users whose access was placed after initiating HD with a
catheter alone. In this subgroup, covariate-adjusted asso-
ciations of access type with the main study outcomes
(Table S4) were consistent with the findings from the
overall cohort (Fig 2).

Sensitivity Analysis Using Inverse Probability

Weighting

In the main cohort, a sensitivity analysis using IPT
weighting was conducted. Before IPT weighting, there
were numerous baseline characteristics with standardized
differences of >10% comparing AVF and AVG users;
conversely, after IPT weighting, observed covariates were
balanced between the 2 groups (standardized differences
uniformly ≤2.2%) (Table S5). IRRs for the main study
outcomes using the IPT weighted approach (Table S6)
were nearly identical to the findings using regression
adjustment (Fig 2).

Outcomes in Prevalent AV Access Users

A total of 27,607 prevalent AV access users, for whom a
new index date was randomly chosen 0-5 years after the
5



Major bleeding
N events

Venous thromboembolism

Rate (95% CI) IRR (95% CI)

Ischemic stroke

Myocardial infarction

Cardiovascular death

Critical limb ischemia

1019
258
1039
446
671
165
2051
445
1423
322
738
146

4.0 (3.8, 4.3)
4.6 (4.0, 5.1)
4.2 (3.9, 4.4)
8.2 (7.5, 9.0)
2.6 (2.4, 2.8)
2.9 (2.5, 3.4)
8.1 (7.7, 8.4)
7.9 (7.2, 8.6)
5.6 (5.3, 5.9)
5.7 (5.1, 6.4)
2.9 (2.7, 3.1)
2.6 (2.2, 3.0)

1 (Ref)
1.06 (0.88, 1.28)

1 (Ref)
1.77 (1.57, 1.99)

1 (Ref)
0.98 (0.82, 1.17)

1 (Ref)
0.96 (0.85, 1.08)

1 (Ref)
0.94 (0.83, 1.07)

1 (Ref)
0.85 (0.69, 1.03)

0.0 2.5 5.0 7.5
Rate (95% CI)

Access type AVF AVG

Figure 3. Rates and multivariable-adjusted IRRs of bleeding, thrombosis, and cardiovascular outcomes in patients receiving hemo-
dialysis by arteriovenous access type in the secondary cohort (prevalent arteriovenous access users). Abbreviations: AVF, arteriove-
nous fistula; AVG, arteriovenous graft; CI, confidence interval; IRR, incidence rate ratio. Total person-years of follow-up were 25,328
(AVF) and 5,624 (AVG) for all outcomes except venous thromboembolism, which had 24,830 (AVF) and 5,418 (AVG). IRRs were
estimated using Poisson models adjusted for all covariates listed in Table 1.
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original index date, were included in the secondary anal-
ysis. The baseline characteristics of patients included in the
secondary analysis are shown in Table S7. Consistent with
the findings of the main cohort, the covariate-adjusted IRR
for venous thromboembolism was 1.77 (95% CI, 1.57-
1.99) for AVG relative to AVF (Fig 3). There was no evi-
dence of associations of access type with other outcomes
(Figs 3 and S1).

Bleeding and Thrombosis by Time of AVAccess Use

In the secondary cohort, we determined the rates of major
bleeding and venous thromboembolism stratified by the
time since starting to use an AV access for HD (Fig S2). In
AVG users, the rate of major bleeding increased, whereas
the rate of venous thromboembolism decreased with a
longer history of AV access use. We did not observe
analogous patterns in AVF users.
DISCUSSION

In this large, nationwide study of new users of an AV
access for maintenance HD, we found that using an AVG,
compared with using an AVF, was associated with a 1.7-
fold higher rate of venous thromboembolism. This asso-
ciation was also observed among patients who originally
initiated HD with a catheter alone, prevalent AV access
users, and after excluding patients with a history of venous
thromboembolism. Conversely, differences in the rates of
major bleeding, ischemic stroke, myocardial infarction,
cardiovascular death, and critical limb ischemia were
generally small or nonexistent between AVF and AVG
users.

While it is well known that the rates of bleeding and
thromboembolic events are much higher in patients
receiving maintenance HD than in the general
6

population,1-10,13-17 relatively few studies have compared
the rates of these outcomes by AV access type in patients
receiving maintenance HD. Of the few studies on the rates
of major bleeding in maintenance HD overall, most have
focused on oral anticoagulant users. In an international
study, patients requiring maintenance HD and not using
oral anticoagulants, aspirin, or antiplatelet medications had
a major bleeding rate of 4.9 events per 100 person-years.32

In a Canadian study, patients initiating maintenance dial-
ysis (80% undergoing HD, 20% undergoing peritoneal
dialysis, and 12% receiving warfarin) had a rate of major
hemorrhage of 5.3 events per 100 person-years.33 These
rates of major bleeding were similar, but slightly higher,
than those in the present study, which might be explained
by the inclusion of HD catheter or anticoagulant users.
These studies did not report on bleeding according to the
access type.

In another Canadian study, patients using an AV access
for maintenance HD experienced venous thromboembo-
lism at a rate of 2.8 events per 100 person-years,10 which
is lower than that in the present study. However, in this
latter study, it is unclear how many patients were using
oral anticoagulants, which would decrease the rate of
thrombosis.

We do not know of a previous study reporting on
venous thromboembolism separately for AVF and AVG
users. It is unclear whether the higher rate of venous
thromboembolism we observed among AVG users, relative
to AVF users, was due to differences in the background
rates of thrombotic events in those selected for AVG
placement rather than AVF (given inherent differences in
the vasculature between these groups) or was caused by
unique properties of the AVGs not shared by the AVFs. We
originally hypothesized that the presence of an AVG,
which as a prosthetic implant would likely be
Kidney Med Vol 4 | Iss 6 | June 2022 | 100456
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prothrombotic relative to an AVF, may be associated with
thrombotic events. Virchow’s triad (ie, stasis due to access
stenosis, endothelial injury due to shear stress, and acti-
vation of coagulation due to the presence of synthetic graft
material) has been invoked as a reason why AVGs are
particularly prothrombotic;34 therefore, it is plausible that
the presence of an AVG could have an association with
thrombotic events systemically.

Unsurprisingly, the AVG users in this study gener-
ally had a higher burden of adverse risk factors at
baseline. This may indicate that residual confounding,
if present, could be a source of bias toward more
favorable outcomes among AVF users. However, given
the magnitude of the association (a 74% higher rate of
venous thromboembolism in AVG users after statistical
adjustment for baseline covariates) and the general
absence of associations for the other endpoints in this
study, residual confounding is unlikely to completely
explain the key finding. One explanation may be
specifically related to access thrombosis, which is more
common among AVG users than among AVF users.
Procedural interventions for managing access throm-
bosis can, in rare cases, dislodge a clot and cause an
adverse event such as a pulmonary embolism. How-
ever, these emboli are nearly always asymptomatic
because of their very small particle size,35 making it
unlikely that they would be recognized and diagnosed.
Alternatively, while we cannot rule out the possibility
that some access thromboses are miscoded as deep
vein thrombosis in the claims record, this seems to be
an uncommon occurrence based on another study.10

Numerous observational studies have compared the risk
of cardiovascular events according to the access type. In a
systematic review and meta-analysis, there was a lack of
evidence supporting the association of the use of an AVG
relative to an AVF with the risk of major cardiovascular
events (relative risk, 1.07; 95% CI, 0.95-1.21).36 This
estimate is highly consistent with the small IRRs for the
ischemic stroke, myocardial infarction, and cardiovascular
death outcomes (point estimates, 1.05–1.10) among new
access users in the present study. In contrast to the rela-
tively large association observed for venous thromboem-
bolism, the weak associations for cardiovascular disease
events may be explained by residual confounding.

Our findings are potentially important when physicians
and other providers work with patients to select the
optimal access for HD. Current guidelines are based on the
principle of obtaining “the right access, in the right pa-
tient, at the right time, for the right reasons.”25 It appears,
at least in the case of older patients, that neither the risk of
major bleeding nor major cardiovascular events are
important factors in this calculus. However, a nearly 2-fold
increase in the risk of venous thromboembolism associated
with the use of AVGs provides a basis for discussion about
the risks incurred by AVG users compared with AVF users
when attempting to select an optimal access for a given
patient.
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This study has limitations. First, this analysis included only
patients treatedwithHDvia a functioningAVaccess.However,
it is also important to consider the risks faced by patients
starting from the creation of the access, particularly because
AVFs have higher rates of maturation failure and longer times
to cannulation. For instance, in patients close to dialysis initi-
ation, particularly the elderly, placementof anAVGasopposed
to an AVF may be considered a catheter-sparing strategy.37 A
second limitation is that the scope of outcomes considered
provides an incomplete picture of the risks facing AV access
users. While this analysis was primarily concerned with
assessing bleeding, thrombotic, and cardiovascular events, the
risk of a variety of other serious clinical outcomes should
be considered when choosing a vascular access. Beyond the
known differences in the risk of access complications, obser-
vational evidence also suggests that the risk of all-cause mor-
tality and fatal infectionmay be higher among AVG users than
among AVF users.36 Third, as is the case in all observational
studies, residual confounding is likely present. Because there
maybeunmeasured characteristics, suchas small caliber blood
vessels, that are more common in patients who receive AVGs
and that may contribute to the thrombosis risk, randomized
trials will be needed to confirm whether the observed associ-
ation is causal. Fourth, this study included Medicare fee-for-
service beneficiaries with Part D coverage who were not
receiving oral anticoagulation; as such, the results may not be
generalizable to other kidney failure populations.

In this observational study of Medicare beneficiaries newly
using an AV access for maintenance HD, the rate of venous
thromboembolic events, adjusted for patient case-mix, was
roughly 70%higher amongAVGusers than amongAVF users.
Conversely, there were generally nomarked differences in the
rates of major bleeding or other cardiovascular outcomes,
including ischemic stroke, myocardial infarction, cardiovas-
cular death, or peripheral vascular disease, according to the
access type. These findings should be considered as part of
the risk calculus involved when choosing a vascular access for
the maintenance HD population.
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