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Background: It is unclear whether surgical place-
ment of an arteriovenous (AV) fistula (AVF) confers
substantial clinical benefits over an AV graft (AVG)
in older adults with end-stage kidney disease
(ESKD). We report vascular access outcomes of
a pilot clinical trial.

Study Design: Pilot randomized parallel-group
open-label trial.

Setting & Participants: Patients 65 years and
older with ESKD and no prior AV access receiving
maintenance hemodialysis through a tunneled
central venous catheter referred for AV access
placement by their treating nephrologist.

Intervention: Participants were randomly assigned
in a 1:1 ratio to surgical placement of an AVG or AVF.

Outcomes: Index AV access primary failure, suc-
cessful cannulation, adjuvant interventions and
infections.

Results: Of 122 older adults receiving hemodial-
ysis and no prior AV access surgery, 24% died
before (n = 18) or were too sick for (n = 11) referral
for a permanent AV access. Of 46 eligible patients,
36 (78%) consented and were randomly assigned
to AVG (n = 18) and AVF (n = 18) placement, of
whom 13 (72%) and 16 (89%) underwent index
AV access surgical placement, respectively. At a
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median follow-up of 321.0 days, primary AV access
failure was noted in 31% in each group. The
proportion of patients with successful cannulation
was 62% (8 of 13) in the AVG and 50% (8 of
16) in the AVF group; median times to successful
cannulation were 75.0 and 113.5 days,
respectively. Endovascular procedures were
recorded in 38% and 44%, and surgical
reinterventions, in 23% and 25%, respectively. AV
access infection was seen in 3 (23%) and 2
(13%) patients, respectively.

Limitations: Small sample size precludes statisti-
cal inference.

Conclusions: Almost one-quarter of older adults
with incident ESKD and a central venous
catheter as primary access were not referred for
AV access placement due to medical reasons.
Based on these limited results, there is little
reason to favor either an AVF or AVG in this
population until results from a larger randomized
clinical trial become available.

Funding: Government funding to an author (Dr
Murea is supported by National Institutes of
HealthyNational Institute on Aging grant 1R03
AG060178-01).

Trial Registration: NCT03545113.
Each year, almost 750,000 people in the United States
receive life-saving hemodialysis (HD) treatments for

end-stage kidney disease (ESKD). Older adults (aged ≥65
years) make up half of this population.1 In caring for these
patients, timely placement of an arteriovenous (AV)
vascular access (AV fistula [AVF] or AV graft [AVG]) for
HD is desirable to limit the long-term use of tunneled
central venous catheters (CVCs). Present clinical practice
has followed a categorized order of preference for dialysis
vascular access, with first, second, and last choice given to
AVF, AVG, and CVC, respectively. Whether such a ste-
reotypical approach to vascular access placement, fortified
by current financial reimbursement models, benefits all
HD patients is a point of growing contention. Although 7
decades ago, AVF placement suited a large proportion of
patients started on HD for treatment of ESKD, the
landscape of incident and prevalent patients with advanced
kidney disease has vastly changed.2 Treatment of ESKD
with HD is now offered to an aging population with
numerous comorbid conditions who may derive little
benefit from the intervention of permanent vascular access
placement.3

Age is an important biological variable that affects
vascular access outcomes. Compared with younger adults,
older patients have 50% to 65% higher risk for primary
AVF failure.4 Recent registry-based studies have also
indicated that older adults do not accrue the benefits of
AVF use (ie, longer patency) and may retain the benefits
associated with placement of an AVG (ie, shorter time to
maturation).5-9 In patients who convert from a CVC to an
AV-based access, we and others have shown that >60%
will revert back to use of a CVC.10-12

Studies suggesting equivocal clinical results between
AVF and AVG strategies in this population have been
complicated because these studies have relied on obser-
vational data and retrospective analyses, which have an
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PLAIN-LANGUAGE SUMMARY
Randomized clinical trials to compare arteriovenous
fistula and arteriovenous graft vascular access strategies
in patients receiving hemodialysis are lacking. We
performed a pilot clinical trial of fistula-first versus
graft-first access placement in older adults with end-
stage kidney disease who were started on hemodialy-
sis with a catheter and had no prior access surgeries.
Our study identified the presence of a large morbidity
and mortality burden that prevented surgical placement
of an arteriovenous access. Small sample size and
limited follow-up precluded rigorous statistical com-
parison between the 2 access strategies. The pilot trial
helped refine study design (eligibility criteria, primary
outcome, population set analysis, and covariate adjust-
ment) and study team organizational structure (strategic
and operational components) for successful execution
of a future multicenter randomized trial.

Robinson et al
inherent risk for harboring residual confounders. To date,
no randomized prospective studies comparing clinical
outcomes between an approach of AVF-first and AVG-first
in older patients have been conducted. High-quality data
are critically needed to resolve the emerging notion that
placement of an AVG is a better choice than an AVF-first
strategy for older HD patients with ESKD and to identify
preoperative predictors of successful AV access develop-
ment to mitigate the burden of unsuccessful vascular
surgeries.

Given the paucity of robust data and clinical trials, we
conducted a pilot trial to evaluate the feasibility of
randomly assigning older adults with ESKD or advanced
chronic kidney disease and no prior AV access to a
strategy of AVF-first or AVG-first access placement.12

Feasibility results were reported in a separate
report.13,14 Here, we report the clinical outcome data
collected in this pilot trial of older adults in the patient
population who had ESKD at the time of enrollment and
were randomly assigned to an AVG (intervention group)
versus AVF (comparator group) AV vascular access
strategy.
METHODS

Trial Design

The trial was a bicenter, prospective, randomized, open-
label, pilot feasibility trial that was conducted at 2 hospi-
tals and 16 metropolitan and rural dialysis units affiliated
with Wake Forest School of Medicine in North Carolina.
The protocol was approved by the Institutional Review
Board of Wake Forest School of Medicine (IRB00050577),
registered at ClinicalTrials.gov (NCT03545113), and
published previously.12
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Participants

Patients were screened for eligibility at the time of HD
initiation and/or at the time of evaluation for AV access
placement by vascular surgery after duplex vascular map-
ping. Patients were included if they were 65 years or older
with ESKD receiving long-term HD through a CVC or had
advanced chronic kidney disease expected to require HD
initiation within 90 days of AV access placement. This
report includes only patients who had ESKD at the time of
enrollment. Patients also had to have native vasculature
suitable for placement of an AVF or AVG assessed using
duplex vascular mapping and be medically and surgically
eligible to undergo surgery for placement of either an AVF
or AVG. Patients with previous surgical interventions for
AV access placement, imminent kidney transplantation
(expected within 6 months), or anticipated life expectancy
less than 9 months were excluded. All participants pro-
vided written informed consent.

Surgical AV Access Placement

The participant’s vascular suitability and surgical eligibility
for AVF or AVG creation was based on the overall assess-
ment of a board-certified vascular surgeon after evaluation
of all preoperative findings. All operations were performed
in the operating room under regional anesthesia. The
surgical configuration of the anastomosis and anatomical
location of the access was at the discretion of the surgeon.
Participants were seen 7 to 14 days postoperatively and
then at 4 to 6 weeks to assess for adequate access matu-
ration and cannulation suitability.

Outcomes

Vascular access outcomes included time to index AV access
creation, time to successful AV access cannulation, adju-
vant interventions on the AV access, and access-related
infections. The incidence rate of primary AV access fail-
ure was also evaluated. Time to first AV access cannulation,
time to successful AV access cannulation, and duration of
follow-up are reported from the date of the index AV
access placement. Adjuvant endovascular interventions
included percutaneous angiography with angioplasty,
thrombectomy, or intra-access stent placement. Surgical
reintervention included ligation of collateral vein(s),
second-stage procedures in a transposed AVF, revision or
arterial angioplasty for steal syndrome, and AVG removal
for access infection.

The success or failure of an AV access is contingent on
whether it is functional for HD. Vascular access outcomes
were defined according to accepted reporting stan-
dards.13,15 Primary failure of an AV access was defined as
permanent failure of the fistula or graft before HD suit-
ability and included immediate vascular access failure in an
access that had either no appearance or loss of bruit or
thrill within 72 hours of creation. It also included early and
late dialysis suitability failure. Early and late dialysis suit-
ability failure occurred in an access when despite
249
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interventions (radiologic or surgical), it was not possible
to use the access successfully for HD by the third (early) or
sixth (late) month following its creation.

We defined successful cannulation when the access
became the primary access for HD (the access had
been cannulated with two 16- or 15-gauge needles
for ≥3 consecutive dialysis sessions and the CVC was
removed). Unassisted access maturation was defined as
an AV access that was able to be successfully cannulated
without a preceding adjuvant intervention. An AV
access requiring 1 or more preceding adjuvant in-
terventions before successful cannulation was recorded
as assisted access maturation.

Statistical Analyses

This is the first study with this type of complex access
intervention and there is no precedent to base power cal-
culations. The primary purpose of this pilot study was to
evaluate feasibility rather than detect specific intervention
effects. Therefore, the sample size for this study was based
on recommendations for pilot and feasibility studies in
which samples provide data required for the design of a
larger randomized trial with 90% power and 2-sided 5%
significance to detect intervention effect for standardized
effect sizes that are small (0.2), medium (0.5), or large
(0.8), respectively.16 We targeted enrollment of 50
13 Underwent AVG placement
1 Scheduled for AVG surgery

18 Were assigned to surgical 
placement of AVG

156 Older adults with E
assessed fo

36 Patients consente

46 Eligible 

2 Received AVF surgery 
1 Died before AVG surgery
1 Became medically unstable 

6 Completed 12-month follow-up
6 Are actively followed

2 Died

Figure 1. Flow diagram. Screening and randomization between Sep
riovenous; AVF, arteriovenous fistula; AVG, arteriovenous graft; CVC
hemodialysis; PD, peritoneal dialysis.
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patients (25 per arm), inclusive of advanced chronic kid-
ney disease and ESKD, during an 18-month enrollment
period.

We report data for patients who had ESKD at the time of
enrollment. Results are presented using descriptive statis-
tics. Tests for statistical significance were not conducted
due to the small sample size. We present baseline charac-
teristics of patients who consented for study participation
as excerpted from the medical history and review of
electronic medical records. Outcomes are described for
those who underwent AV access surgical placement ac-
cording to the intervention assigned. Kaplan-Meier data
were used to show the cumulative incidence of time-to-
event outcomes for primary access failure and successful
access cannulation in the study groups.
RESULTS

Participants

Between September 1, 2018, and February 29, 2020, a
total of 156 patients 65 years and older with ESKD were
started on HD through a CVC at one of the participating
research sites and were screened for study eligibility
(Fig 1). Of these, 34 (22%) had previous AV access sur-
gery. Of the remaining 122 patients with no prior AV
access surgery, 18 (15%) relocated care outside the Wake
16 Underwent AVF placement

18 Were assigned to surgical 
placement of AVF

SKD on HD via CVC 
r eligibility

34 Had previous AV access surgery
76 Had other exclusion  

18 Died before referral for AV access surgery
18 Transferred to other facilities 
13 Had vasculature not suitable for AVF
10 Planned conversion to PD
11 Were not medically suitable for surgery 

2 Had vasculature not suitable for AVG    
3 Refused AV access placement surgery 
1 Had language barrier

d and randomized

patients 

9 Declined study participation
1 Had cognitive impairment 

1 Received AVG surgery 
1 Became medically unstable 

5 Completed 12-month follow-up
10 Are actively followed

1 Died

tember 1, 2018, and February 29, 2020. Abbreviations: AV, arte-
, central venous catheter; ESKD, end-stage kidney disease; HD,
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Forest Baptist Health System network, 10 (8%) elected to
switch treatment to peritoneal dialysis, 11 (9%) had a
short survival expectancy and were not referred for AV
access placement, 18 (15%) died before being referred to
vascular surgery, and 3 (2%) refused referral to vascular
surgery for access placement. Sixty-two (51%) were
referred to and evaluated by vascular surgery for AV access
placement, of which the upper extremity vasculature was
not suitable for placement of either an AVF or AVG in 13
(21%) and 2 (3%) patients, respectively. Forty-six patients
(29% of all screened patients) were approached for study
participation, of whom 9 (20%) declined to participate
and 1 (2%) had cognitive impairment that impeded
obtaining research consent. In total, 36 older adults (78%
of eligible patients or 23% of all screened patients) with
ESKD met all eligibility criteria and were enrolled and
randomly assigned to either AVF-first (n = 18) or AVG-first
(n = 18) placement.

Baseline characteristics of the patients enrolled are listed
in Table 1. Participant age ranged from 65 to 92 years.
Eleven percent were living at a skilled nursing facility. The
racial distribution and burden of comorbid conditions
were similar between the groups with the exception of
cerebrovascular disease and dementia, which were more
common in patients randomly assigned to AVG placement.
Elements of predialysis nephrology care and HD pre-
scription are recorded in Table 1.

Index AV Access Surgery

Three (8%) participants dropped out from the study before
surgical intervention due to becoming medically unstable
(n = 2) or sudden death (n = 1) before AV access place-
ment. Patients who were enrolled but underwent place-
ment of an AV access that was different from the assigned
intervention were withdrawn from the study. This
included 3 (8%) participants: 2 in the AVG-first group
who received an AVF and 1 in the AVF-first group who
received an AVG. The decision to place a vascular access
that differed from the assigned intervention was made
intraoperatively by the surgeon.

At the time of data lock, 13 (72%) and 16 (89%)
participants underwent the assigned access placement of
AVG first or AVF first, respectively. One patient in the
AVG-first group was scheduled but had not yet had sur-
gery. Median time to index AV access surgical placement
across the 29 participants who underwent surgery as
assigned, calculated from the date of HD initiation, was
146 (range, 7-403; interquartile range [IQR], 73-230)
days. There was a longer time to surgery observed in the
AVG group (176.5; IQR, 57-292.5 days) than in the AVF
group (118; IQR, 78-183 days).

The AVG group included forearm loop AVGs with
brachial artery to cephalic vein (n = 3), basilic vein (n =
1), or median cubital vein (n = 1) configurations. In the
upper arm, configurations were brachial artery to brachial
vein (n = 3) or axillary vein (n = 3). In the AVF group,
surgical anastomotic configurations were as follows: radial
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artery to cephalic vein (n = 5), ulnar artery to cephalic vein
(n = 2), brachial artery to basilic vein (n = 2), brachial
artery to cephalic vein (n = 4), or brachial artery to
brachial vein (n = 3).

Index AV Access Outcomes

Primary AV Access Failure
Table 2 summarizes vascular access outcomes. At the me-
dian follow-up of 321 days, the cumulative primary AV
access failure rate was 31% for both groups (4 of 13 in the
AVG-first group and 5 of 16 in the AVF-first group). All
primary AVG access failure events were early failures,
within 3 months of placement. In contrast, the AVF group
experienced more late access failures, 120 to 244 days after
placement (Fig 2). Four patients with primary AV access
failure (2 AVGs and 2 AVFs) underwent percutaneous
angioplasty (with or without thrombectomy) before their
access was abandoned.

Percutaneous interventions were performed on the in-
dex AV access in 41% of cases and surgical reinterventions
were performed in 24% of cases. The median time to first
percutaneous access intervention and surgical reinterven-
tion from the index access placement date was 56.0
(range, 35.0-91.0) days and 41.0 (range, 20.0-99.0) days,
respectively. Two patients in the AVF-first group under-
went surgical intervention on their index AVF (evacuation
of antecubital hematoma and ligation of collateral vein) to
assist access development; neither experienced successful
cannulation by day 180 after the index surgical date.

At the time of data lock, 4 participants who underwent
index AV access placement did not have their access out-
comes declared: 1 patient in the AVG-first group and 1
patient in the AVF-first group underwent access placement
12 and 10 days before data lock, respectively; and 2 pa-
tients in the AVF-first group did not have an attempt at
access cannulation by 132 and 151 days, respectively, after
access placement.

AV Access Cannulation
Twenty-one (72%) patients underwent AV access cannu-
lation. The first attempt at access cannulation took place at
a median of 51.5 days after the index access placement,
with a shorter time to first cannulation seen in those who
underwent AVG placement (39.5 days) than those who
underwent AVF placement (63.5 days). Sixteen (55%)
patients who underwent AV access creation experienced
successful access cannulation, encompassing 62% of those
who received an AVG and 50% of those who had an AVF
placed. Time to successful access cannulation occurred
after a median of 95 days from access creation, with a
shorter time to successful cannulation seen in those with
an AVG (75 days) versus an AVF (113.5 days; Fig 3).

Unassisted and Assisted AV Access Maturation

Of the 16 participants who experienced successful AV
access cannulation, unassisted access maturation took place
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Table 1. Baseline Characteristics of Patients Who Consented to Study Participation

Characteristic All (N = 36) AVG-First (n = 18) AVF-First (n = 18)
Age, y 76.5 (7.2) 77.5 (7.5) 75.4 (7.1)
Female sex 12 (33%) 8 (44%) 4 (22%)
Race
Black 9 (25%) 4 (22%) 5 (28%)
White 27 (75%) 14 (78%) 13 (72%)

Marital status
Single 5 (14%) 4 (22%) 1 (6%)
Married 25 (69%) 10 (56%) 15 (82%)
Widowed 4 (11%) 3 (17%) 1 (6%)
Divorced 2 (6%) 1 (6%) 1 (6%)

Living arrangement
Alone 2 (6%) 2 (11%) 0 (0%)
With other members (family or friend) 30 (83%) 14 (78%) 16 (89%)
Assisted facility 0 (0.0%) 0 (0.0%) 0 (0%)
Nursing home 4 (11%) 2 (11%) 2 (11%)

Body mass index, kg/m2 28.9 (6.1) 30.3 (6.6) 27.6 (5.6)
Duration of ESKD, d 45.0 (22.5, 73.3) 46.0 (7.8, 118.8) 44.5 (25.0, 56.0)
HD prescription
Treatment time, min 201.0 (23.5) 201.8 (21.2) 200.0 (21.2)
Blood flow, mL/min 334.7 (35.5) 336.1 (37.6) 333.3 (34.3)
Dialysate flow, mL/min 570.0 (86.5) 554.5 (82.0) 588.9 (92.8)
Target weight, kg 80.1 (16.8) 83.8 (16.8) 75.6 (16.6)

Single-pool Kt/Vurea 1.32 (0.39) 1.3 (0.4) 1.4 (0.4)
Urea reduction ratio, % 67.6 (10.1) 68.0 (10.3) 67.2 (10.3)
Albumin, g/dL 3.4 (0.4) 3.3 (0.4) 3.5 (0.4)
Hemoglobin, g/dL 9.6 (1.3) 9.5 (1.4) 9.6 (1.3)
Ferritin, ng/mL 496.7 (281.8) 449.1 (283.0) 544.3 (316.4)
Transferrin saturation, % 26.2 (9.9) 24.9 (9.9) 27.5 (10.1)
Calcium, mg/dL 8.7 (0.7) 8.7 (0.8) 8.8 (0.6)
Phosphorus, mg/dL 4.6 (1.3) 4.5 (0.8) 4.6 (1.7)
Intact PTH, pg/mL 384.1 (256.7) 362.7 (202.5) 405.5 (309.5)
Coexisting medical conditions
Diabetes and complications of diabetes 22 (61%) 10 (56%) 12 (67%)
Hypertension 31 (86%) 15 (82%) 16 (89%)
Cardiovascular disease 18 (50%) 10 (56%) 8 (44%)
Congestive heart failure 6 (17%) 2 (11%) 4 (22%)
Peripheral arterial disease 7 (19%) 4 (22%) 3 (17%)
Cerebrovascular disease 13 (36%) 9 (50%) 4 (22%)
History of tumor without metastases 8 (22%) 4 (22%) 4 (22%)
Chronic pulmonary disease 5 (14%) 2 (11%) 3 (17%)
Liver disease 2 (6%) 1 (6%) 1 (6%)
Dementia 2 (6%) 2 (11%) 0 (0%)

Outpatient nephrology carea

First visit before enrollment, y 3.7 (2.0, 5.3) 4.4 (1.8, 7.1) 3.5 (2.0, 4.4)
No. of outpatient visits 8.5 (4.8, 18.8) 9.5 (5.0, 22.0) 8.0 (4.8, 14.3)
Note: Baseline data were collected at the time of patient enrollment. Data are presented as number of participants (percent) for categorical variables and mean
(standard deviation) or median (1st, 3rd quartile) for continuous variables.
Abbreviations: AVF, arteriovenous fistula; AVG, arteriovenous graft; ESKD, end-stage kidney disease; HD, hemodialysis; PTH, parathyroid hormone.
aOutpatient nephrology care was calculated from the date of first outpatient nephrology office visit to the date of HD initiation. Race or ethnic group was self-reported.
Body mass index is weight in kilograms divided by the square of height in meters.
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in 6 (46%) AVG patients and 2 (13%) AVF patients. Two
patients who underwent brachiobasilic AVF placement
underwent second-stage transposition of the basilic vein
before successful cannulation. Adjuvant interventions
252
before successful access maturation took place in 3 (19%)
patients with an AVF who underwent 5 interventions (1
surgical intervention for ligation of collateral veins and 4
percutaneous interventions for angioplasty with or
Kidney Med Vol 3 | Iss 2 | March/April 2021



Table 2. Vascular Access Outcomes in Patients who Underwent the Assigned Surgery for AV Access Placement

Outcome All (N = 29) AVG-First (n = 13) AVF-First (n = 16)
Primary, early AV access failurea 5 (17%) 4 (31%) 1 (6%)
Time to early AV access failure, d 57.0 (22.0-85.0) 47.5 (22.0-79.0) 85.0 (-)
Primary, late AV access failureb 4 (14%) 0 (0%) 4 (25%)
Time to late AV access failure, d 128.0 (120.0-244.0) — 128.0 (120.0-244.0)
First AV access cannulationc 21 (72%) 10 (77%) 11 (69%)
Time to first AV access cannulation, d 51.5 (36.0, 66.0) 39.5 (35.0, 55.0) 63.5 (45.8, 75.0)
Successful AV access cannulation 16 (55%) 8 (62%) 8 (50%)
Time to successful AV access cannulation,c d 95.0 (66.5, 151.0) 75.0 (53.3, 108.0) 113.5 (89.0, 181.5)
Endovascular interventions on index AV
accessd,e

12 (41%); 16 5 (38%); 7 7 (44%); 9

Surgical re-intervention on index AV accesse,f 7 (24%); 8 3 (23%); 3 4 (25%); 5
CVC exchange over wire due to malfunction or
thrombosise

5 (17%); 6 3 (23%); 4 2 (13%); 2

Follow-up,g d 321.0 (181.0, 365.0) 327.0 (202.0, 365.0) 321.0 (168.5, 365.0)
Note: Data are reported as number of patients (percent), median (1st, 3rd quartile), or median (range).
Abbreviations: AV, arteriovenous; AVF, arteriovenous fistula; AVG, arteriovenous graft; CVC, central venous catheter.
aEarly primary AV access failure was defined as index AV access failure within 3 months of surgical placement and no successful cannulation.
bLate primary AV access failure was defined as lack of successful AV access cannulation within 6 months of surgical placement and does not include counts of early
primary failure.
cTime to first or successful AV access cannulation and duration of follow-up are reported from the date of the index AV access placement.
dAdjuvant percutaneous interventions included percutaneous angiography, with or without thrombectomy, angioplasty, or stent placement.
eRepresents total number of events.
fSurgical reintervention included ligation of collateral vein(s), second-stage procedure in transposed brachiobasilic AVF, revision or arterial angioplasty for steal
syndrome, and AVG removal for access infection.
gFollow-up is calculated from the date of surgical placement of the index AV access.
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without thrombolysis) and 1 (8%) patient with an AVG
who underwent 2 interventions (percutaneous angioplasty
with or without thrombolysis). After successful cannula-
tion, 3 (19%) patients with an AVF and 2 (15%) patients
with an AVG underwent percutaneous salvage access
procedures to maintain access functionality.
Figure 2. Cumulative incidence of primary access failure.
Shown are Kaplan-Meier event curves for the outcome of pri-
mary access failure in the arteriovenous fistula (AVF)-first and
arteriovenous graft (AVG)-first groups.
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Adverse Events

The adverse events seen among patients who underwent
index AV access placement are shown in Table 3. Three
deaths were recorded, of which 1 was in the AVF group
and 2 were in the AVG group. A total of 44 hospitalizations
were observed in 23 (79%) of the 29 participants who
Figure 3. Cumulative incidence of successful access cannula-
tion. Shown are Kaplan-Meier event curves for the outcome of
successful access cannulation in the arteriovenous (AV) fistula
(AVF)-first and arteriovenous graft (AVG)-first groups.
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Table 3. Adverse Events

Outcome All (N = 29) AVG-First (n = 13) AVF-First (n = 16)
Death 3 (10%) 2 (15%) 1 (6%)
Participants hospitalized 23 (79%) 11 (85%) 12 (75%)
All hospitalization events 44 23 21
Cause-specific hospitalization events, of all hospitalization events
Cardiovascular- and cerebrovascular-related 14 (32%) 8 (35%) 6 (29%)
Infection, not related to CVC or index AV access 7 (16%) 4 (17%) 3 (14%)
Infection, related to index AV access 4 (9%) 2 (9%) 2 (10%)
Infection, related to CVC 5 (11%) 3 (13%) 2 (10%)
Other 14 (32%) 6 (26%) 8 (38%)

Hospitalization length, d 2.0 (1.0, 5.3) 2.5 (1.0, 4.0) 3.0 (2.0, 5.0)
Time to first hospitalization, d 56.0 (23.0, 122.0) 64.54 (20.0, 106.5) 56 (32.0, 128)
CVC exit-site infection 3 (10%) 2 (15%) 1 (6%)
CVC-related bacteremia 6 (21%) 4 (31%) 2 (13%)
Steal syndrome 3 (10%) 2 (15%) 1 (6%)
AV access infection 5 (17%) 3 (23%) 2 (13%)
AV access infiltration 7 (24%) 2 (15%) 5 (31%)
AV access hematoma 3 (10%) 1 (8%) 2 (13%)
Note: Categorical variables are reported as number or number (percent) and continuous variables as median (1st, 3rd quartile). Hospitalizations are reported as total
number of events. A similar but separate event on a same participant was recounted and added to the total number of events.
Abbreviations: AV, arteriovenous; AVF, arteriovenous fistula; AVG, arteriovenous graft; CVC, central venous catheter.
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received the assigned AV access. Most hospitalizations were
related to a cardiovascular, cerebrovascular, or noninfec-
tious event. Bacteremia related to index AV access infection
was noted in 2 (15%) patients who underwent AVG
placement; these patients had the AVG surgically removed.
Cellulitis at the site of the index AV access was recorded in
2 (13%) patients who received an AVF and 3 (23%) pa-
tients who underwent AVG placement. Symptoms related
to steal syndrome were noted in 2 (15%) patients with an
AVG and 1 (6%) patient with an AVF; these patients had
mild to moderate manifestations that resolved after arterial
angioplasty of the radial artery in 2 patients and subclavian
artery in 1 patient. Six events of catheter-related bacteremia
were noted, of which 2 events required hospitalization.
Numerically, there were more events of catheter-related
bacteremia noted among patients who underwent place-
ment of an AVG.
DISCUSSION

In this pilot randomized trial, our primary intent was to
determine the feasibility of randomly assigning older pa-
tients with ESKD to either AVF or AVG surgical creation as
a first permanent vascular access strategy.14 In this report,
clinical outcomes between the AVF and AVG groups are
presented. Whereas prior studies have been mainly
observational, this trial’s primary strength is that it is the
first to test the “Fistula First” approach in a randomized
fashion. Despite the small number of participants, our
results revealed several important findings that can inform
future investigations.

First, the enrollment to screening ratio was 0.23. At the
end of the enrollment period, 72% of the original
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recruitment target consisted of patients with ESKD. This
provided an opportunity to identify variables that limited
the enrollment rate. For a future trial, we propose the
inclusion of patients with prevalent ESKD and patients with
failed AV access receiving HD through a CVC.

Second, the study intervention rate was 81%. For a
larger trial, we propose the primary analysis to be based on
the entire cohort of randomly assigned patients according
to the intention-to-treat principle, with sensitivity analysis
performed on a per-protocol population set.

Third, a mix of AV access subtypes was present in each
intervention group. Many eligible patients had suitable
vascular anatomy in the forearm for one type of AV access
and in the upper arm for the other type of AV access. This
indicates that stratified randomization by anatomical
location (forearm vs upper arm) is impractical. Statistical
analyses in a larger clinical trial will need to adjust for
vascular access location and include prespecified subgroup
analyses to compare forearm AVFs with forearm loop
AVGs and arm AVFs (including brachiobasilic AVFs) with
brachioaxillary AVGs.

Fourth, this pilot study revealed a high patient
morbidity and mortality rate in the screening and pre-
intervention phase of the study, as discussed next. This
underscores the need for setting realistic recruitment tar-
gets for each clinical center in a multicenter trial.

Finally, the execution of this pilot study helped improve
the organizational structure of the study team in both its
strategic and operational components.

In this pilot trial, 24% (29 of 122) of older patients
with ESKD who were started on HD with a CVC died (n =
18) or were too sick (n = 11) to be referred for AV access
placement. Among patients enrolled in the study, there
Kidney Med Vol 3 | Iss 2 | March/April 2021
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was an additional 8% morbidity rate (3 of 36) that pre-
vented AV access surgery due to death or worsening
clinical status before the scheduled date of AV access
placement. In a retrospective analysis, this high morbidity
and mortality that precluded AV access surgery would have
been associated with CVC use. Furthermore, the mortality
rate of 10% (3 of 29) at a median follow-up of 321.0 days
among patients who underwent AV access placement was
lower than the previously reported mortality rates of
25% to 60% in the first year of HD in older adults.17-19

Overall, these results lend significant support to recent
studies that have suggested that patient-specific factors,
rather than the vascular access itself, explains at least two-
thirds of the mortality benefit historically credited to
AVFs.20,21

Several access-related outcomes deserve further discus-
sion. Primary access failure was similar between the
groups. When an access experienced primary failure, this
tended to occur earlier in the AVG cohort and later in those
who received an AVF. In patients randomly assigned to an
AVG, the first successful cannulation occurred earlier when
compared with AVFs. Whether earlier successful cannula-
tion in those with an AVG imparts a benefit to older pa-
tients with more comorbid illness will need to be
examined in future trials. Both AVGs and AVFs required
similar endovascular and surgical reintervention to
augment maturation. Access-related infection was
numerically more common in the AVG group, and 2 pa-
tients required surgical AVG removal for infection related
to the index procedure.

The major limitation of this pilot study is, by design, a
small sample size that limits generalizability and prohibits
rigorous between-group difference assessments. For this
reason, statistical calculations to determine significance
were not computed and the findings must be interpreted
with caution. We note that the primary failure rate and
time to successful cannulation in the AVG group were
higher than expected, whereas the AVF primary failure rate
was perhaps lower than expected. Given that these results
were derived from a small cohort at a single health system
and not inclusive of the overarching picture of access-
related outcomes in older adults (ie, proportion of CVC-
free days during dialysis life span after access place-
ment), at this stage we do not consider them of significant
impact on vascular access decision making.

Moreover, the short follow-up duration in this pilot
limited a thorough comparison of adjuvant access pro-
cedures. Studies have shown that although AVFs require
more interventions in the immediate postoperative period
to facilitate maturation, AVGs require more interventions
in the later postoperative period to maintain patency.7,9,22

A short follow-up of less than 1 year may skew results in
favor of AVGs by not capturing the entire scale of adjuvant
interventions expected to occur later in patients using
AVGs. Larger randomized clinical trials spanning more
than 1 health system with longer follow-up and all-
encompassing access-related and patient outcomes will
Kidney Med Vol 3 | Iss 2 | March/April 2021
be necessary to fully analyze clinically significant differ-
ences between an AVF and AVG vascular access strategy.

The recently published update of the National Kidney
Foundation Dialysis Outcomes Quality Initiative (K-DOQI)
clinical practice guidelines for vascular access aims to
replace the AVF-centered approach with a more individ-
ualized patient-centric paradigm that places the focus on
the “right access, in the right patient, at the right time, for
the right reasons” as it fits within an ESKD life-plan for
each patient.21 A key present and future challenge will be
how to transition to this new case management model in
which providers should engage and work together with
patients to decide the optimal vascular access. This
ongoing discussion will be distinctly relevant as the fabric
of the dialysis population continues to evolve, including
older patients with a higher burden of comorbid disease.
Well-powered multicenter clinical trials are necessary to
guide decision makers in this area and elucidate which
patient factors will predict outcomes.

ARTICLE INFORMATION

Authors’ Full Names and Academic Degrees: Todd Robinson,
MD, Randolph Geary, MD, Ross P. Davis, MD, Justin B. Hurie,
MD, Timothy K. Williams, MD, Gabriella Velazquez-Ramirez, MD,
Shahriar Moossavi, MD/PhD, Haiying Chen, PhD, and Mariana
Murea, MD.

Authors’ Affiliations: Section on Nephrology, Department of
Internal Medicine (TR, SM, MM), Department of Vascular and
Endovascular Surgery (RLG, RPD, JBH, TKW, GV-R), and Division
of Public Health Sciences, Department of Biostatistics and Data
Science (HC), Wake Forest School of Medicine, Winston-Salem,
NC.

Address for Correspondence: Mariana Murea, MD, Department of
Internal Medicine, Section on Nephrology, Wake Forest School of
Medicine, Medical Center Blvd, Winston-Salem, NC 27157-1053.
E-mail: mmurea@wakehealth.edu

Authors’ Contributions: Research idea and study design: MM; data
acquisition: RLG, RPD, JBH, TKW, GVR; data analysis/
interpretation: HC, MM, TR; statistical analysis: HC, MM;
supervision and mentorship: MM. Each author contributed
important intellectual content during manuscript drafting or
revision, accepts personal accountability for the author’s own
contributions, and agrees to ensure that questions pertaining to
the accuracy or integrity of any portion of the work are
appropriately investigated and resolved.

Support: Dr Murea is supported by National Institutes of Healthy
National Institute on Aging GEMSSTAR grant 1R03 AG060178-01.

Financial Disclosure: The authors declare that they have no
relevant financial interests.

Acknowledgements:We thank dialysis access coordinators Audrey
B. Tuttle and Virginia G.R. Christman and vascular access
schedulers Liz Link and Stephanie Henderson for assistance in
this study.

Peer Review: Received June 25, 2020. Evaluated by 2 external peer
reviewers, with direct editorial input from the Statistical Editor and
the Editor-in-Chief. Accepted in revised form November 21, 2020.

Data Sharing: Individual participant data that underlie the results
reported in this article (text, tables, and figure) will be shared after
deidentification, beginning 9 months and ending 36 months
following article publication, with investigators whose proposed
use of the data has been approved by an independent review
255

mailto:mmurea@wakehealth.edu


Robinson et al
committee. Proposals may be submitted up to 36 months following
article publication and should be directed to the corresponding
author.

REFERENCES
1. US Renal Data System. USRDS 2019 Annual Data Report:

Epidemiology of Kidney Disease in the United States. National
Institutes of Health, National Institute of Diabetes and Digestive
and Kidney Diseases; 2019.

2. Blagg CR. The early history of dialysis for chronic renal failure in
the United States: a view from Seattle. Am J Kidney Dis.
2007;49:482-496.

3. Mandel EI, Bernacki RE, Block SD. Serious illness
conversations in ESRD. Clin J Am Soc Nephrol. 2017;12:
854-863.

4. Lazarides MK, Georgiadis GS, Antoniou GA, Staramos DN.
A meta-analysis of dialysis access outcome in elderly patients.
J Vasc Surg. 2007;45:420-426.

5. DeSilva RN, Patibandla BK, Vin Y, et al. Fistula first is not al-
ways the best strategy for the elderly. J Am Soc Nephrol.
2013;24:1297-1304.

6. Lee T, Thamer M, Zhang Y, Zhang Q, Allon M. Outcomes of
elderly patients after predialysis vascular access creation. J Am
Soc Nephrol. 2015;26:3133-3340.

7. Leake AE, Yuo TH, Wu T, et al. Arteriovenous grafts are asso-
ciated with earlier catheter removal and fewer catheter days in
the United States Renal Data System population. J Vasc Surg.
2015;62:123-127.

8. Woo K, Goldman DP, Romley JA. Early failure of dialysis access
among the elderly in the era of fistula first. Clin J Am Soc
Nephrol. 2015;10:1791-1798.

9. Lee T, Qian J, Thamer M, Allon M. Tradeoffs in vascular access
selection in elderly patients initiating hemodialysis with a cath-
eter. Am J Kidney Dis. 2018;72:509-518.

10. Murea M, Brown WM, Divers J, et al. Vascular access place-
ment order and outcomes in hemodialysis patients: a longitu-
dinal study. Am J Nephrol. 2017;46:268-275.

11. Kamar F, Quinn RR, Oliver MJ, et al. Outcomes of the first and
second hemodialysis fistula: a cohort study. Am J Kidney Dis.
2019;73:62-71.
256
12. Murea M, Geary RL, Edwards MS, et al. A randomized pilot
study comparing graft-first to fistula-first strategies in older
patients with incident end-stage kidney disease: clinical ratio-
nale and study design. Contemp Clin Trials Commun.
2019;14:100357.

13. Beathard GA, Lok CE, Glickman MH, et al. Definitions
and end points for interventional studies for arteriovenous
dialysis access. Clin J Am Soc Nephrol. 2018;13:
501-512.

14. Murea M, Geary RL, Houston DK, et al. A randomized pilot
study to evaluate graft versus fistula vascular access strategy in
older patients with advanced kidney disease: results of a
feasibility study. Pilot Feasibility Stud. 2020;6:86.

15. Lee T, Mokrzycki M, Moist L, Maya I, Vazquez M, Lok CE.
Standardized definitions for hemodialysis vascular access.
Semin Dial. 2011;24:515-524.

16. Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Esti-
mating the sample size for a pilot randomised trial to minimise
the overall trial sample size for the external pilot and main trial
for a continuous outcome variable. Stat Methods Med Res.
2016;25:1057-1073.

17. Kurella M, Covinsky KE, Collins AJ, Chertow GM. Octogenar-
ians and nonagenarians starting dialysis in the United States.
Ann Intern Med. 2007;146:177-183.

18. Canaud B, Tong L, Tentori F, et al. Clinical practices and out-
comes in elderly hemodialysis patients: results from the Dialysis
Outcomes and Practice Patterns Study (DOPPS). Clin J Am
Soc Nephrol. 2011;6:1651-1662.

19. Robinson BM, Zhang J, Morgenstern H, et al. Worldwide,
mortality risk is high soon after initiation of hemodialysis. Kidney
Int. 2014;85:158-165.

20. Quinn RR, Oliver MJ, Devoe D, et al. The effect of predialysis
fistula attempt on risk of all-cause and access-related death.
J Am Soc Nephrol. 2017;28:613-620.

21. Brown RS, Patibandla BK, Goldfarb-Rumyantzev AS. The
survival benefit of “Fistula First, Catheter Last” in hemodialysis
is primarily due to patient factors. J Am Soc Nephrol. 2017;28:
645-652.

22. Cui J, Steele D, Wenger J, et al. Hemodialysis arteriovenous
fistula as first option not necessary in elderly patients. J Vasc
Surg. 2016;63:1326-1332.
Kidney Med Vol 3 | Iss 2 | March/April 2021

http://refhub.elsevier.com/S2590-0595(21)00018-2/sref1
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref1
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref1
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref1
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref2
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref2
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref2
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref3
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref3
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref3
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref4
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref4
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref4
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref5
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref5
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref5
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref6
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref6
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref6
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref7
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref7
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref7
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref7
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref8
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref8
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref8
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref9
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref9
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref9
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref10
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref10
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref10
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref11
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref11
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref11
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref12
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref12
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref12
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref12
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref12
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref13
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref13
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref13
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref13
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref14
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref14
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref14
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref14
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref15
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref15
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref15
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref16
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref16
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref16
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref16
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref16
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref17
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref17
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref17
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref18
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref18
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref18
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref18
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref19
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref19
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref19
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref20
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref20
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref20
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref21
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref21
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref21
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref21
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref22
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref22
http://refhub.elsevier.com/S2590-0595(21)00018-2/sref22


Robinson et al
Kidney Med Vol 3 | Iss 2 | March/April 2021 256.e1


	Arteriovenous Fistula Versus Graft Access Strategy in Older Adults Receiving Hemodialysis: A Pilot Randomized Trial
	Methods
	Trial Design
	Participants
	Surgical AV Access Placement
	Outcomes
	Statistical Analyses

	Results
	Participants
	Index AV Access Surgery
	Index AV Access Outcomes
	Primary AV Access Failure
	AV Access Cannulation

	Unassisted and Assisted AV Access Maturation
	Adverse Events

	Discussion
	References


