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Abstract
Optimal vascular access planning begins when the patient is in the predialysis stages of CKD. The choice of
optimal vascular access for an individual patient and determining timing of access creation are dependent on a
multitude of factors that can vary widely with each patient, including demographics, comorbidities, anatomy,
and personal preferences. It is important to consider every patient’s ESRD life plan (hence, their overall dialysis
access life plan for every vascular access creation or placement). Optimal access type and timing of access
creation are also influenced by factors external to the patient, such as surgeon experience and processes of care.
In this review, wewill discuss the key determinants in optimal access type and timing of access creation for upper
extremity arteriovenous fistulas and grafts.
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Introduction
Fistula First, National Kidney Foundation Kidney
Disease Outcomes Quality Initiative (KDOQI), and
other international guidelines strongly encourage the
creation of autogenous arteriovenous (AV) fistulas
(AVFs) for hemodialysis (HD) vascular access over
prosthetic AV grafts and discourage the use of HD
central venous catheters (CVCs). However, deter-
mining the optimal type and timing of dialysis vas-
cular access creation in any individual patient can be
more complex than suggested, necessitating consider-
ation of a multitude of factors (Figure 1). In this re-
view, we will address the most common types of AV
access: upper extremity AVFs and AV grafts. This re-
view will cover key determinants in deciding the op-
timal AV access for the individual patient, including
patient-related factors, anatomic access circuit–related
characteristics, surgical features, and process consid-
erations, all of which affect vascular access outcomes.

Patient-Related Factors
Patient-related considerations include patient demo-

graphics, comorbidities, patient preference, and social
and logistics variables.

Demographics
Key patient demographic factors that influence vas-

cular access outcomes and decision making include their
dialysis dependence status, sex, age, and ethnicity/race.

Dialysis Dependence. Patients who need an HD
vascular access are preparing to initiate dialysis (pre-
dialysis), transitioning from another renal replace-
ment modality (peritoneal dialysis [PD] or failing/
failed kidney transplant), or already on dialysis (dialysis

dependent) with a failing AV access or CVC (Table 1).
Dialysis dependence status is one of the most impor-
tant factors to consider when determining the optimal
AV access for a given patient. For patients who are
predialysis, the urgency to initiate dialysis is a core
consideration affecting AV access choice. For example, a
CVC can be avoided by using a prosthetic early can-
nulation AV graft that can be used in as little as 24
hours after creation (1,2) in patients without an already
established vascular access, who urgently need to ini-
tiate HD. In contrast, while AVFs should be considered
in all appropriate patients, AVFs require a minimum of
4 weeks and up to 9 months before they are suitable for
HD in North America. Should the initial attempt at an
AVF fail to become functional for use, another AV ac-
cess must be created. During this time, if the patient
needs to initiate HD or is already dialysis dependent, a
bridging CVC is required and brings with it increased
risks of infection, central stenosis, hospitalizations,
morbidity, and mortality (3). In fact, patients who
are predialysis who have AVFs have been shown to
have a significantly increased incidence of CVC de-
pendence at dialysis initiation compared with pa-
tients who have AV grafts (4). In patients who are
dialysis dependent, the benefits of an AVF must be
weighed against the potentially detrimental effects
of CVC use during the AVF’s maturation period.
Dialysis access planning should begin early on

when a patient is predialysis. For both patients who
are predialysis and patients who are dialysis depen-
dent, their ESRD life plan or life strategy (hence, their
overall dialysis access life plan) should be considered.
No decision about a single vascular access creation or
placement should be made in isolation or independent
of the patient’s overall ESRD life plan (5).
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The ESRD life plan is a strategy for living with ESRD,
ideally made by the patient with a coordinated CKD man-
agement team. It is a strategy that should start in the
predialysis period, and it encompasses a continuum of
care model for CKD and transitions to ESRD. It aims to
maximize ESRD modality choices and utilization for a
specific patient’s foreseeable lifespan and specifically con-
siders the patient’s current medical situation, their current
and future life goals, and their preferences, social support,
functional status, and logistic and other practical feasibil-
ities. In doing so, the dialysis access strategy is considered
and reflects the ESRD life plan, whereby the appropriate
access aligns with the modality for RRT (dialysis or trans-
plant) to help each patient achieve their life goals safely and
with their preferences considered. For example, a young
active patient with residual renal function might best ini-
tiate PD with a PD catheter in anticipation of a living donor
kidney transplant and as that transplant eventually fails,
will receive an AVF in view of starting home HD and so
on. In contrast, an older and more complex but active pa-
tient may start HD with a matured AVF with plans for
future AVFs or AV grafts (depending on intercurrent
events) as the AVF becomes problematic. Lastly, a pallia-
tive patient may best be served with an early cannulation
graft or CVC for shorter-term HD. This concept relies on
clear, timely, and effective communication between the pa-
tient, their family/personal supporters, and key healthcare
and vascular access team members. As such, dialysis access
and renal replacement modality short– and long–term plans
(ESRD life plan) should be updated on a regular basis.
Sex. Studies conflict regarding the association between

women, AVF nonmaturation, and reduced patency (6–9),
which is hypothesized to be related to smaller diameter veins
in women compared with men. This is difficult to assess,
because many studies do not perform preoperative vein
mapping or report vein diameters. However, one study of
148 consecutive patients showed no association between
sex and diameter of the cephalic vein (10). Similarly, an-
other study showed inferior AVF maturation rates in
women that were not explained by differences in vein di-
ameter (11). Additionally, pediatric patients with small
veins can have successful AVFs created, suggesting that
surgical skill may be a contributing factor or effect

modifier (below). With such speculation about the associ-
ation between sex and AVF outcomes, patient sex alone
should not serve as a deciding factor regarding optimal
AV access type for an individual patient.
Age. Patient age is a significant consideration for the

ideal AV access type because of the complex implications
associated with age: life expectancy, likelihood of associ-
ated comorbidities, and age–related personal goals. Life
expectancy is reduced with increasing age and dialysis
vintage (time on dialysis) (12). For example, the 12-month
survival rates of patients with incident ESRD $75 or 45–64
years old are 62% and 86%, respectively (12). Life expec-
tancy (death), particularly in the elderly, is a competing
risk for AVF maturation time and use. There is growing
literature showing inferior outcomes of AVFs in elderly
patients compared with younger patients on HD. For ex-
ample, patients ages $65 years old have been reported to
have an increased risk of AVF maturation failure with a
relative risk of 1.7 compared with patients ,65 years old
(13). A meta-analysis also showed that 12-month primary
and secondary patency as well as maturation rates are
significantly worse in the elderly patient (14). Until the
AVF matures enough to be used, the patient cannot enjoy
the benefits of an AVF over AV graft, such as a lower in-
fection risk. Indeed, in elderly patients with limited life
expectancy, AVFs confer a very modest reduction in the
risk of bacteremia compared with AV grafts (15). Among
patients with an estimated life expectancy in the 25th per-
centile, .200 AVFs would need to be placed to prevent
one episode of AV graft–related bacteremia (15).
The complexities of AV access planning are highlighted

in a study of octogenarians, which showed that, of those who
hadpreoperative veinmappingduring the predialysis period,
all had AVFs created (16); however, 32% died before needing
to start dialysis (16). Furthermore, within the cohort, 57.5%
of patients died within 18 months of starting dialysis (16). Of
these patients who died, 55.5% died within 6 months of
starting dialysis: 70% of them had AVFs created, but none
of the AVFs matured to allow for cannulation before the
patients died (16).
It can be challenging to find the balance between the

likelihood of patient survival, access survival, and their re-
spective potential complications. However, one might
consider that, if an elderly patient is expected to have a
high 1-year mortality, an AV graft may be appropriate.
DeSilva et al. (17) reported that there was no difference in
survival among patients ages .80 years old who had an
AV graft as their initial access placed predialysis com-
pared with those with AVFs. Other studies have also
found lower AVF maturation or use, greater need for in-
terventions, and prolonged catheter dependency com-
pared with AV grafts in the elderly (17–20).
However, elderly age alone should not preclude a patient

from undergoing AVF creation. If an elderly patient has
few comorbidities and good functional status, an AVF may
be appropriate. In such instances, despite KDOQI guide-
lines that recommend creation of a radiocephalic fistula
before an upper arm fistula, consideration should be given
to performing a brachiocephalic AVF, particularly if the
radial artery or forearm cephalic vein is not of a robust
diameter. In a meta-analysis comparing patency of bra-
chiocephalic AVFs with that of radiocephalic AVFs in the

Figure 1. | Considerations for achieving the right vascular access at
the right time for the right patient. AV, arteriovenous; ESKD, ESRD.
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Table 1. Timing of hemodialysis vascular access creation

Organization Country Recommendation

National Kidney Foundation
Kidney Disease Outcomes
Quality Initiative

United States “Patients with a glomerular filtration rate (GFR) less than 30
ml/min/1.73 m2 (CKD stage 4) should be educated on all
modalities of kidney replacement therapy (KRT) options,
including transplantation, so that timely referral can be
made for the appropriate modality and placement of a
permanent dialysis access, if necessary . . . A fistula should
be placed at least 6 months before the anticipated start of
HD treatments. This timing allows for access evaluation
and additional time for revision to ensure a working fistula
is available at initiation of dialysis therapy . . . A graft
should, in most cases, be placed at least 3 to 6 weeks before
the anticipated start of HD therapy. Some newer graft
materials may be cannulated immediately after
placement.”

Canadian Society of
Nephrology

Canada “Set specific targets for tasks during CKD Stages 3, 4, and
5 management according to the rate of decline of eGFR:
(a) Assuming a usual rate of decline of 2–5 ml/min/yr,
modality education should usually begin at eGFR530
ml/min, modality decisions should usually be finalized by
eGFR520 ml/min, and that those who choose HD (and
who are expected to survive long enough and are suitable),
should usually be referred to a vascular surgeon for
consideration/evaluation of AVF when eGFR515–20
ml/min (as per 2006 CSN guideline). (b) In patients whose
rate of decline of eGFR over time is greater than 5
ml/minute/year, these tasks should be undertaken earlier
than proposed before . . .Assuming that local resources are
available, we recommend that if and when patients reach
eGFR515 ml/minute and are unable or unwilling to make
a modality decision, consideration should be given to refer
suitable patients to the VA surgical team for assessment
concerning possible dialysis access options . . . Note that
this recommendation is about when to consider referral to
the surgeon for evaluation, and does not contemplate when
vascular surgery is to be scheduled.”

The Renal Association United Kingdom “Vascular access planning should commence at some point
after an individual reaches CKD stage 4 . . . exact timing of
placement of vascular access will be determined by rate of
decline of renal function, co-morbidities and by the surgical
pathway”

National Health and
Medical Research Council

Australia “No recommendations possible based on Level I or II
evidence.” Suggestions for clinical care (suggestions are on
the basis of levels 3 and 4 evidence): all patients, especially
those with comorbid conditions, should be referred to a
vascular access surgeon well in advance of the anticipated
need for hemodialysis. The exact timing depends on
patient-related factors and local facilities

Japanese Society for Dialysis
Therapy

Japan “VA construction should be considered when eGFR is less
than 15 ml/min/1.73 m2 (CKD stages 4 and 5) as well as
taking into account clinical conditions. In patients with
diabetic nephropathy, who have a tendency to show
overhydration, VA construction should be considered at a
higher eGFR . . .Anticipating the start of hemodialysis from
the results of various laboratory tests and clinical
symptoms, ideally the AVF should be constructed at least 2
to 4weeks before the initial puncture. In the case of anAVG,
the time from construction to initial puncture should be 3 to
4 weeks.”

HD, hemodialysis; AVF, arteriovenous fistula; CSN, Canadian Society of Nephrology; VA, vascular access; AVG, arteriovenous graft.
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elderly, brachiocephalic AVFs were found to have superior
patency at 12 months (72.7% versus 65.1%, respectively)
(21). Others have also shown increased primary functional
patency of brachiocephalic AVFs at 1 year (22). Recent
national position statements and other commentary may
provide further guidance with respect to tailoring vascular
access according to specialized circumstances pertaining to
the elderly, including palliative care (15,23–25).
Race/Ethnicity. There is a paucity of consistent data on

the association of race/ethnicity with AV access outcomes.
Black patients on HD have been found to be at increased
risk for vascular access complications requiring interven-
tion, regardless of the type of access (26). Similarly, non-
black race has been shown to reduce the risk of failure of
AVF maturation, with an odds ratio of 0.43 (27). At the
same time, other authors have shown that AVF maturation
and patency rates in blacks are comparable with those in
other populations (28). Race and ethnicity may play a role
in access to care, making it difficult to truly evaluate AV
access outcomes (29,30). The limited and conflicting avail-
able evidence makes it difficult to critically consider race/
ethnicity when determining ideal AV access.

Comorbidities
Diabetes. There is significant controversy as to whether

diabetes mellitus itself is associated with AVF maturation
and patency. No studies have reported on the relationship
between the degree of diabetes control and/or its duration
(and associated effect on vessels) and AVF outcomes. Studies
have shown prolonged maturation times in patients with
diabetes (31) and decreased primary and secondary patency
(32). However, other studies have also shown no association
between diabetes and time to maturation (33), risk of non-
maturation (34,35), or patency (36). Even in a well validated
prediction model (37), no association between diabetes and
risk of nonmaturation was found (27). Given the disparate
outcomes, it is likely that the relationship between diabetes
and AVF outcomes is complex and may be related to a va-
riety of diabetes–associated pathologic factors, such as the
presence of arterial calcification, atherosclerosis, and vessel
damage. Additionally, given that diabetes is the primary
etiology of ESRD in North America and worldwide, using
the diagnosis of diabetes to determine optimal AV access
type would be limiting.
Coronary Artery Disease and Heart Failure. For an AV

access, whether AVF or AV graft, to be sustained, it must
have adequate inflow and outflow. The presence of
coronary artery disease (CAD) represents a surrogate for
two issues that may affect the inflow of an AV access.
Atherosclerosis is a systemic disease that affects all arteries,
including vascular access inflow arteries. Patients with severe
CAD may also have compromised cardiac output. This may
be reflected by poor BPs. Low diastolic BP has been shown to
significantly decrease AVF patency (38). For example, an AV
access can thrombose easily when a patient’s BP suddenly
drops on HD (38,39). The patency of AVFs and AV grafts is
likely to be negatively affected by a low cardiac ejection
fraction regardless of whether it is associated with CAD.
However, maturation, which is only required for AVF, is
also negatively affected by CAD (27).
Peripheral Vessel Disease. Similarly, peripheral vessel

disease has been shown to be associated with failure to

mature (27) and decreased patency in both AVF and AV
grafts (40). When atherosclerosis affects the peripheral ar-
teries to the extent that the ankle-brachial index is de-
creased, it is highly likely that atherosclerosis is also
affecting the inflow arteries used for vascular access. Pe-
ripheral veins damaged by venipuncture, peripherally in-
serted central catheters lines, or other trauma are
particularly associated with poor AVF outcomes. Central
veins damaged by CVCs, pacemakers, or other interven-
tions may prohibit both AVF and AV graft creation.
Obesity. Obesity, defined as a body mass index $30, is

often accompanied by increased depth of the superficial
veins, making AVF creation challenging and access of the
AVF for HD difficult, even if it has matured in terms of
diameter and flow (41). For this reason, AV grafts are some-
times preferred over AVF in obese patients because of the
ease with which AV grafts can be placed superficially. Many
techniques have been described to decrease the distance
between a vein and the skin. The most common technique
is surgical elevation of the AVF (42), but other techniques
include open lipectomy and liposuction (43,44).
Obesity alone should not rule a patient out for AVF cre-

ation. In a study of 1486 patients, 340 of whom were obese,
only the morbidly obese (body mass index $35) had an
increased risk of AVF failure to mature (45); there was no
association between obesity and AVF patency. However,
the increased surgical complexity of an AVF in the obese
patient and whether the patient can tolerate the more ex-
tensive operation, the potential longer healing time, and the
challenging cannulation should be considered.
Frailty and Functional Status. Unlike the prior specific

conditions discussed, frailty and functional status repre-
sent the cumulative interactions of chronologic age and
disease processes affecting a patient with CKD. The
components of frailty encompass functional status (46) and
include weight loss, poor endurance, low energy, and weak-
ness, and may manifest as slow walking speed and low
physical activity (47). Up to 75% of patients on dialysis
ages $60 years old meet the criteria for frailty (48). Frailty
increases the risk of mortality with a hazard ratio of
2.24 (48). In patients with poor functional status and/or
frailty, consideration should be given to whether their life
expectancy is such that it will allow for AVF maturation and
the patient to enjoy the benefits of having an AVF versus an
AV graft (above). Having a catheter with a maturing AVF
has been reported to be associated with a greater risk of
mortality than AV graft alone in patients with limited func-
tional status (49).
Patient Choice. Many times, clinicians are not diligent in

taking into account patient preference for vascular access
type; however, patient preference should warrant signifi-
cant consideration in the decisions to create AV access and
to use a specific type. Depending on whether the patients
are predialysis or on dialysis, they would have had
differing exposures and experiences with AV access—
either their own or shared by other patients in waiting
rooms or on dialysis. As clinicians, we are concerned about
the AV access type and their associated complications;
however, patients may have far differing concerns
(50,51). Patients are much more worried about daily
quality of life issues with their vascular access, such as
pain with cannulation, and influenced by their prior
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experiences with a failed AV access that required painful
interventions. Fistulas may require two to three interven-
tions until they are suitable/mature enough for dialysis.
However, AV grafts are more likely to be suitable for HD
earlier than AVFs but often require multiple procedures to
maintain functional patency (52).
Often, the decision regarding AV access type depends

on the patient’s prior experience, how frail they are, their
desired quality of life, and life goals. A recent Dialysis
Outcomes and Practice Patterns Study (DOPPS) survey of
1400 United States patients on dialysis asked about their
preference for an AVF/AV graft versus a CVC (53). Overall,
only 24% of patients had no preference; 12% preferred a
CVC (nonblack women had the highest CVC preference at
17%). The most common reasons for preferring a CVC were
no puncture and no bleeding, avoidance of disfigurement,
and better cosmesis (51,54). The DOPPS survey revealed that
up to 20% of patients received little or no vascular access–
related education, suggesting that they did not fully under-
stand the risks and benefits of various vascular access
types. These data emphasize the need for better education
and counseling from clinicians. However, although some
patients’ vascular access concerns may be associated with
deficiencies in patient education (55), others are not easily
managed by education alone, especially quality of life and
aesthetic concerns (51). Under valid circumstances, strong
patient preference for a specific access type should be re-
spected, especially when the competent patient has been
properly informed and consented as to their vascular ac-
cess choice, including dialyzing through a CVC and re-
fusing AVF or AV graft creation.

Anatomic Access Circuit–Related Factors
The complete AV access circuit begins with the heart and

includes the complete feeding artery from its central origin,
the AV access, and the complete venous drainage up to the
superior vena cava-right atrial junction.

Vein Size/Quality
Vein size is nonlinearly correlated with AVF maturation

and patency (35,56). Results from the prospective multi–
institution Hemodialysis Fistula Maturation Study show
that a draining vein diameter of 2–3 mm is associated
with increased risk of early thrombosis (defined as throm-
bosis within 18 days of AVF creation) (57). Upper arm
AVFs have larger vein diameters than forearm AVFs and
are at lower risk for AVF maturation failure (58) and early
thrombosis (57), with increased long–term patency (58).
What is unclear is the diameter cutoff between success
and failure. Diameters of 1.6–4.0 mm have been used as
cutoffs (9,34,35). The varying definitions of maturation,
patency, and techniques of measuring vein diameter likely
contribute to the wide range of threshold diameters cited.
To further complicate the situation, some authors have
shown that there can be substantial overlap in the vein
diameters of those whose AVF fail and those that succeed
(7). Vein quality (e.g., distensibility) has not been studied
extensively (59–61); however, the great majority of sur-
geons would not use a vein that appears sclerotic on either
preoperative duplex ultrasound or direct examination. In
such patients, re-evaluation is required to decide on an

AV graft in the same location or an AVF with alternate
vessels.

Arterial Size/Quality
Similarly, smaller inflow artery diameter associates with

AVF failure, with brachial artery–based AVF being more
likely to mature and have superior patency compared with
radial artery–based AVF (22,57). There seems to be more
consensus on the required minimum artery diameter of
2 mm (10,34). Calcification of arterial inflow is often anecdot-
ally regarded by clinicians as a negative prognostic factor.
However, data from the Hemodialysis Fistula Maturation
Study reveal that noncompliant feeding arteries are associ-
ated with a lower incidence of early thrombosis (57). Arterial
microcalcification itself may not be associated with matura-
tion failure (62,63) if the artery is of adequate size and overall
quality to allow for surgical proximal and distal control and
suture placement.

Central Venous Stenosis
Central venous stenosis is associated with HD catheter

use. Although its true incidence is unknown (64), it is an
important consideration, because the majority of patients
on HD initiate dialysis with a CVC. The presence of central
venous stenosis/occlusion may prohibit the creation of
an AV access (65); an ipsilateral access will likely result
in upper extremity edema and/or early AV access failure
(66). Although central venous stenosis/occlusion can be
treated with stenting and/or angioplasty, the incidence
of recurrence is high. Consideration should be given to
using the patient’s contralateral arm. The problems of cen-
tral stenosis apply to both AVF and AV grafts and there-
fore, may not affect decision making.

Surgical Skills and Training
Although it is intuitive that successful AV access

outcomes are linked with surgical experience and tech-
nique, studies to date are limited and conflicting, neces-
sitating more study to evaluate this association. For
example, one study from the DOPPS showed that the
risk of primary AVF failure was 34% lower if the surgeon
created $25 fistulas during training (67). Another study of
radiocephalic AVFs performed in the United Kingdom
found that AVFs constructed by more experienced sur-
geons had higher primary success rates and higher primary
and secondary patencies (68). In contrast, a prospective
study found no difference in outcomes of primary AVFs
created by qualified surgeons versus surgical trainees (69).
This is supported by the recent Hemodialysis Fistula Mat-
uration Study that found no association between subspe-
cialty training of the attending surgeon and early
thrombosis or whether the attending surgeon or the trainee
performed the anastomosis (57). However, as with trainees,
surgeons with limited exposure to more complex vascular
access operations (e.g., requiring superficialization, exten-
sive dissection, or revision) should likely refer to and/or
obtain guidance from experienced surgeons proven suc-
cessful with such complex patients.
Aside from technical experience, the advantage of sur-

geons with broad and deep vascular access experience is
their ability to plan beyond the immediate access. Although
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it is unclear if training affects the immediate success of a
single AV access, it is the ability of the surgeon to plan ahead
to the subsequent vascular accesses along the life plan of
the patient with ESRD that is critical. This foresight comes
with experience, not training. The decision-making process
for each AV access creation should consider “fistula first if
possible, but if not possible and/or when the AV access fails,
what is the backup plan and the next access?” instead of
simply “which surgeon can provide fistula first.” The expe-
rienced vascular access surgeon has a plausible exit strategy
for each AV access contemplated and created.

Process Factors
Timing
Table 1 lists different national recommendations on the

timing of vascular access creation. However, the likelihood
and timeframe of starting dialysis can be very difficult to
predict, especially because GFR decline is nonlinear and
varies with age and underlying conditions. Also, despite
careful CKD care follow-up, patients encounter intercur-
rent events that lead to dialysis initiation. This is evi-
denced by the approximately 20%–40% of patients who
initiate dialysis urgently (12,70) and are unlikely to have
an established and useable vascular access. On the con-
trary, some patients do not progress to start dialysis.
In a study by Oliver et al. (71) of 1929 patients who were
predialysis and had AVF creation, 10.6% did not start di-
alysis 2 years later. At 6 months post-AVF creation, only
48.8% of patients required dialysis. A larger, retrospective
US Renal Data System (USRDS) –based study of 17, 511
elderly patients by Hod et al. (72) found that placing an
AVF .6–9 months before HD initiation may not associate
with better AVF outcomes; however, this depends on
knowing when a patient will start dialysis. When seeing
a patient in the clinic, clinicians do not have the advantage
of hindsight afforded to retrospective studies. In the study
by Hod et al. (72) and other studies, increased interven-
tions were required to maintain AVF patency before HD
start. The need for such interventions must be balanced by
the fact that some patients do not start dialysis at all be-
cause of competing events, such as transplantation, modal-
ity switch to PD, or death. The ratio of unnecessary to
necessary procedures 2 years after AVF creation is modi-
fied by age and estimated to be 5:1 for patients ages 85–100
years old but only 0.5:1 for those ages 18–44 years old (73).
Until we can better determine and balance the timing of

vascular access creation in the mix of competing risks of
harms (e.g., unnecessary interventions), death, and dialysis
start, perhaps simply establishing an ESRD life plan that in-
cludes AV access assessment and planning will help, even
with urgent starts. Seeing a surgeon for AV access assessment
only may help achieve the appropriate access. If the patient is
not eligible for an AVF, an AV graft can be placed within 72
hours of dialysis initiation depending on the AV graft mate-
rial. If an AVF is possible, closer follow-up may be required
to better determine the rate of GFR decline to be able to
estimate the 6–9 months when dialysis is anticipated. The
risk of AVF failure may be estimated (27,52) to plan and
coordinate the creation and potential necessary interventions
required within that time, so that the AVF will be mature and
suitable for cannulation when needed (below).

Infrastructure
Process of care issues have been identified as barriers to

improving AVF rates and outcomes (74–76). A multidisci-
plinary approach involving surgeons, nephrologists, inter-
ventional radiologists, dialysis nurses, vascular access
coordinators, and ultrasound technicians has been shown
to result in greater numbers of functioning AVFs without
increasing catheters (75) and higher primary and second-
ary AV access patency (76). After AVF creation, a com-
prehensive follow-up program can result in a high rate
of AVF salvage and maturation (77). After AV graft
creation, a multidisciplinary monitoring and surveillance
program may reduce complications and improve outcomes.
Use of a prospective database to capture clinical activity and
vascular access outcomes (below) and engagement in con-
tinuous quality improvement will allow teams to analyze
practices and help inform AV access decision making.

Vascular Access Outcomes
Vascular access outcomes include access patency (pri-

mary, functional, and cumulative patency), interventions
required to attain and maintain patency, type–specific AV
access outcomes, and their associated costs. These, in turn,
are influenced by the factors discussed above. Although
these outcomes are key considerations in choosing the op-
timal vascular access for an individual patient, these dis-
cussions are beyond the scope of this review. However, it
is important to emphasize the need to continually study
and re-evaluate these key outcomes. For example, al-
though past and current data do suggest superior out-
comes of AVFs versus AV grafts, recent data also show
equivalent or superior primary and cumulative patency
of AV grafts (78,79). Complications may also change
over time with improved management. For example, AV
grafts have traditionally been associated with increased
risk of infection. However, in a recent large USRDS–based
study with prospective monthly collection of infection
data of 177,875 patients on prevalent HD and 11,290 pa-
tients on incident HD, the vascular access infection rates
were identical in patients with AVFs and AV grafts (80),
highlighting the need to continually re-evaluate the data
on vascular access outcomes for clinicians to make the best
decisions in choosing the optimal vascular access.

Conclusion
Choosing the optimal AV access for a patient is complex

and requires consideration of individual patient–related
factors, anatomic access circuit–related characteristics, sur-
gical features, and process and timing variables. However,
central to these considerations for a single optimal AV
access are how and where this optimal vascular access
fits in the patient’s overall ESRD life plan. Each dialysis
access along the patient’s ESRD life plan should be an
optimal access—placed at the right time under the right
circumstances in the right patient for the right reasons. To
do so is challenging and requires a coordinated multidis-
ciplinary team approach that educates the patient, con-
siders patient preference, tracks and evaluates their own
outcomes, and makes modifications on the basis of re-
evaluation and new evidence.
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