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Abstract

There are substantial variations in arteriovenous fistula (AVF) use among hemodialysis patients in 

different countries, in different regions of the U.S., and even in different hemodialysis units within 

a single metropolitan area. These variations persist after adjustment for patient demographics and 

co-morbidities, suggesting that practice patterns play a major role in determining the frequency of 

AVF use. These observations led to vascular access guidelines urging nephrologists and surgeons 

to increase AVF creation in patients with chronic kidney disease. Over the past twenty years, as 

clinicians have adopted these guidelines, the prevalence of AVF use in hemodialysis patients has 

increased substantially. At the same time, clinicians have recognized important limitations of an 

unwavering “Fistula First” approach. First, a substantial proportion of AVFs fail to mature even 

when routine preoperative vascular mapping is used, leading to prolonged catheter dependence. 

Second, certain patient subgroups are at high risk for AVF non-maturation. Third, non-maturing 

AVFs frequently require interventions to promote their maturation. Fourth, AVFs that require such 

interventions have shortened cumulative patency. Fifth, arteriovenous grafts (AVG) have several 

advantages over AVFs, including lower primary failure rates, fewer interventions prior to 

successful cannulation, and shorter duration of catheter dependence with its associated risk of 

bacteremia. All these observations have led nephrologists to propose an individualized approach to 

vascular access, with AVG being preferred in patients who initiate hemodialysis with a catheter, 

particularly if they are at high risk for AVF non-maturation and have a relatively short life 

expectancy.

What considerations led to promotion of the current “Fistula First” initiative? Several key 

publications in the late 1990s and early 2000s highlighted substantial variations in AVF use, 

and suggested that practice patterns were a major determinant of the differences in the 

frequency of AVF use. A seminal study by Hirth et al analyzed a large national random 

sample of 4,150 incident U.S hemodialysis patients in the late 1980s, and evaluated factors 

associated with the type of vascular access in place 30 days after initiation of hemodialysis1. 

Overall, 56% of the patients had an arteriovenous graft (AVG) and 44% had an arteriovenous 

fistula (AVF). In a multivariate logistic regression model, female sex, older age, peripheral 

vascular disease, ESRD due to diabetes, poverty, and lower educational level were each 

associated with a lower likelihood of AVF use. However, the patient's geographic region was 

by far the strongest predictor of AVF use. The proportion of incident hemodialysis patients 
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in 1990 with an AVF use ranged from a low of 15% in the East South Central region of the 

U.S. to a high of 77% in New England. As compared to the national sample, the adjusted 

odds ratio for having an AVF ranged from 0.37 in the East South Central region to 5.0 in 

New England. Finally, the proportion of U.S. patients with an AVF in the national sample 

actually decreased from 49% in 1986-87 to 35% in 1990.

A subsequent study evaluated factors associated with AVF use in a cohort of 1824 prevalent 

U.S. hemodialysis patients enrolled in the HEMO Study between 1995 and 19992. Overall, 

34% of the patients used an AVF. Using multiple regression analysis, the investigators found 

a lower likelihood of AVF use associated with female sex, older age, black race, peripheral 

vascular disease, and obesity. However, even after adjustment for demographic and clinical 

factors, differences in the prevalence of AVF among dialysis units persisted. Remarkably, 

there were substantial differences in AVF use even between hemodialysis units at a single 

metropolitan area. Thus, for example, the frequencies of AVF use at five individual 

hemodialysis units at one metropolitan region were 29, 44, 50, 59, and 77%, respectively.

Finally, the Dialysis Outcomes and Practice Patterns Study (DOPPS) compared vascular 

access utilization in a random sample of 6,479 hemodialysis patients in the U.S. and in 

several European countries (France, Germany, Italy, Spain, and the United Kingdom) 

between 1996 and 20003. In agreement with the two previous studies, DOPPS reported that 

in a multivariate logistic regression model, a lower frequency of AVF use was associated 

with female sex, older age, peripheral vascular disease, diabetes, coronary artery disease, 

and obesity. However, the most powerful predictor of AVF use was the country in which the 

patient was dialyzing. Among the prevalent hemodialysis population, AVFs were used by 

80% of patients in Europe, as compared to 24% of U.S patients. Among the incident 

hemodialysis population, AVFs were used in 66% of European patients, as compared to 15% 

of American patients. In addition, AVF use in prevalent patients varied markedly among 

individual dialysis facilities, ranging from 0 to 87% in the U.S. and from 39 to 100% in 

Europe. These large differences could not be explained by differences in patient 

demographics or co-morbidities.

In an attempt to explore the differences in vascular access use among countries, a subsequent 

DOPPS analysis explored vascular access processes of care in the U.S., Europe, and Japan4. 

The proportion of patients with pre-dialysis nephrology care was similar among the 

countries studied. In contrast, there were substantial differences between countries in the 

usual time from referral for vascular access surgery to AVF creation. Additionally, the time 

from AVF creation to first cannulation varied greatly among countries, with the median time 

being 25 days in Japan, 27 days in Italy, 41 days in Germany, and 98 days in the U.S. 

Importantly, the adjusted risk of AVF failure was similar for patients whose AVF was 

cannulated at 2-4 weeks, 4-6 weeks, 6-12 weeks, and >12 weeks after its creation.

Collectively, these studies highlighted two important points. First, several demographic and 

clinical patient characteristics affected the likelihood of AVF use. Second, independently of 

these patient characteristics, practice patterns were a key determinant of the frequency of 

AVF use in a given hemodialysis unit. Regardless of the patient characteristics in a given 

practice, global improvements in practice patterns should lead to an increase in AVF use 
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across the board. At the same time, even when optimal practice patterns are implemented to 

improve vascular access outcomes, individual patient characteristics will still influence the 

likelihood of achieving AVF use. Recognition of the importance of practice patterns in 

maximizing AVF use led to national consensus vascular access guidelines promoting AVFs.

The original Dialysis Outcomes Quality Initiative (DOQI) vascular access guidelines issued 

in 1997 encouraged nephrologists to make concerted efforts to increase AVF use in their HD 

patients, and set a target of 40% AVF use in the prevalent hemodialysis population5. A 

conscious decision was made by the guideline authors to avoid setting a target for AVF non-

maturation, so as not to discourage surgeons from attempting AVF creation. Of note, 

however, the few relevant publications from the 1980s had reported a relatively low (∼10%) 

primary AVF failure rate, suggesting that AVF non-maturation might be a relatively minor 

obstacle to increasing AVF use6-9.

The Centers for Medicare and Medicaid Services (CMS), in partnership with the dialysis 

networks, sponsored the Fistula First Initiative in 2002 to help clinicians increase AVF 

utilization. The dialysis networks were charged with collecting information about AVF use 

at individual HD units, and providing regular feedback to nephrologists and dialysis units 

about how their AVF prevalence compared to that of other units in the network. 

Nephrologists and surgeons adopted these guidelines enthusiastically, and the initial goal of 

40% AVF use among prevalent U.S. hemodialysis patients was achieved within a few years. 

Subsequently, CMS raised the bar, increasing the goal to 66% AVF utilization among the 

prevalent population by June 2009. By April 2010, 55.5% of U.S. prevalent hemodialysis 

patients were using an AVF, and 36% of facilities were achieving the threshold of 66% 

AVFs10. However, the proportion of dialysis facilities achieving this goal varied 

substantially, from a low of 22% in Dialysis Network 5 to a high of 79% in Network 16.

As clinicians gained experience with optimizing these vascular access practice patterns, 

several publications began to highlight unanticipated problems and challenges11. First, 

implementing an increase in AVF placement required close collaboration with the surgeons. 

It quickly became evident that routine preoperative vascular mapping was necessary, with 

detailed information about vascular diameters, stenosis, and thrombosis provided to the 

surgeons to assist them in planning the optimal vascular access for each patient12-14. 

However, even though routine preoperative vascular mapping helped surgeons select the 

optimal type and location of access, it often did not substantially reduce the likelihood of 

AVF non-maturation15.

Second, numerous publications highlighted the substantial rate of AVF non-maturation, that 

far exceeded the low rates (∼10%) reported in the 1980s6-9. A comprehensive review of 

studies reported between 1996 and 2002 documented a range of AVF non-maturation 

between 20 and 50%15. Subsequently, the NIH-sponsored Dialysis Access Consortium 

(DAC) Fistula Trial of nearly 900 patients undergoing creation of a new AVF observed a 

60% non-maturation rate16. The high rate of AVF non-maturation was particularly striking 

among some high-risk patient groups. In particular, AVF non-maturation was more common 

in older patients, females, blacks, and those with peripheral vascular disease17-21. Despite 

purportedly guiding the surgeons in optimal vascular access planning, the use of 
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preoperative vascular mapping did not abolish the differences in AVF non-maturation among 

patient subgroups20. In particular, there was tremendous overlap in the preoperative arterial 

and venous diameters between successful AVFs and those that failed to mature22.

Third, postoperative imaging studies of immature AVFs frequently identified one or more 

anatomic problems (juxta-anastomotic stenosis, large accessory veins or excessive depth) 

that required interventions to promote AVF maturation23-26. As a consequence, a substantial 

proportion of new AVFs required surgical or percutaneous interventions (angioplasty, 

stenosis revision, ligation of accessory veins or transposition) before they could be used for 

dialysis2327-29. Not surprisingly, the frequent need for subsequent interventions to salvage 

immature AVFs or to place a second access when the first AVF failed to mature delayed the 

time to first successful AVF cannulation and prolonged the duration of catheter dependence.

Fourth, as compared to AVFs that matured without an intervention, those that required an 

intervention to achieve maturation had a shortened cumulative access survival and required 

more frequent interventions after maturation to maintain their long-term patency for 

dialysis30. In fact, a recent large, single-center observational study reported that AVFs 

requiring an intervention to achieve maturation actually had a shorter cumulative patency 

than AVGs that were cannulated successfully without prior intervention (Figure 1)28.

As a consequence of recognizing the unanticipated consequences of an unwavering “Fistula 

First” strategy, many nephrologists began to question the rationale for an indiscriminate 

preference of AVFs over AVGs. The KDOQI guidelines state categorically that AVFs have 

superior long-term patency for dialysis, as compared to AVGs31. Is this an accurate 

statement? Most studies reporting on the superiority of AVF over AVG have utilized an “as 

treated” analysis, focusing on access survival only from the time of successful use of the 

vascular access for hemodialysis. Unfortunately, this type of analysis is misleading, as it 

excludes vascular accesses that fail prior to successful use for hemodialysis (primary access 

failure), an event that occurs much more commonly with AVFs than with AVGs.

In three large head-to-head single-center observational studies, the primary failure rate of 

AVFs (32-40%) was considerably higher than that obtained with AVGs (12-19%)(Table 

1)223233. When primary failures were excluded, AVFs clearly had longer cumulative survival 

than did AVGs. In contrast, the comparisons looked quite different when the access 

outcomes were determined from the time of surgery in an “intent to treat” analysis. The four 

largest observational studies comparing outcomes of AVFs and AVGs observed virtually 

identical cumulative survivals of AVFs and AVGs when primary access failures were 

included (Table 1) 22343534. These analyses included all comers. It is quite possible, 

however, that the cumulative survival of AVFs may actually be superior to that of AVGs in 

patients at low risk for AVF non-maturation, but inferior to that of AVGs in patients at high 

risk for AVF non-maturation.

Of course, cumulative access survival is not the only clinically relevant vascular access 

outcome. Other important outcomes include: (1) the number of interventions required prior 

to successful use of the access for dialysis; (2) the duration of CVC dependence before the 

access can successfully be used for dialysis; (3) the frequency of CRB during the period of 
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catheter-dependence; and (4) the frequency of access interventions (angioplasty, 

thrombectomy or surgical revision) required to maintain the long-term access patency after 

successful use (Table 2). A comprehensive comparison of AVFs and AVGs should consider 

all of these outcomes.

A retrospective study compared multiple clinical outcomes of upper arm AVFs and AVGs in 

patients with a prior history of a failed forearm AVF35. AVGs were superior to AVFs in that 

they had a significantly lower rate of primary access failure, required fewer interventions 

prior to successful use for dialysis, were associated with a shorter duration of catheter 

dependence, and were associated with fewer CRBs prior to successful access use. However, 

once an access was successfully used for dialysis, AVFs were superior to AVGs in that they 

had greater cumulative access patency for dialysis, and required substantially fewer 

interventions to maintain this patency. This analysis suggests that the relative advantages of 

AVFs vs AVGs should be considered as tradeoffs, with the weight of evidence supporting 

placement of an AVF in some patients and an AVG in others.

Collectively, these observations led some nephrologists to question the wisdom of a “one-

size-fits-all” approach to vascular access 2135-38. Rather than attempting to maximize AVF 

placement and accept a relatively high AVF non-maturation rate, they proposed a “catheter 

last” philosophy. According to these proposals, the decision about type of vascular access in 

a given patient would be predicated on four factors: (1) whether the patient had already 

initiated dialysis, (2) the expected patient survival, (3) the likelihood of AVF non-

maturation, and (4) whether the patient had a previous non-maturing AVF (Figure 2) 37. 

Younger patients with a relatively high life expectancy and low likelihood of AVF non-

maturation would receive an AVF, particularly if they had not yet initiated dialysis. In 

contrast, elderly patients who were already on dialysis, with relatively short life expectancy 

and high likelihood of AVF maturation, would receive an AVG, particularly if they had had a 

previous non-maturing AVF. Such an approach would likely result in fewer patients 

dialyzing with an AVF, but also fewer catheter-dependent patients. AVG would be 

considered a catheter-sparing procedure 39. A patient-centered approach to vascular access 

should weigh the relative likelihood of each of these outcomes, and determine what type of 

access is right for that patient. Ideally, a thorough analysis should consider several key 

factors:

1. Has the patient started hemodialysis? At present, 81% of U.S. patients initiate 

hemodialysis with a central vein catheter (CVC).40 Once dialysis has been 

started, concerted efforts are made to transition these patients to a permanent 

vascular access, arteriovenous fistula (AVF) or arteriovenous graft (AVG). The 

patients remain catheter dependent until a new AVF or AVG is ready to be used. 

The duration of CVC dependence is increased if an AVF fails to mature or if it 

requires an intervention to promote AVF maturation.

In a large observational study, catheter duration from AVF creation to initial AVF 

use was 99 days if the AVF matured without an intervention, as compared to 159 

days if the AVF required an intervention prior to maturation28. In other words, 

the need for an intervention to promote AVF maturation prolonged catheter 

dependence by an additional two months. In contrast, the duration of catheter 
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dependence was only 38 days in patients with an AVG that was used without a 

prior intervention and 79 days in those with an AVG that required a prior 

intervention. In the DOPPS Study, only 2% of new AVFs placed in the U.S. were 

cannulated within one month, as compared to 78% of AVGs41.

Under the best of circumstances, a new AVF matures without requiring any 

interventions, and is suitable for use within 2 to 4 months. However, in many 

cases, the new AVF requires one or more interventions to achieve maturation, or 

if it fails, a second AVF has to be placed and mature. In contrast, primary AVG 

failure is much lower (10 to 20%) even in the present era (Table 1), and AVGs 

are frequently ready to use in less than one month, thereby requiring a shorter 

duration of CVC-dependence. As a consequence of these differences, many 

patients who initiate hemodialysis with a CVC and receive an AVF remain CVC-

dependent for six months or longer. At our medical center, among patients who 

were CVC-dependent, the median time from AVF surgery to AVF use was 206 

days.42 In contrast, in CVC-dependent patients who received an AVG, the 

median duration of CVC-dependence was 48 days.39

What are the consequences of the prolonged CVC dependence? Unlike AVF and 

AVG, CVC use often results in bacteremia, with a frequency of 1 to 2 episodes 

per catheter-year.43-48 The risk of catheter-related bacteremia (CRB) is 

proportionate to the duration of catheter dependence. A recent, large 

observational study of 472 patients initiating HD with a CVC observed CRB in 

35% of patients at 3 months, 54% at 6 months, and 79% at 1 year.49 CRB is a 

major source of morbidity and hospitalization in HD patients. It results in serious 

complications (e.g., endocarditis, septic arthritis, epidural abscess, septic shock, 

or death) in approximately 10% of patients. 50-53 CVCs also frequently cause 

central vein stenosis,5455 and in patients developing this complication, they can 

adversely affect the longevity of subsequent AVF and AVG.56

2. What is the likelihood of AVF non-maturation? As discussed previously, several 

demographic and clinical factors can be used to predict the likelihood of AVF 

non-maturation. The most comprehensive study in this regard developed an FTM 

(failure to mature) score using a derivation cohort of 422 patients undergoing a 

new AVF creation17. The predictive value of this score was prospectively 

validated in a second cohort of 445 patients undergoing AVF creation at five 

other North American dialysis centers. The FTM score, which could range from 

0 to 10.5, was calculated from patient age, race, peripheral vascular disease and 

coronary artery disease. There was a highly significant correlation in the 

validation cohort between AVF non-maturation rate and the FTM score (24, 34, 

50, and 69% in patients with an FTM score of <2, 2-3, 3.1-7.9, and >8, 

respectively). While the FTM score should certainly not be used as the sole 

criterion to determine whether a patient should receive an AVF or an AVG, it is 

one of several factors that should be considered.

3. What is the patient's life expectancy? As mentioned previously, the cumulative 

survival of AVFs and AVGs is similar in an intent-to-treat analysis that includes 
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primary access failures (Table 1). However, due to the higher primary failure rate 

of AVF, the cumulative survival of AVGs is actually superior to that of AVGs 

during the first 18 months of follow-up. As a consequence, AVG placement may 

actually be preferred in hemodialysis patients with a life expectancy less than 

two years. This is particularly relevant to older patients, those with high co-

morbidity burden, those with a high frailty index, or those who reside in a 

nursing home.

4. What was the outcome of the previous AVF? It is likely that vascular properties 

that lead to non-maturation of an initial AVF may likewise adversely affect the 

outcome of a subsequent AVF. Thus, if the patient's initial AVF failed to mature, 

serious consideration should be given to place an AVG next, rather than a second 

AVF.

The specific considerations listed above suggest that an AVG is a better choice for many 

older patients who initiate hemodialysis with a CVC. First, early AVF failure is much more 

likely in older patients. For example, a single-center study reported that the one-year 

cumulative AVF survival was much lower in patients ≥ 70 years of age than in younger 

patients (39% vs. 68%).21 Second, older patients have a high frequency of co-morbidities 

(coronary artery disease, peripheral vascular disease) that independently increase the 

likelihood of AVF non-maturation. Finally, patient survival is significantly shorter in older 

hemodialysis patients. The 18-month hemodialysis patient survival at one center was 50% 

for those ≥70 years of age, as compared to 75% in younger patients.21

Thus, not only is a new AVF less likely to be successfully used for hemodialysis in older 

patients, even when it matures, the patient is unlikely to live long enough to reap the rewards 

of prolonged AVF survival. In one study, only 35% of elderly (age ≥70 years) HD patients 

who died had had their AVF used prior to their death.21 All of these considerations have 

prompted some nephrologists to question the wisdom of indiscriminate placement of AVF in 

older hemodialysis patients who initiate hemodialysis with a CVC.2136375758

Obesity may be another important factor that favors placement of an AVG over an AVF. 

Obesity is common in hemodialysis patients, and in one center 30% of the patients were 

obese 59. Obesity represents a challenge to the success of an AVF. In a large, multi-center 

cross-sectional analysis, a higher BMI was associated with a lower likelihood of AVF use 

(adjusted odds ratio 0.76, 95% CI 0.65-0.87 per 5 kg/m2)2. In obese patients the vein is 

frequently too deep to be cannulated safely. As a consequence, the patients typically require 

a second transposition procedure to bring the AVF under the skin. An analysis from UAB 

showed that obese patients had a similar AVF non-maturation rate as that observed in non-

obese patients. However, cumulative AVF survival was shorter in this population 59. When 

an AVF is created in an obese patient, it frequently requires a subsequent transposition 

procedure to make it accessible for cannulation by the dialysis staff26. A recent analysis 

from our center found that, as compared to AVFs that were cannulated without a prior 

intervention, those that required a transposition surgery had a shorter cumulative AVF 

patency and required more frequent interventions to maintain long-term patency for dialysis 

after successful cannulation28. Placement of an AVG rather than an AVF in this population 
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permits a single surgical procedure, faster access cannulation, and shorter catheter-

dependence.

Some investigators have also evaluated the impact of access type on hemodialysis patient 

survival. Studies comparing the adjusted survival of incident hemodialysis patients have 

consistently observed inferior survival of patients initiating hemodialysis with a CVC, as 

compared to those initiating hemodialysis with an AVF or AVG. 60-65 The relative survival 

of patients initiating hemodialysis with an AVF vs an AVG was inconsistent, with some 

studies demonstrating no difference in patient survival, and others demonstrating modestly 

lower survival rates in patients initiating hemodialysis with AVG. An important limitation of 

these studies is that they focused on patients whose access was created and matured prior to 

initiating hemodialysis, in other words, those who were not CVC-dependent.

The situation may be quite different in those patients who initiate hemodialysis with a CVC, 

and subsequently receive an AVF or AVG. In the latter situation, the patients have prolonged 

CVC-dependence until their new AVF or AVG is suitable for dialysis. Two observational 

studies assessed the impact of converting catheter-dependent hemodialysis patients to an 

AVF or AVG. In both studies, patients who transitioned from a CVC to a permanent vascular 

access (AVF or AVG) had lower mortality than those who continued to use a CVC for 

dialysis6062. To the extent that AVFs have a higher primary failure rate and take longer to 

mature (Table 1), patients undergoing AVF surgery after initiation of hemodialysis have 

longer CVC dependence than those receiving an AVG. In this regard, analysis of a large 

national database observed that the likelihood of independence from CVC 90 days after 

hemodialysis initiation was much higher in patients receiving an AVG vs. AVF (54 vs. 

21%).66 Similarly, a recent analysis of USRDS data demonstrated a shorter mean duration of 

catheter dependence among incident hemodialysis patients who initiated dialysis with a 

CVC, and subsequently received an AVG rather than an AVF (70 vs 155 days, p<0.001)67.

The longer duration of CVC-dependence in patients receiving an AVF may translate into 

more episodes of CRB, and more cases of central vein stenosis, which in turn lead to 

shortened vascular access survival and increased patient mortality. Moreover, a recent 

analysis reported a similar patient survival in incident CVC-dependent incident hemodialysis 

patients who subsequently received an AVF or an AVG68.

The preceding discussion has focused largely on the tradeoffs between AVFs and AVGs in 

patients who initiate hemodialysis with a CVC, in other words those without pre-dialysis 

vascular access surgery. One might assume that when the vascular access is placed in 

patients with advanced CKD who have not yet initiated hemodialysis, the choice of vascular 

access might have little impact on catheter-dependence once dialysis is initiated, as there is 

ample time for the AVF to mature or to undergo the necessary interventions to promote 

maturation. However, a recent analysis of a nationally representative random sample of 

elderly CKD patients undergoing pre-dialysis vascular access surgery suggested that this 

might not be the case29. Catheter dependence at initiation of hemodialysis was significantly 

higher in patients with pre-dialysis AVF surgery, as compared to those receiving an AVG 

(46.0 vs 28.5%, p<0.0001). As expected, catheter dependence at dialysis initiation was 

inversely related to the duration of pre-dialysis nephrology follow-up in both patients with 
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pre-dialysis AVF and AVG surgery. However, regardless of the duration of pre-dialysis 

nephrology care, patients with pre-dialysis AVG surgery were consistently less likely to 

initiate dialysis with a CVC, as compared to those with AVF surgery (65.4 vs 37.5% for 

patients with <4 months of nephrology follow-up; 51.7 vs 30.7% for those with 4–12 

months of nephrology follow-up; and 41.4 vs 25.7% for those with >12 months of 

nephrology follow up) (Figure 3).

What might explain this surprising observation? It likely reflects the uncertainty in 

predicting time to initiation of dialysis in patients with advanced CKD, the greater need for 

interventions prior to successful cannulation in patients undergoing AVF creation, the 

fragmented medical care system in the U.S., and the absence of adequate insurance to pay 

for pre-dialysis vascular access surgery in a subset of patients with CKD. Most importantly, 

the complexity of processes of care to achieve a successful AVF are greater than those 

required to achieve a successful AVG, and the discrepancy is even greater among patients 

who have not yet initiated hemodialysis.

From a personal perspective, I've had an ongoing research interest in vascular access for the 

past 20 years. In the mid-1990s most hemodialysis patients at University of Alabama at 

Birmingham (UAB) received an AVG, whereas AVFs were reserved for young patients with 

low co-morbidity. CVCs were used in patients who started dialysis without a permanent 

access or in patients whose existing access failed. If a patient's AVG failed, a new AVG was 

placed. The duration of catheter-dependence was relatively short, as AVGs were typically 

cannulated within 2-3 weeks of their placement. Many of the patients received non-tunneled 

dialysis catheters due to the anticipated short duration of catheter-dependence. In February 

1997 we had approximately 350 HD patients and the distribution of vascular access in use 

was as follows; 26% AVF, 61% AVG, and 13% CVC (Table 3) 69. Among patients with 

AVFs, approximately half were created in the forearm 19. This vascular access distribution at 

UAB was comparable to that obtained at other medical centers. Thus, for example, among 

∼1800 HD patients enrolled in the HEMO Study from 15 academic medical centers across 

the country, only 33% were using an AVF2. Moreover, 66% of the AVF in the HEMO Study 

were placed in the forearm. The major vascular access issue was frequent AVG thrombosis, 

and the focus was on identifying underlying hemodynamically significant stenosis and 

scheduling preemptive angioplasty to prevent AVG thrombosis.

In response to the national guidelines on vascular access, we developed a multidisciplinary 

approach to vascular access at our medical center, incorporating close collaboration among 

nephrologists, surgeons and radiologists69. We created a position for two dedicated full-time 

vascular access coordinators, who were responsible for scheduling all vascular access 

procedures, tracking outcomes, and maintaining a prospective, computerized vascular access 

database. To assist the surgeons planning the optimal vascular access for each patient, we 

implemented a program of routine preoperative sonographic vascular mapping1314. 

Subsequently, we began to obtain routine postoperative ultrasounds to assess AVF 

maturation70. We also intervened aggressively by percutaneous or surgical approaches to 

salvage immature AVFs23. All these measures resulted in an increase in AVF use, a decrease 

in AVG use, but also an increase in catheter dependence (Table 3). Over time, we came to 

realize some of the limitations of the Fistula First approach, and urged a more nuanced 
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approach to vascular access. We argued that certain patient subsets were better served by 

getting an AVG rather than an AVF3637.

Clearly, there is a discrepancy between the current Fistula First recommendations and the 

realities that most U.S. nephrologists and surgeons are facing. There is an urgent need for a 

randomized clinical trial of AVFs vs AVGs in patients who initiate hemodialysis with a CVC 

and who are at high risk for AVF non-maturation. Until such a study is completed, it is 

imperative that we use sound clinical judgment rather than adhere blindly to vascular access 

guidelines that are not supported by the published literature.
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Figure 1. Cumulative access patency of AVFs that matured with or without prior interventions 
and AVGs that did or did not require intervention prior to successful cannulation
Access patency was shorter for AVF with prior intervention than AVF without interventions 

(P < 0.0001). Access patency was shorter for AVG with prior interventions than AVG 

without intervention (P < 0.0001). Access patency was similar for AVF and AVG without 

prior interventions (P =0.16). Cumulative access patency was worse for AVF with prior 

interventions than for AVG without prior interventions (P = 0.01). Reproduced with 

permission from28.
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Fig 2. An algorithmic guide to choosing an appropriate hemodialysis vascular access for patients
This protocol requires the nephrologist and access surgeon to consider three important 

clinical factors: timing of access surgery relative to initiation of hemodialysis, life-

expectancy of the patient, and prior failed vascular access. This information, along with the 

likelihood of AVF non-maturation, is used to determine the most appropriate vascular access 

for that patient: fistula (F) or graft (G). Reproduced with permission from37.
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Figure 3. 
The likelihood of catheter dependence at initiation of hemodialysis in elderly patients 

undergoing pre-dialysis AVF or AVG surgery, sorted by duration of pre-dialysis nephrology 

follow-up. Adapted from29.
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Table 2
Relative advantages of AVFs and AVGs

How are AVGs better than AVFs?

1 AVGs require fewer interventions prior to successful cannulation for dialysis.

2 AVGs have a lower primary access failure rate.

3 AVGs are associated with a shorter duration of catheter-dependence.

4 AVGs are associated with a lower likelihood of catheter-related bacteremia prior to successful access cannulation.

How are AVFs better than AVGs?

1 AVFs have longer cumulative patency than AVGs, if primary failures are ignored.

2 AVFs require fewer interventions than AVGs to maintain long-term patency for dialysis.

3 AVFs have fewer infections than AVGs (provided that buttonhole cannulation is avoided).
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Table 3
UAB vascular access distributions in 2 time periods

Type of vascular access 1997 (pre-KDOQI) 2015

AVF 26% 47%

AVG 61% 32%

CVC 13% 21%
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