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Summary

Background and objectives New arteriovenous fistulas (AVF) are frequently unsuitable for hemodialysis be-
cause of AVF nonmaturation. Aggressive endovascular or surgical interventions are often undertaken to
salvage nonmaturing AVFs. The effect of early interventions to promote AVF maturation on subsequent
long-term AVF outcomes is unknown.

Design, setting, participants, & measurements We evaluated 173 hemodialysis patients from two academic
centers who received a new AVE. Of these, 96 (56%) required no further intervention, 54 (31%) required
one intervention, and 23 (13%) required two or more interventions to achieve suitability for dialysis. We
calculated AVF survival and frequency of postmaturation interventions in each group.

Results Cumulative AVF survival (access cannulation to permanent failure) in patients with two or more
versus one versus zero interventions before maturation was 68% versus 78% versus 92% at 1 year, 57% versus
71% versus 85% at 2 years, and 42% versus 57% versus 75% at 3 years. Using Cox regression analysis with
interventions before maturation, age, sex, race, diabetes, peripheral vascular disease, access site, and obesity
in the model, intervention before maturation (two or more) was the only factor associated with cumulative
AVF survival. The number of interventions required to maintain patency after maturation was 3.51 = 2.20
versus 1.37 * 0.31 versus 0.76 * 0.10 per year in patients with two or more versus one versus zero interven-

tions before maturation.

Conclusions Compared with AVF that mature without interventions, AVF that require interventions have
decreased cumulative survival and require more interventions to maintain their patency for hemodialysis.
Clin ] Am Soc Nephrol 6: 575-581, 2011. doi: 10.2215/CJN.06630810

Introduction

Vascular access is truly the “lifeline” for the hemodi-
alysis patient (1-4). Approximately one billion dollars
are spent annually in the United States treating com-
plications from vascular access dysfunction (4-7). The
National Kidney Foundation Kidney Disease Quality
Initiative guidelines for vascular access (8) and the
Fistula First Breakthrough Initiative (9-11) have pro-
moted the arteriovenous fistula (AVF) as the pre-
ferred vascular access of choice because of better long-
term survival and fewer complications compared
with arteriovenous grafts and tunneled catheters, if
the AVF matures for dialysis (12,13). AVFs that fail to
mature, because of either early thrombosis or failure
to obtain suitability for dialysis use (4,14,15), are the
major obstacle to increasing the proportion of dialysis
patients with AVFs in the United States. Conse-
quently, we have seen a major effort to aggressively
treat and salvage nonfunctioning AVFs to improve
AVF maturation outcomes (16-22). Although these
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interventions are beneficial in promoting AVF mat-
uration and eventual suitability for dialysis, the
biologic changes resulting from the interventions
may have a deleterious effect on long-term AVF
outcomes (23).

To evaluate this question, we compared the long-
term outcomes of AVFs requiring interventions to
achieve maturation with those obtained in a control
group of AVFs not requiring such interventions. The
primary clinical outcomes studied were (1) cumula-
tive access survival (time from access cannulation to
failure) and (2) the frequency of interventions to
maintain access patency after first cannulation. As a
secondary analysis, we compared AVF outcomes for
endovascular versus surgical interventions in nonma-
turing AVFs.

Materials and Methods
Study Population

Prospective access databases from the University of
Cincinnati (UC) and University of Alabama at Bir-
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mingham (UAB) were queried to identify prevalent hemo-
dialysis patients requiring a new AVF placement from
2005 to 2007. All of the patients were under the care of
university nephrologists at their respective medical cen-
ters. At UC all of the vascular accesses are placed by one
dedicated vascular access surgeon, and subsequent vascu-
lar access revisions or interventions are performed by the
same vascular access surgeon or by interventional neph-
rologists at a dedicated outpatient vascular access center.
At UAB, initial vascular access and subsequent vascular
access placements are performed by a team of four trans-
plant surgeons and interventional radiologists or neph-
rologists. The AVF prevalence at UC and UAB was approx-
imately 35 and 40%, respectively, during 2007, in a largely
inner-city population (comparable with the overall renal
network prevalence for these regions at the time) (9).

Vascular Access Management

At UC, either preoperative ultrasound mapping or an-
giography is performed to assist the surgeon for vascular
access surgery. When preoperative ultrasound mapping
was performed, a minimum threshold of 2.5 mm for the
vein and 2.0 mm for the artery was used to determine
creation of an AVF (8). The patients are evaluated by the
surgeon at 2- and 6-week clinic visits after creation of an
AVF. If there was an abnormality detected on physical
exam by the surgeon, the patient either had salvage pro-
cedures performed by the surgeon or was referred to in-
terventional nephrology. These procedures could include
endovascular (angioplasty) or surgical revisions to the
AVEFE. AVFs are typically allowed to mature for 3 to 6
months before initial cannulation, and permission for ini-
tial AVF cannulation is given by the vascular access sur-
geon.

At UAB all of the patients receive preoperative ultra-
sound mapping before new vascular access evaluation
with creation of an AVF requiring a minimum vein diam-
eter of 2.5 mm and artery diameter of 2.0 mm (12,24,25).
The patients were evaluated for 1 to 2 weeks after AVF
placement by the surgeons and assessed clinically for mat-
uration by dialysis nurses and nephrologists. If AVFs were
felt to be unsuitable for cannulation or not maturating
adequately, a postoperative ultrasound was ordered (25).
The ultrasound was used to screen for remediable causes
of AVF immaturity and was followed by specific surgical
or endovascular salvage procedures (25). AVFs were typ-
ically cannulated at 8 to 12 weeks. Radiocephalic, brachi-
cephalic, and basilic vein transpositions AVFs were the
three types of fistulas created in our study population.

Data Collection and Analyses

Information related to access history, surgeries, proce-
dures, and outcomes were collected from the access data-
bases from both centers. The databases included informa-
tion about vascular access placements and subsequent
surgical or endovascular procedures.

From the respective access databases, we identified a
comprehensive list of AVFs placed in prevalent hemo-
dialysis patients over a 3-year period. We identified 221
patients (128 patients at UC and 93 patients at UAB) who
had new AVFs placed and were on hemodialysis during

this study period. After excluding primary failures from
both centers, a total of 173 AVFs remained for analysis
(108 from UC and 65 from UAB). The primary failure
rate was 21% in the initial study population. Cumulative
access survival was calculated from the time of access
cannulation to permanent failure. Access cannulation
was deemed successful when the patient’s tunneled
catheter was removed. All of the patients were dialyzing
with tunneled catheters before AVF surgery. The clinical
outcome of each AVF was determined from the data-
bases.

Demographic and clinical information was collected us-
ing electronic medical records on each patient including
sex, race, presence or absence of diabetes, peripheral vas-
cular disease (PVD), BMI =30, and age =65. Institutional
review board approval from both centers was obtained
before initiation of this study.

Statistical Analyses

The data were reported as percentages (means * SE)
as appropriate. The clinical characteristics were ana-
lyzed using contingency table analysis, ANOVA, and t
tests. A P value <0.05 was considered statistically sig-
nificant. Cumulative access survival was plotted using
Kaplan-Meier survival techniques with patients cen-
sored for death, kidney transplant, or end of follow-up,
and the log-rank test was used to compare the survival
between patient groups. A P value <0.05 was considered
to be statistically significant. Univariable and multivari-
able Cox proportional hazard models were performed,
and hazard ratios (HR) and their associated 95% confi-
dence intervals (ClIs) were computed. For the analysis
comparing cumulative survival between angioplasty
and surgical interventions, those patients who had both
surgical and angioplasty (six in total) procedures to
promote AVF maturation were placed in the angioplasty
group for the survival analysis. All of the statistical
analyses were performed using the JMP® 8.0 (Cary, NC)
statistical software package.

Results
Patient Population

The study population was comprised of 173 patients.
74% of the patients were men, 75% were black, 50% had
diabetes, and 20% had PVD. 68% of patients had upper
arm AVFs placed. Only 28% of patients were =65 years of
age, and 34% had BMI =30. Table 1 summarizes the demo-
graphic and clinical characteristics of the patient population
by number of interventions before maturation. Diabetes,
PVD, BMI =30, and female sex were associated with more
interventions before AVF maturation (Table 1). Age =65,
race, or access site did not differ by number of interventions
before maturation (Table 1). The proportion of interventions
was similar for groups with zero, one, and two or more
interventions in both first and subsequent AVFs (Table 1).
The median duration of dialysis treatment (dialysis vintage)
was 251 days in the group with one intervention and 167
days in the group with two or more interventions.

Cumulative Access Survival
Cumulative survival, defined from the time of access

cannulation to permanent failure, was shorter in patients
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Table 1. Baseline demographics by number of interventions to promote AVF maturation
Zero Interventions One Intervention Two or More Interventions P

Patients (n = 173) 96 (55.5%) 54 (31.2%) 23 (13.3%)

Sex 0.0107
female 17 (17.7%) 16 (29.6%) 11 (47.8%)
male 79 (82.3%) 38 (70.4%) 12 (52.2%)

Race 0.2664
black 71 (74.0%) 38 (70.4%) 20 (87.0%)
white 25 (26.0%) 16 (29.6%) 3 (13.0%)

Diabetes 0.0422
yes 41 (42.7%) 30 (55.6%) 16 (69.6%)
no 55 (57.3%) 24 (44.4%) 7 (30.4%)

PVD 0.0415
yes 18 (18.8%) 7 (13.0%) 9 (39.1%)
no 78 (81.2%) 47 (87.0%) 14 (60.9%)

Access site 0.7710
upper arm 66 (68.8%) 38 (70.4%) 14 (60.9%)
forearm 30 (31.3%) 16 (29.6%) 9 (39.1%)

Age =65 0.4021
yes 24 (25%) 16 (28.3%) 9 (39.1%)
no 72 (75%) 38 (71.7%) 14 (60.9%)

BMI =30 0.0491
yes 28 (29.2%) 17 (31.5%) 13 (56.5%)
no 68 (70.2%) 37 (68.5%) 10 (43.5%)

First versus subsequent fistula 0.1727
first 61 (63.5%) 38 (70.4%) 19 (82.6%)
subsequent 35 (36.5%) 16 (29.6%) 4 (17.4%)

who had two or more interventions before AVF matu-
ration compared with those with zero interventions (HR,
2.07; 95% CI, 1.21 to 2.94; P = 0.0001) (Figure 1). When
comparing cumulative survival among patients with one
intervention to those with zero interventions before mat-
uration, there was a trend toward worse cumulative
survival in patients receiving one intervention before
maturation (HR, 1.91; 05% CI, 0.944 to 3.81; P = 0.07)
(Figure 1). Cumulative survival in patients with two or
more versus one versus zero interventions before matu-
ration was 68% versus 78% versus 92% at 1 year, 57%
versus 71% versus 85% at 2 years, and 42% versus 57%
versus 75% at 3 years (Figure 1). The median duration of
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Figure 1. | Cumulative access survival (time from fistula cannula-
tion until failure) by number of interventions before manipulation
(zero, one, or two or more). By log-rank test, P = 0.0001 for all three
groups, P = 0.0620 for zero versus one intervention, and P < 0.0001
for zero versus two or more interventions.

follow-up was 672 days. There was no difference in
cumulative survival by center.

After performing a Cox regression analysis adjusting for
interventions before maturation, sex, race, diabetes, pe-
ripheral vascular disease, access site, age =65, and BMI
=30, interventions before maturation (two or more) was
the only factor associated with cumulative access failure
(HR, 1.67; 95% CI, 1.01 to 2.70; P = 0.02; P = 0.004 for the
overall model).

Number of Interventions to Maintain Access Patency after
Dialysis Use

Patients who had two or more interventions before
maturation required a significantly higher mean number
of interventions/years after cannulation to maintain pa-
tency, as compared with those requiring one interven-
tion (3.51 versus 1.37; P = 0.04) and no interventions
before maturation (3.51 versus 0.755; P = 0.004) (Table 2).
There was no difference in the number of interventions
after AVF use when comparing those AVFs that had zero
or one intervention before maturation (0.755 versus 1.37;
P = 0.37) (Table 2).

Surgical versus Endovascular Intervention to Promote AVF
Maturation

Among the 77 patients who received interventions to
promote AVF maturation, 55 received endovascular in-
terventions, 16 received surgical revisions, and six pa-
tients received both surgical and endovascular interven-
tions. The six patients who required both surgical and
endovascular interventions were placed in the endovas-
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Table 2. Number of interventions after cannulation by number of interventions to promote AVF maturation

per year after AVF cannulation
(= SE of mean)

Two or
Inter%il;gcions Inter(\)/relﬁtion More P
Interventions
Number of patients 96 54 23
Mean number of interventions 0.755 = 0.0971 1.37 = 0.308 3.51 = 2.20° 0.0152

interventions, P = 0.04.
“Indicates which group differs from others.

When comparing: zero versus one intervention, P = 0.37; 0 versus two or more interventions, P = 0.004; one versus two or more

cular group for the purposes of the analysis. There was
no difference in cumulative survival when comparing
patients who had endovascular versus surgery to pro-
mote AVF maturation (P = 0.8298) (Figure 2).

Discussion

In an effort to improve vascular access outcomes, both
the Fistula First Initiative (9-11) and National Kidney
Foundation Kidney Disease Quality Initiative guidelines
(8) have promoted increased AVF use in hemodialysis
patients. In one respect, these initiatives have been
hugely successful, resulting in a progressive increase in
AVF use over the past few years, which currently ex-
ceeds 50% in the United States hemodialysis population
(26). Unfortunately, there has been a concurrent increase
in AVFs that fail to mature for dialysis (14,24,27-29),
which was as high as 60% in a recent large, multi-center,
randomized clinical trial (14). Although there is not a
standard definition for AVF nonmaturation, the recently
published Dialysis Access Consortium study considered
nonmaturation as AVFs not cannulated by two needles
with optimal dialysis blood flow within 4 to 5 months
after AVF creation (14). The most common etiology for
AVF nonmaturation is a lack of vein dilation or aggres-
sive neointimal hyperplasia (4). Nonmaturing AVFs fre-
quently have identifiable anatomic abnormalities (most
commonly peri-anastomotic stenosis), which can be rec-
ognized by physical examination (evaluation of pulse,
thrill, and augmentation) (30), postoperative ultrasound
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Figure 2. | Cumulative access survival (time from fistule cannula-
tion until access failure) comparing angioplasties versus surgery
before AVF use. P = 0.8298 by log-rank test. Patients who received
both angioplasty and surgery to promote AVF maturation were
placed into the angioplasty group for analysis.

(31,32), or angiogram (19,20,33,34). Targeted percutane-
ous or surgical interventions to repair these abnormali-
ties are often successful in salvaging nonmaturing AVFs
to make them suitable for dialysis (19-21,35-37).

The few published studies evaluating long term out-
comes in AVFs requiring interventions to promote mat-
uration reported cumulative survival rates of 68 to 82%
at 1 year (19,20,35,36) and 62% at 2 years (35), similar to
the rates observed in our investigation. Unfortunately,
previous studies did not provide a comparison with a
concurrent control group of AVFs not requiring such
interventions. The current study evaluated the associa-
tion between the number of interventions required to
promote maturation (zero, one, or two or more) and
cumulative fistula survival and observed significantly
inferior long-term AVF survival in patients requiring
two or more interventions to achieve AVF maturation, as
compared with those requiring zero or one interven-
tions. Moreover, AVFs requiring two or more interven-
tions to promote maturation also required more inter-
ventions to maintain long-term patency after dialysis
use.

Why might interventions to promote fistula maturation
be associated with shortened AVF survival and a greater
need for future AVF interventions? One possible explana-
tion is that these interventions, particularly endovascular
procedures, induce endothelial injury that leads to aggres-
sive neointimal hyperplasia, rapid restenosis, and access
failure. In support of this hypothesis, Chang et al. (23)
observed that restenotic lesions in AVF after angioplasty
had greater cellular proliferation activity within the intima
and media, as compared with AVFs with primary stenosis.
Likewise, in cardiovascular models of vascular injury after
coronary interventions, a sequence of inflammation, gran-
ulation, extracellular matrix remodeling, smooth muscle
cell proliferation, and migration occurs, leading to neoin-
timal thickening and restenosis, as well as the inability of
the vessels to undergo dilation after injury (38-41). An
alternative hypothesis is that AVFs that require interven-
tions to achieve maturation are simply created from “poor
quality vessels,” which in turn leads to shortened cumula-
tive AVF survival.

The type of vascular intervention may affect long-term
fistula survival. Some have speculated that the injury
resulting from angioplasty is greater than that obtained
with surgical revision. Previous retrospective studies
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comparing surgical revision and angioplasty of previ-
ously functional forearm AVFs that had developed ste-
nosis provided conflicting results, with one study show-
ing improved postintervention AVF patency in the
surgery group versus the angioplasty group (42) and
another demonstrating no difference in postintervention
patency between the two types of intervention (43). Un-
like this study, the interventions in these prior studies
were used to treat stenosis in functional forearm AVF,
rather than to salvage immature AVFs before dialysis
use. However, our small sample size precluded defini-
tive conclusions about the relative effect of surgical ver-
sus endovascular intervention to promote AVF matura-
tion. We continue to believe, however, that a
randomized study examining this issue is desperately
needed.

At present, there are no effective pharmacologic treat-
ments to promote AVF maturation, largely due to our
limited understanding of the pathophysiology of AVF
maturation (1-3,17,44,45). In this regard, a large ran-
domized, double-blinded clinical trial found that clopi-
dogrel significantly reduced early AVF thrombosis but
failed to decrease AVF nonmaturation (14). Until effec-
tive pharmacologic interventions are established, the
mainstay approach to salvaging nonmaturing AVF re-
mains the performance of endovascular or surgical in-
terventions. Whereas such interventions are clearly bene-
ficial in converting immature AVFs to ones that are
suitable for dialysis, the use of such interventions is asso-
ciated with shortened cumulative AVF survival and the
need for frequent interventions to maintain their patency.

Finally, we would like to emphasize that we are not
arguing against the use of endovascular or surgical in-
tervention for enhancing AVF maturation. In particular,
we are completely cognizant of the fact that a lack of
intervention would likely have resulted in primary AVF
failure in the patients in the intervention group (46).
However, we do want to bring to the attention of the
dialysis access community the fact that multiple inter-
ventions may have at least some negative effect in the
long term, both on survival and on the number of inter-
ventions required to maintain patency. The latter is
likely to significantly influence overall cost (which could
become an important determinant of practice patterns in
the context of a possible future bundling of dialysis
access within overall dialysis care).

This study has some limitations. First, it was a retro-
spective study. However, both participating centers
used similar prospective access databases with all pro-
cedures performed at a single hospital or outpatient
interventional nephrology center. Thus, we have a high
degree of confidence that the access events captured
were accurate and comprehensive. Second, due to the
retrospective study design, we cannot determine
whether the shortened cumulative AVF survival was a
consequence of the interventions performed to achieve
maturation or whether the need for two or more inter-
ventions to achieve AVF maturation was simply a
marker for “poor vessels.” Third, we included in our
analysis only those AVFs that successfully matured for
dialysis. However, our intention was to specifically eval-
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uate access survival after successful cannulation for di-
alysis, because the major advantages of AVFs over arte-
riovenous grafts are their longer cumulative survival
and lower frequency of interventions, once primary fail-
ures are excluded (12,47). Finally, our study evaluated
only prevalent dialysis patients; therefore, our results
may not be applicable to an incident population. A
major strength of our study is that it is multi-center,
from two academic centers with large dialysis patient
populations. Thus, our results are likely to be broadly
applicable to other dialysis centers.

Conclusions

Our results suggest that repeated interventions to pro-
mote AVF maturation are associated with shorter long-
term AVF survival and an increase in interventions to
maintain access patency after successful dialysis use. Fur-
thermore, our results (1) emphasize the importance for
further research evaluating the mechanisms of injury asso-
ciated with interventions to promote maturation and (2)
underscore the need for development of novel pharmaco-
logic therapies to enhance cumulative AVF survival in
patients whose AVFs require interventions to achieve mat-
uration and decrease the number of interventions to main-
tain access patency. Thus, we hope that in the future it may
be possible to combine novel anti-stenotic therapies and
devices with surgical or endovascular interventions to en-
hance AVF maturation. Unfortunately, we do not have
access to such interventions at present, hence the need to
quantify the effect of repeated endovascular and surgical
interventions on AVF survival.
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