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Introduction

The superiority of the native arteriovenous fistula (AVF) over
other types of accesses including arteriovenous graft (AVG)
and tunneled dialysis catheters (TDC) for chronic hemodialy-
sis (HD) is well-recognized. AVF has been shown to have
superior patency rate and lower complication rate including a
low risk of infection and a lower intervention rate to maintain
its patency [1, 2]. This is the fundamental reason underlying
various vascular access guidelines and the Fistula First project
in the United States that led to predominantly AVF creation in
the majority of patients with end-stage kidney disease (ESKD).
AVF maturation failure rates remain high. The most recent
annual data report of the United States Renal Data System
(USRDS) demonstrated that 39% of AVFs placed between
2014 and 2016 failed to mature sufficiently to use for dialysis
[3]. Older reports had similar findings with ranges between
28% and 53% [4-T]. Failure to mature (FTM) often commits
these patients to a TDC for a variable length of time until they
have a well-functioning arteriovenous (AV) access [4]. In addi-
tion to the risk of infection and central venous stenosis, the
catheters also contribute to inadequate dialysis and poor patient
outcomes [4]. Therefore, early recognition and timely interven-
tion in case of an AVF with FTM is critically important [4].

Failure to Mature (FTM): Definition

Fistula failure can be classified as early and late. Early or
primary failure is a true FTM that refers to the cases in which
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the AVF never develops to the point where it can be used, or
fails within the first 3 months of usage [1]. Late or secondary
failure refers to those cases where the AVF fails after a period
of successful usage [8, 9]. Although there might be consider-
able overlap in the causes of both early and late failure, early
failure has gained significant attention as data have demon-
strated that a great majority of the failed AVF can be sal-
vaged using percutaneous interventions [10—13]. While it is
not infrequent to abandon these AVFs with early failure,
aggressive evaluation and treatment have been shown to
result in salvage of a vast majority of these accesses [11].

Risk Factors for Failure of Maturation

As mentioned above, FTM remains a common problem occur-
ring in 28-53% of native AVFs [3-7, 14, 15]. Several studies
have looked at factors that might predict AVF maturation.

Preoperative vascular mapping has been shown to improve
the rate of AVF placement and overall surgical success rate
[16-18]. Creation of AVF using very small arteries (e.g.,
<1.6 mm in diameter) and veins is likely to fail, although the
precise cutoff hinges on the available surgical experience
and expertise [16].

Perhaps the most critical determinant of AVF maturation
is the functional ability of the artery and vein to dilate and
achieve a rapid increase in blood flow after surgery [16].
Several studies have shown that postoperative flow rate
measured by Doppler ultrasound in a forearm fistula is a
moderately good predictor of fistula maturation [19, 20]. In
addition, these studies have reported using a cutoff between
400 and 500 ml/min at 2—8 weeks as a predictor of fistula
maturation. Clinical examination of the fistula may be as
accurate as Doppler flow measurement [19-21]. Other pre-
dictors of AVF failure include age >65 years, diabetes mel-
litus, female gender, and high body mass index (>27).
However, angiographically detected anatomic abnormali-
ties are present in the majority of the patients with early
FTM [1].

99

A.S. Yevzlin et al. (eds.), Interventional Nephrology, https://doi.org/10.1007/978-3-030-81155-6_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-81155-6_13&domain=pdf
https://doi.org/10.1007/978-3-030-81155-6_13#DOI
mailto:Khaled.Boubes@osumc.edu
mailto:Nabil.haddad@osumc.edu
mailto:anil.agarwal@osumc.edu

100

K.Y.Boubes et al.

Causes of Early Fistula Failure

AVF maturation failure can be classified into three major

categories:

1. Inflow problems: poor arterial inflow and juxta-
anastomotic stenosis (JAS).

. Outflow problems: failure for the vein to “arterialize” and
the presence of large and/or multiple accessory veins.

. Other technical factors related to surgical procedure: e.g.,
adeep fistula, although mature, might not be easily acces-
sible for cannulation and may require transposition in
order to support dialysis adequately.

Majority of these causes can, and must be, identified early
in order to salvage the AVFE.

Inflow Problems
A good inflow is critical for fistula maturation and for attain-
ing adequate flow rates to deliver dialysis. After AVF cre-
ation, the arterial flow is expected to increase, with gradual
increase in arterial diameter and changes in flow pattern [16].
Vascular remodeling and dilation are typically attained as a
result of longitudinal shear stress and circumferential defor-
mation, in the milieu of vasoactive factors [16, 22]. This pro-
cess may continue over a long period of time and contributes
to maturation. Rarely, a small-size artery or presence of arte-
rial disease such as atherosclerosis can result in early fistula
failure. However, this can be identified and prevented by a
comprehensive patient evaluation prior to access placement.
JAS is one of the most common causes of maturation fail-
ure in angiographically evaluated AVFs and is mostly present
in the vein adjacent to the anastomosis, though it can some-
times also affect the adjacent artery [17] (Fig. 13.1). Although
precise etiology is not clear, it is postulated that the JAS
occurs in the swing segment of the vein, where the vein is
mobilized to connect with the artery and suffers stretching,
torsion, and spasm [23]. It is unclear as to what extent these
factors contribute to JAS; however, the net effect of JAS is to

Fig. 13.1 Fistulogram of
radiocephalic AVF showing
arteriovenous anastomotic
stenosis and juxta-
anastomotic stenosis of
cephalic vein and accessory
veins in the forearm
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reduce AVF inflow. JAS often occurs early in the process and
often results in early access failure.

In one single-center retrospective study, the authors
reported their 12-year experience of radiological manage-
ment of stenosis and thrombosis in both AVF and AVG [24].
Of the total 283 patients with AVF, 74% (209) had a forearm
AVF, and 26% (74) had upper arm AVFE. In patients with
forearm AVF, JAS was present in almost half leading to an
inflow problem (Fig. 13.2a). However, of the 74 patients
with the upper arm AVF, outflow venous stenosis was pre-
dominantly reported in 55% (n = 41) (Fig. 13.2b). The vast
majority of the stenoses (86%) were less than 2 cm long [24].
In another more recent single center prospective study of 246
patients over 7 years a larger AVF diameter and higher blood
flow measured by ultrasound within 90 days of AVF creation
were associated with a higher probability of unassisted mat-
uration [15].

Fortunately, JAS is amenable to treatment by percutane-
ous angioplasty or surgery [1, 11, 25]. A retrospective analy-
sis of prospectively collected data compared outcomes and
cost of surgery (n = 21) and percutaneous transluminal
angioplasty (PTA) (n = 43) for JAS in a total of 64 patients
[26]. Although the results showed similar cost and success
rate, adjusted relative risk was 2.77 for restenosis within the
PTA group. The primary 1-year unassisted patency rate for
surgery was 91 + 6% as compared with 54 + 8% with PTA,
although adjusted-assisted primary patency rates were simi-
lar in the two groups. The surgical approach had the advan-
tage of less restenosis but was more invasive, involved small
but significant risk of loss of venous capital, and was associ-
ated with a higher median cost, primarily because of the
procedure-related hospitalization. It is important to note that
the study was not randomized and only included patients
with mature AVF based on the choice made based on avail-
able expertise and technical facilities as suggested by the
authors. It is worth reemphasizing that JAS can be easily
diagnosed by physical examination [27, 28].
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Fig. 13.2 (a, b) Common sites of stenosis in AVFE. (a) In wrist AVE. (b) In upper arm AVE. (Reproduced with permission from Turmel-Rodrigues

et al. [24])

Outflow Problems
After AVF creation, venous dilatation ensues, initially as a
result of increased venous pressure and later because of the
increase in flow-mediated shear stress [16, 17]. For an AVF to
mature enough and be used to provide satisfactory HD, there
must also be sufficient blood flow through the outflow vein.
The absence of good outflow will result in failure of the access.
Anomalies that lead to outflow problems include veins that are
too small for AVF development, veins that are fibrotic or ste-
notic, or presence of side branches, referred to as accessory
veins. Failure of the dilation of the outflow vein has been sug-
gested to be a common cause of maturation failure [29].

Venous stenosis is the cause of failure of the majority of
AVF. Endovascular techniques have become popular in the
treatment of most venous stenoses (Fig. 13.3a, b). However,
recurrent lesions remain problematic, especially with a long
segment of severely narrow lesions [30]. Close surveillance
and repeated interventions are generally required to maintain
patency, although the restenosis at 6 months is significantly
less with AVF, compared with AVG [31].

Although a single cephalic vein stretching from the wrist
to the antecubital space is ideal, in many cases, it may be
accompanied by one or more accessory veins [27].

Accessory veins are part of normal anatomy. All veins
receiving the flow from the newly created anastomosis
enlarge after creation of AVF, and a small accessory vein
may also become enlarged with time. The accessory veins
must be distinguished from the collateral veins which are
pathological and are associated with a downstream (ante-
grade) stenosis. Ideally, the presence of an accessory vein
may be viewed as an advantage since it might provide an
additional venous channel suitable for cannulation.
However, when large (>25% of the diameter of main AVF),
the accessory vein can steal enough blood flow so that the
main fistula channel does not dilate, often resulting in early
AVF failure [27, 32] (Fig. 13.4). The accessory veins can
often be diagnosed by physical examination [33, 34].
Frequently they are visible or can be detected by palpating
the fistula. Also, the thrill that is palpable over the arterial
anastomosis usually disappears when the downstream
(antegrade) fistula is manually occluded, but it does not dis-
appear if an outflow channel (accessory vein) is present
below the point of occlusion [28] (Fig. 13.5). In an imma-
ture AVF, ligation or coiling of these accessory veins will
redirect the flow to the main channel and promote the
development of a usable AVF [1, 11]. Accessory veins
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Severe stenosis of
cephalic vein

Fig. 13.3 (a) Cephalic vein in forearm with severe stenosis that can be angioplastied for maturation of AVF. (b) Cephalic vein in forearm after

angioplasty leading to maturation of AVF
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Fig.13.4 Fistulogram of forearm radiocephalic AVF showing multiple
large accessory veins

Fig. 13.5 Physical examination of accessory vein. When the fistula is
occluded at point A, the thrill will disappear at the anastomosis. As the
point of occlusion is moved upward past the accessory vein to point B,
the thrill will continue when the fistula is occluded. (Reproduced with
permission from Beathard [27])

together with the JAS represent the two most common
causes of early AVF failure [35, 36]. These two lesions are
often present simultaneously [24, 37].

With the introduction of endovascular AVF (endo-AVF)
creation, accessory vein ligation may become more com-
mon. While endovascular AVF creation in general requires
less postoperative interventions, accessory vein obliteration
is one of the interventions that is more commonly required.
In a study of 32 patients who underwent endo-AVF creation
using WavelinQ EndoAVF system, 28% of the patients
required coiling of accessory veins [38]. In other studies that
compared the rate of interventions in endo-AVF patients ver-
sus traditional surgical AVF, the rate of accessory vein liga-
tion per patient-year was 0.207 vs 0.007 in one study [39]
and 0.143 vs 0.100 in another [40].

Identification and Management of Early AVF
Failure

Identification of patients who are at risk of early AVF failure
is critical in order to perform timely intervention to salvage
the AVF [1, 17]. Physical examination of the AV access is not
only easy to perform and inexpensive; it also provides a high
level of accuracy [27, 41]. Both stenosis and accessory veins,
along with JAS, can be easily identified by a thorough physi-
cal examination of the AV access [8]. Point of care ultraso-
nography (POCUS) can be utilized in addition to physical
exam to provide a more comprehensive evaluation. Please
refer to the chap. 12 (“Approach to Arteriovenous Access”)
for details regarding access examination. While detailed tra-
ditional ultrasonography can identify these lesions success-
fully, it may not be readily available in all centers and is not
free of added cost.

Given the fact that there is very little change in the AVF
blood flow or diameter after the first month along with the
finding that AVF maturation can be judged with high accu-
racy via physical examination, it is recommended that all
newly created AVFs should be evaluated by an experienced
examiner at 4 weeks [1, 11, 42, 43]. An angiographic study
must be performed for non-maturing or poorly mature AVF
[4]. In patients who have not initiated dialysis, there is often
a concern with the use of radiocontrast. However, a small
amount of contrast use has been shown to be safe in the eval-
uation of AVF [44].

An early identification and intervention approach is criti-
cal for two reasons. First, a majority of AVFs with early fail-
ure demonstrate stenotic lesions within the access circuit,
and vascular stenosis is a progressive process eventually
culminating in access thrombosis, with the risk of permanent
loss of the access [1, 11, 12]. Failure to act promptly in these
AVFs will result in a loss of the opportunity to salvage an
AVF. Second, patients with early AVF failure are often com-
mitted to a TDC exposing them to all the dreaded complica-
tions of catheter use. Hence, early intervention to identify
and salvage early AVF failure becomes an important part of
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preventing AVF loss and minimizing complications related
to catheters. Such an approach also supports the “catheter
last” approach that the experts advocate.

Specific Interventions

Once a patient with early AVF failure has been identified,
appropriate action to salvage the AVF should be taken in a
timely manner. As previously mentioned, studies have
demonstrated that the two most common problems observed
in early AVF failure are the presence of stenosis and acces-
sory veins [10-12]. Fortunately, a great majority of these
failed AVFs can be salvaged using percutaneous techniques
[1, 12, 45].

Angioplasty

Endovascular intervention to salvage an immature or failing
AVF has become routine. Using radiocontrast, an angiogram
of the AVF (commonly termed as “fistulogram”) is done to
diagnose the presence of anatomic abnormalities, which can
usually be treated with percutaneous transluminal angio-
plasty (PTA). PTA is typically indicated when there is >50%
stenosis of AVF or AVG [17, 34]. An inflow lesion, if identi-
fied, may be amenable to PTA via a retrograde approach. In
a prospective observational study, 100 patients with early
FTM underwent evaluation and treatment at 6 freestanding
outpatient vascular access centers [1]. Vascular stenosis and
presence of a significant accessory vein alone or in combina-
tion were found to be the most common offenders. Venous
stenosis was present in 78% of the cases. A majority (48%)
of these lesions were found to be close to the anastomosis
(JAS). A significant accessory vein was present in 46% of the
cases. PTA and accessory vein obliteration using one of the
three techniques (percutaneous ligation using 3/0 nylon,
venous cut down, or coil insertion) were used to salvage the
failed AVF. Angioplasty was performed with a 98% success
rate, and there was 100% success rate for accessory vein
ligation. These interventions resulted in dialysis initiation
using the AVF in 92% of the cases [1]. Upon further analysis,
84% of the AVFs were functional at 3 months, 72% at
6 months, and 68% at 12 months [1]. The overall complica-
tion rate in this series was 4%, exclusively seen in patients
who underwent angioplasty. Of these, only one patient (1%)
had a major complication consisting of a vein rupture with an
expanding hematoma resulting in loss of the access. The
three minor complications included low-grade hematomas
requiring no treatment and no sequelae [1].

Accessory/Branching Vein Ligation

Ligation of the accessory veins can be performed surgically
or percutaneously with suture ligation and/or embolization.
Suture ligation is useful in patients with superficial acces-
sory veins given minimal distance for subcutaneous dissec-
tion [46]. Coils within superficial veins can be irritating to
patients and possibly erode through the skin. However, coil
embolization is preferred in those with deep accessory
veins as cutdown suture ligation is more difficult with
potential risks of nerve/muscle and tendon injury [46].
Using a percutaneous ligation technique, a separate report
also described accessory vein ligation of fistulas that failed
to achieve adequate blood flow or size for successful can-
nulation. Authors reported that of the 17 AV fistulas, 15
(88%) successfully matured at 1.7 months (+1 month) after
the procedure and were functioning at 44.5 (£12 weeks)
after the first use [10].

In another series of 119 patients with AVF complicated by
maturation failure, 29.4% had a significant accessory vein
but that was the sole cause of AVF dysfunction in only 3.4%
[45]. The AVF salvage rate for all lesions was 83% in this
series. These reports suggest that early intervention for matu-
ration failure can salvage a majority of AVF using endovas-
cular techniques [1, 12, 17].

Sequential Dilation

Occasionally early fistula failure is found due to a long seg-
ment of the vein which is diffusely small or stenosed.
Recent reports have highlighted a newer technique (sequen-
tial dilatation or balloon-assisted maturation) to salvage an
AVF that fails to develop because of diffuse stenosis [6,
47]. In this technique, the AVF is gradually dilated with a
progressively increasing size of angioplasty balloon at 2- to
4-week intervals until a size that is optimal for dialysis can-
nulation is achieved. The goal is to progressively dilate the
outflow vein to a point that it is usable for repetitive can-
nulation and will also deliver adequate blood flow. Dilation
time is typically <20 s mainly to reduce the chance of
thrombosis [46]. In addition, shutting down or occluding
flow to the AVF by compressing the anastomosis during
vein dilation is recommended to prevent venous tears
resulting in blood leaking out subsequently causing ecchy-
mosis [46]. Balloon dilatation is usually performed starting
from the central to the peripheral vein to reduce the likeli-
hood of blood extravasation as it is easier to pull back a
balloon than push it forward [46].



104

K.Y.Boubes et al.

Surgical Techniques

Surgical interventions include patch angioplasty, creation of
a combination of fistula and graft (“graftula”), creation of a
new anastomosis for a juxta-anastomotic lesion, and superfi-
cialization procedures [4, 46]. However, large-scale random-
ized prospective studies examining the role of surgical
approach in the salvage of AVF with early failure are lacking.
Inability to navigate the wire across a stenotic lesion during
percutaneous approach and deep location of an AVF are
some of the indications for surgical intervention [4].

Stents in AV Access

Stents have a very limited role in salvaging immature AVFs.
When dealing with the stenosis, patients with >30% residual
stenosis after PTA of venous stenosis or those with recur-
rence of the stenosis within 3 months and requiring repeated
intervention should be considered for a stent placement [17].
Stents can also be useful in the case of vessel rupture during
angioplasty that does not respond to conservative measures.
The latter, however, is generally associated with poor pri-
mary patency [48]. Stents can also be used when PTA has
failed and surgery is not feasible due to a variety of reasons.

Although stents have been used in coronary and periph-
eral arterial circulation with decent success, dialysis access
demonstrates unique pathologies with the outflow being part
of venous circulation. Self-expanding rather than balloon-
expanded stents are commonly used for VA [49]. These
include bare metal stainless steel stents or nitinol shape
memory alloy recoverable technology (SMART) stents that
are made of nickel-titanium alloy [17]. These have physical
characteristics that allow more deformability as compared
with bare-metal stents.

Stent grafts are composed of nitinol skeleton covered by
graft material on both sides. Stents available until recently have
been used off-label to improve patency in patients with VA ste-
nosis, primarily in AVG, with variable results. Stent placement
has several disadvantages including migration, fracture, and in-
stent restenosis [17]. Infectious complications are usually not
evident until many days after the procedure [50]. Additionally,
due to the stent placed in the venous segment, loss of vein
length may jeopardize cannulation length and future AVF cre-
ation [17]. Despite the recent advances in knowledge, both
technical and theoretical, the role of stent placement in the
management of hemodialysis access dysfunction remains con-
troversial. It will remain so until large, multicenter, prospective,
randomized, controlled trials are conducted [50].

Stent placement should be utilized only after consider-
ing the type, location, and frequency of recurrence of the

lesion. Possibility of a secondary AVF must be considered
to avoid the loss of available venous length from stent
placement.

Thrombectomy

If the immature AVF is thrombosed, then one can perform
a thrombectomy (sometimes also referred to as declotting)
with simple PTA maceration of the clot in most cases [6].
There is typically a minimal amount of thrombus usually
located in the juxta-anastomotic region. Anticoagulation
with heparin is generally indicated. The treatment should
also include prompt detection and treatment of the under-
lying anatomic abnormality and evaluation and manage-
ment of outflow, including central veins, to avoid
rethrombosis. Percutaneous thrombectomy of AVF is more
difficult than thrombectomy of AVG, with success rates
that vary between 73 and 96% in the published literature
[51]. With the advent of new technology and growing
expertise in the field of interventional nephrology, the
results of percutaneous techniques have improved signifi-
cantly and are now comparable to surgical thrombectomy
with restoring AVF patency in >90% of cases [52-54].
However, the results seem to vary with operator experi-
ence and available resources.

Prevention of Early FTM

Appropriate preoperative evaluation of the patients prior to
AVF creation will not only increase chances of AVF creation
but also of AVF maturation. Use of physical examination,
ultrasonography, and occasional venography are recom-
mended based on individual case. Although the use of certain
pharmacologic agents, especially the antiplatelet agents, has
been noted to be associated with improved survival of AVF, it
has not been proven conclusively to improve the use of AVF in
randomized controlled trials despite reduction in AVF throm-
bosis [55-58]. Many novel therapies are being evaluated to
improve maturation of AVFE. Local delivery of endothelial cells
as a wrap can reduce development of neointimal hyperplasia
at the arteriovenous anastomosis [59]. Perivascular wraps of
antiproliferative agents (paclitaxel) and gene therapy with
adenoviral vectors have been tried [60]. Use of venous and
arterial allografts as well as decellularized xenografts have
been tried in those with unsuitable veins. Better hemodynam-
ics by way of using a premade arteriovenous anastomosis have
also been tried in clinical studies. Vein preconditioning
throught a gradual increase in blood flow through the cephalic
vein using an external pump is also being tested [61].
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Conclusion

It is crucial to evaluate a newly created AVF at 4-6 weeks
after placement to identify candidates with early AVF failure.
Physical examination is a simple but efficient modality of
identifying such candidates. Once identified, these patients
should be referred to an interventionalist for evaluation and
appropriate intervention. Delays in such intervention may
result in the delivery of dialysis with a catheter rendering the
patient susceptible to higher complications as well as to a
risk of eventual thrombosis leading to permanent loss of
access. Use of the percutaneous endovascular techniques
such as balloon angioplasty and vein obliteration can rescue
the majority of early AVF failures.

References

10.

11.

12.

13.

15.

. Beathard GA, Arnold P, Jackson J, Litchfield T, Physician Operators

Forum of RMS Lifeline, Inc. Aggressive treatment of early fistula
failure. Kidney Int. 2003;64:1487-94.

. Allon M, Robbin ML. Increasing arteriovenous fistulas in

hemodialysis patients: problems and solutions. Kidney Int.
2002;62:1109-24.

. United States Renal Data System. 2018 USRDS Annual Data

Report: Epidemiology of kidney disease in the United States.
National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases, Bethesda, MD; 2018.

. Asif A, Roy-Chaudhury P, Beathard GA. Early arteriovenous fistula

failure: a logical proposal for when and how to intervene. Clin J Am
Soc Nephrol. 2006;1:332-9.

. Allon M, Lockhart ME, Lilly RZ, et al. Effect of preoperative

sonographic mapping on vascular access outcomes in hemodialysis
patients. Kidney Int. 2001;60:2013-20.

. Asif A, Cherla G, Merrill D, Cipleu CD, Briones P, Pennell

P. Conversion of tunneled hemodialysis catheter-consigned patients
to arteriovenous fistula. Kidney Int. 2005;67:2399-406.

. Won T, Jang JW, Lee S, Han JJ, Park YS, Ahn JH. Effects of intra-

operative blood flow on the early patency of radiocephalic fistulas.
Ann Vasc Surg. 2000;14:468-72.

. Beathard GA. Strategy for maximizing the use of arteriovenous fis-

tulae. Semin Dial. 2000;13:291-6.

. Beathard GA. Angioplasty for arteriovenous grafts and fistulae.

Semin Nephrol. 2002;22:202-10.

Faiyaz R, Abreo K, Zaman F, et al. Salvage of poorly developed
arteriovenous fistulae with percutaneous ligation of accessory
veins. Am J Kidney Dis. 2002;39:824-7.

Beathard GA, Settle SM, Shields MW. Salvage of the nonfunction-
ing arteriovenous fistula. Am J Kidney Dis. 1999;33:910-6.
Turmel-Rodrigues L, Mouton A, Birmele B, et al. Salvage of imma-
ture forearm fistulas for hemodialysis by interventional radiology.
Nephrol Dial Transplant. 2001;16:2365-71.

Corpataux JM, Haesler E, Silacci P, et al. Low-pressure envi-
ronment and remodelling of the forearm vein in Brescia-
Cimino haemodialysis access. Nephrol Dial Transplant.
2002;17:1057-62.

. Miller PE, Tolwani A, Luscy CP, Deierhoi MH, Bailey R, Redden

DT, Allon M. Predictors of adequacy of arteriovenous fistulas in
hemodialysis patients. Kidney Int. 1999;56:275-80.

Farrington CA, Robbin ML, Lee T, Barker-Finkel J, Allon
M. Postoperative Ultrasound, Unassisted Maturation, and

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Subsequent Primary Patency of Arteriovenous Fistulas. Clin J Am
Soc Nephrol. 2018;13:1364-72.

Dixon BS. Why don’t fistulas mature? Kidney Int. 2006;70:1413-22.
Agarwal A, Asif A. Maintenance and salvage of vascular access:
current concepts. Intervent Nephrol. 2009;8(5):353-9.

Silva MB Jr, Hobson RW II, Pappas PJ, et al. A strategy for increas-
ing use of autogenous hemodialysis access procedures: impact of
preoperative noninvasive evaluation. J Vasc Surg. 1998;27:302-7.
Lin SL, Chen HS, Huang CH, et al. Predicting the outcome of
hemodialysis arteriovenous fistulae using duplex ultrasonography.
J Formos Med Assoc. 1997;96:864-8.

Robbin ML, Oser RF, Allon M, et al. Hemodialysis access graft
stenosis: US detection. Radiology. 1998;208:655-61.

Wong V, Ward R, Taylor J, et al. Factors associated with early fail-
ure of arteriovenous fistulae for haemodialysis access. Eur J Vasc
Endovasc Surg. 1996;12:207-13.

Kim YO, Choi YJ, Kim JI, et al. The impact of intima-media thick-
ness of radial artery on early failure of radiocephalic arteriovenous
fistula in hemodialysis patients. J Korean Med Sci. 2006;21:284-9.
Konner K, Nonnast-Daniel B, Ritz E. The arteriovenous fistula. J
Am Soc Nephrol. 2003;14:1669-80.

Turmel-Rodrigues L, Pengloan J, Baudin S, et al. Treatment of ste-
nosis and thrombosis in haemodialysis fistulas and grafts by inter-
ventional radiology. Nephrol Dial Transplant. 2000;15:2032-6.
Romero A, Polo JR, Morato EG, et al. Salvage of angioaccess after
late thrombosis of radiocephalic fistulas for hemodialysis. Int Surg.
1999;71:122-4.

Tessitore N, Mansueto G, Lipari G, et al. Endovascular versus
surgical preemptive repair of forearm arteriovenous fistula juxta-
anastomotic stenosis: analysis of data collected prospectively from
1999 to 2004. Clin J Am Soc Nephrol. 2006;1:448-54.

Beathard GA. Physical examination of the dialysis vascular access.
Semin Dial. 1998;11:231-6.

Beathard GA. Physical examination: the forgotten tool. In: Gray
R, Sands J, editors. A multidisciplinary approach for hemodialysis
access. New York: Lippincott Williams & Wilkins; 2002. p. 111-8.
Tordoir JH, Rooyens P, Dammers R, Van der Sande FM, De
Haan M, Yo TI. Prospective evaluation of failure modes in autog-
enous radiocephalic wrist access for hemodialysis. Nephrol Dial
Transplant. 2003;18:378-83.

Clark TW, Hirsch DA, Jindal KJ, et al. Outcome and prognostic
factors of restenosis after percutaneous treatment of native hemodi-
alysis fistulas. J Vasc Interv Radiol. 2002;13:51-9.
Turmel-Rodrigues L, Pengloan J, Blanchier D, et al. Insufficient
dialysis shunts: improved long term patency rates with close hemo-
dynamic monitoring, repeat percutaneous balloon angioplasty, and
stent placement. Radiology. 1993;187:273-8.

Miles AM. Upper limb ischemia after vascular access surgery: dif-
ferential diagnosis and management. Semin Dial. 2000;13:312-6.
Leon C, Orozco-Vargas LC, et al. Accuracy of physical examina-
tion in the detection of arteriovenous graft stenosis. Semin Dial.
2008:21(1):85-8.

National Kidney Foundation. K/DOQI clinical practice guidelines
for vascular access, guideline 19: treatment of stenosis without
thrombosis in dialysis AV grafts and primary AV fistulae. Am J
Kidney Dis. 2002;37(1):S163—4.

Beathard GA. Percutaneous transvenous angioplasty in the treat-
ment of vascular access stenosis. Kidney Int. 1992;42:1390-7.
Vesely TM, Siegel JB. Use of the peripheral cutting balloon
to treat hemodialysis-related stenoses. J Vasc Interv Radiol.
2005;16:1593-603.

Tessitore N, Mansueto G, Bedogna V, et al. A prospective con-
trolled trial on effect of percutaneous transluminal angioplasty
on functioning arteriovenous fistulae survival. ] Am Soc Nephrol.
2003;14:1623-7.



106 K.Y.Boubes et al.
38. MS Zemela, HR Minami, A Alvarez, MR Smeds. Real-world usage ~ 51. Moossavi S, Reagan J, Pierson ED, Kasey JM, et al. Non-surgical
of the WavelinQ EndoAVF system. Ann Vasc Surg. 2020;63:25-5. salvage of thrombosed arteriovenous fistulae: a case series and
39. Arnold R, Han Y, Balakrishnan R, et al. Evaluation of hemodialy- review of the literature. Semin Dial. 2008;20:459-64.
sis arteriovenous fistula interventions and associated costs: com-  52. Schon D, Mishler R. Salvage of occluded arteriovenous fistulae.
parison between surgical and endovascular AV fistula. J Vasc Interv Am J Kidney Dis. 2000;36:804-10.
Radiol. 2018;29:1558-1566.€2. 53. Simoni E, Blitz L, Lookstein R. Outcomes of AngioJet® thrombec-

40.

41.

42.

43.

44.

45.

46.

47.

48

49.

50.

Yang S, Lok C, Arnold R, et al. Comparison of post-creation proce-
dures and costs between surgical and an endovascular approach to
arteriovenous fistula creation. J Vasc Access. 2017;18:8-14.
Migliacci R, Selli ML, Falcinelli F, et al. Assessment of occlusion
of the vascular access in patients on chronic hemodialysis: com-
parison of physical examination with continuous-wave Doppler
ultrasound. Nephron. 1999;82(1):7.

Robbin ML, Chamberlain NE, Lockhart ME, et al. Hemodialysis
arteriovenous  fistula maturity: US evaluation. Radiology.
2002;225:59-64.

Robbin ML, Gallichio MH, Deierhoi MH, et al. US vascu-
lar mapping before hemodialysis access placement. Radiology.
2000;217:83-8.

Lok CE, Huber TS, Lee T, et al. KDOQI Vascular Access Guideline
Work Group. KDOQI clinical practice guideline for vascular access:
2019 update. Am J Kidney Dis. 2020;75(4 suppl 2):S1-S164.
Nassar GM, Nguyen B, Rhee E, Achkar K. Endovascular treat-
ment of the “failing to mature” arteriovenous fistula. Clin J Am Soc
Nephrol. 2006;1:275-80.

Falk A, Rajan D. The immature or failure to mature fistula. In:
Essentials of percutaneous dialysis interventions. New York:
Springer; 2011. p. 323-39.

Achkar K, Nassar GM. Salvage of a severely dysfunctional arterio-
venous fistula with a strictured and occluded outflow tract. Semin
Dial. 2005;18:336-42.

. Rajan D, Clark TW. Patency of wall stents placed at the venous

anastomosis of dialysis grafts for salvage of angioplasty-induced
rupture. Cardiovasc Intervent Radiol. 2003;26:242-5.

Urbanes AQ. Proper use and indications for stents in vascular
access salvage. Quest. 2008;15:15-9.

Yevzlin A, Asif A. Stent placement in hemodialysis access: histori-
cal lessons, the state of the art and future directions. Clin J Am Soc
Nephrol. 2009;4:996-1008.

54.

55.

56.

57.

58.

59.

60.

61.

tomy in hemodialysis vascular access grafts and fistulas: PEARL I
Registry. J Vasc Access. 2013;14(1):72—-6. https://doi.org/10.5301/
jva.5000102.

Nassar GM, Rhee E, Khan AJ, Nguyen B, Achkar K, Beathard
G. Percutaneous thrombectomy of AVF: immediate success and
long-term patency rates. Semin Dial. 2015;28(2):E15-22. https://
doi.org/10.1111/sdi.12336.

Dember LM, Beck GJ, Allon M, et al. Effect of clopidogrel on early
failure of arteriovenous fistulas for hemodialysis: a randomized
controlled trial. JAMA. 2008;299:2164.

Saran R, Dykstra DM, Wolfe RA, Gillespie B, Held PJ, Young
EW, Dialysis Outcomes and Practice Patterns Study. Association
between vascular access failure and the use of specific drugs: the
Dialysis Outcomes and Practice Patterns Study (DOPPS). Am J
Kidney Dis. 2002;40:1255-63.

Yevzlin AS, Conley EL, Sanchez RJ, Young HN, Becker
BN. Vascular access outcomes and medication use: a USRDS
study. Semin Dial. 2006;19:535-9.

Hasegawa T, et al. Consistent aspirin use associated with improved
arteriovenous fistula survival among incident hemodialysis patients
in the dialysis outcomes and practice patterns study. Clin J Am Soc
Nephrol. 2008;3:1373-8.

Nuget HM, Groothuis A, Seifert P, Guerraro JL, Nedelman M,
Mohankumar T, Edelman ER. Perivascular endothelial implants
inhibit intimal hyperplasia in a model of arteriovenous fistulae: a
safety and efficacy study in the pig. J Vasc Res. 2002;39:524-33.
Roy-Chaudhury P, Kelly BS, Zhang J, Narayana A, Desai P,
Melham M, Duncan H, Heffelfinger SC. Hemodialysis vascu-
lar access dysfunction: from pathophysiology to novel therapies.
Blood Purif. 2003;21:99-110.

Loree HM 2nd, Agyapong G, Favreau EG, et al. In vitro study of
a medical device to enhance arteriovenous fistula eligibility and
maturation. ASAIO J. 2015;61:480-6.


https://doi.org/10.5301/jva.5000102
https://doi.org/10.5301/jva.5000102
https://doi.org/10.1111/sdi.12336
https://doi.org/10.1111/sdi.12336

	13: Approach to a Patient with Non-maturing AV Fistula
	Introduction
	Failure to Mature (FTM): Definition
	Risk Factors for Failure of Maturation
	Causes of Early Fistula Failure
	Inflow Problems
	Outflow Problems

	Identification and Management of Early AVF Failure
	Specific Interventions

	Angioplasty
	Accessory/Branching Vein Ligation
	Sequential Dilation
	Surgical Techniques
	Stents in AV Access
	Thrombectomy
	Prevention of Early FTM
	Conclusion
	References


