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12.1 Introduction

A well-functioning and reliable vascular access is an abso-
lute requirement to provide life-sustaining dialysis treat-
ment in end-stage renal disease (ESRD) patients and
rightfully referred to as their “lifeline” [1]. Hemodialysis
(HD) vascular access (VA) dysfunction is the single most
important cause of morbidity in ESRD patients [1, 2]. The
rising incidence and prevalence of ESRD have led to an
increased burden on the US health-care system. The social
and economic cost of ESRD care is disproportionately
high. In 2009, the total ESRD cost rose to $29 billion,
amounting to 5.9 % of the entire Medicare budget [2]. Care
of vascular access accounts for over a billion dollars of this
expense annually.

To optimize VA care, procedural aspects of nephrol-
ogy have steadily evolved over the past decade. Despite
the concerted efforts of the nephrologists, surgeons, and
radiologists to deliver timely care, treatment delays per-
sist [3-5]. Endovascular procedures are increasingly
being performed by the “interventional” nephrologists
[6, 7]. The American Society of Diagnostic and
Interventional Nephrology (ASDIN) was founded in
2000 to fulfill this unmet need, and its published training
guidelines have generated a renewed interest among
nephrologists to master procedural skills in an effort to
reduce morbidity and improve quality of life in the dialy-
sis population [8, 9].
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12.2  Types of Vascular Access

The three principal forms of vascular access are native AV
fistulae, synthetic AV grafts, and tunneled cuffed hemodialy-
sis catheters.

12.2.1 AV Fistulae

AV fistulae are typically constructed with an end-to-side
vein-to-artery anastomosis between an artery and vein.
Creation of an AV fistula at the wrist was first described by
Brescia and Cimino [1, 10] (Fig. 12.1). The fistula with the
best outcome is the lower forearm radiocephalic (RCF);
however this access often fails to mature in the elderly
patient with underlying vascular disease, particularly in dia-
betics [11]. The next recommended site for fistula is the
upper arm brachiocephalic fistula (Fig. 12.2). This type of
fistula is being placed with increased frequency because of
the high failure rate of RCF or as a secondary AVF in patients
with failed forearm AV grafts [12]. Less commonly, native
fistulae are created between the brachial artery and basilic
vein, for which the basilic vein is usually mobilized laterally
and superficially to allow easier cannulation (transposed bra-
chiobasilic fistula) (Fig. 12.3) [13]. Radiocephalic native
vessel fistula is recommended as the first choice followed by
brachiocephalic and brachiobasilic fistula as the second and
third choice, respectively [14, 15].

Fistulae in the lower extremity, such as the superficial
femoral and common femoral thigh transpositions, are rare,
although adequate outcomes have been reported with good
patient selection [16].

AVF is the preferred dialysis access given their superior
longevity, fewer complication rates, cost-effectiveness, and
their salutary impact on patient outcomes have made them
the most “desirable” access for dialysis [12]. However, suc-
cessful creation of AVF requires patent and good-sized arter-
ies and veins, and despite creation of AVF, there is a high rate
of failure to mature that often requires more than one

83

DOI 10.1007/978-1-4614-8803-3_12, © Springer Science+Business Media New York 2014



84 R.Shah and A K. Agarwal

Fig. 12.1 Illustration for
radiocephalic arteriovenous
fistula (Brescia-Cimino) (With
permission from Vachharajani
(471

Fig. 12.2 Illustration for
brachiocephalic AV fistula (With
permission from Vachharajani
(47

intervention. AVF usually require a maturation period of 4—6  usually polytetrafluoroethylene (PTFE), between an artery
weeks prior to cannulation for dialysis. and vein [17, 18]. PTFE grafts are the second most preferred
form of permanent dialysis vascular access. They have the
advantage of being easier to create surgically, require a mat-
12.2.2 Synthetic Grafts uration time of only 2-3 weeks, and have a relatively large
cannulation area [19]. Unfortunately, PTFE dialysis grafts
When the location or condition of the native blood vessels is have a poor primary patency rate (50 % at 1 year and 25 % at
not adequate, a synthetic graft can be substituted. Synthetic 2 years) [20]. Aggressive preemptive monitoring and inter-
grafts are constructed by anastomosing a synthetic conduit, vention can result in a cumulative patency for PTFE grafts
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Fig. 12.3 Illustration for transposed Cephalic v.
brachiobasilic AV fistula (With g -~ P
permission from Vachharajani [47]) SIS S 00 T Teell /
Inset: “swing point” -
depicting the basilic = Basilic v.
vein mobilization from
the deeper location to
the superficial tunnel j
- } End-to-side
anastamosis

Fig. 12.4 Tllustration for
forearm loop graft (brachioce-
phalic) (With permission from
Vachharajani [47])

that matches the results for AV fistulae. This increase in
cumulative patency, however, requires a sixfold increase in
interventions (thrombectomies and angioplasties) [1].
Common graft locations and configurations are straight
forearm (radial artery to cephalic vein), looped forearm (bra-
chial artery to cephalic vein) (Fig. 12.4), straight upper arm
(brachial artery to axillary vein), or looped upper arm (axil-
lary artery to axillary vein). Thigh grafts (Fig. 12.5), looped
chest grafts, axillary-axillary (necklace), and axillary-atrial
grafts have also been reported [21, 22]. Many synthetic
materials other than PTFE have been used for construction of
graft. The use of autologous tissue-engineered vascular
grafts and drug-eluting grafts remains a subject of active

~1 7 Brachial a.

research and not widely used in the clinical practice at the
current time [23, 24].

12.2.3 Tunneled Cuffed Catheters

Tunneled cuffed catheters are dual-lumen catheters usually
composed of silicone or polyurethane composites. Catheters
are commonly placed in the internal jugular vein and tunneled
superficially to exit on the upper, anterior chest. Patency of
central veins should be confirmed with ultrasound prior to
insertion. Direct guidance with ultrasound is highly recom-
mended. The catheters are commonly positioned under fluo-
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Fig. 12.5 Illustration for thigh AV
graft (external iliac artery to femoral
vein) (With permission from
Vachharajani [47])

External
iliac a.

Femoral a.
Femoral v.

Fig. 12.6 Chest X-ray showing a right internal jugular split-tip tun-
neled dialysis catheter

roscopy such that the tip rests in the middle of the right atrium
when the patient is supine as it tends to move up with erect
posture (Fig. 12.6). The use of subclavian catheters should be
discouraged given high incidence of subclavian vein stenosis
with their use [15, 25]. The main advantage of using tunneled
dialysis catheter as dialysis access (>3 weeks) is that they can
be used immediately after placement [1]. However, these
catheters have many disadvantages including a significant
morbidity caused by thrombosis and infection, a substantial
risk of permanent central venous stenosis or occlusion, a far
shorter life span than with AV fistulae or PTFE grafts [26],
and relatively lower blood-flow rates resulting in inadequate

dialysis. There is a significantly negative impact of these
catheters on patient outcomes. Ideally, these catheters should
be used only as bridge catheters while an AV fistula matures
[1]. Every attempt should be made to limit the use of cuffed
tunneled dialysis catheters whenever possible [1].

12.3  Pre-dialysis Evaluation

Process of approaching vascular access begins long before
the patient is referred for the creation of access. With the
increase of comorbid conditions related to age and diabetes,
vascular problems are increasingly prevalent as evidenced by
progressive peripheral vascular, carotid, and coronary artery
disease [27]. Additionally, damage to the venous vasculature
occurs from numerous blood samplings, infusions, and intra-
venous lines during hospitalizations especially in patients
with advance chronic kidney disease (CKD). Venous dam-
age may thus occur even before the patient is referred to a
nephrologists or access surgeon, emphasizing the need for
timely nephrology referral along with the intensive strategies
for vein preservation in CKD patients (Fig. 12.7) [27]. The
KDOQI and NVAII recommend timely referral of CKD
patients to a nephrologist usually at stage 4 so that the educa-
tion for dialysis options including dialysis access evaluation
can begin [28]. Thus, the timing of access placement, prefer-
ably an AVF, and the process of patient evaluation are
extremely important for the successful use of vascular access.

12.3.1 Timing of AVF Creation

Creating the AVF well before it is required for dialysis allows
for this process to take place in an adequate fashion prior to
use. NKF-K/DOQI guidelines suggest that the patient be
referred for the creation of an AVF when the patient’s creati-



12 Approach to Arteriovenous Access

87

Fig.12.7 Well-preserved veins in the forearm and upper arm for creat-
ing a functional arteriovenous fistula (With permission from
Vachharajani [47])

nine clearance is at 25 mL/min or less, their serum creatinine
is 4 mg/dL or more, or within 1 year of anticipated need [29].
Early referral allows time for a second AV access attempt at
an alternative site in patients with failed first attempt of AVF,
without having to depend on tunneled dialysis catheter for
dialysis initiation [30].

12.3.2 Patient Evaluation Prior to Access
Placement

In order to determine the type of access most suitable for an
ESRD patient, a thorough physical examination along with a
focused medical history is imperative [30, 31]. Any scars
should be noted in the neck or upper chest region, since this
might suggest use of a previous central venous catheter
(CVC) or previous surgery and ensuing anatomical abnor-
malities [32]. Patient’s chest, breast, and upper arms should
be evaluated for the presence of swelling or collateral veins,
if present; they are strongly suggestive of central venous ste-
nosis. Both the size and anatomical characteristics of the
venous and arterial components of the AVF can affect the suc-
cess of AVF placement and maturation. Prior to AVF creation,
both arterial and venous evaluation must be conducted.

Arterial Evaluation

The feeding artery must be capable of delivering blood flow
at a rate adequate to support dialysis while simultaneously
not jeopardizing the blood flow to the hand and digits. There
are three important clinical features relative to the arterial
system for a successful AVF creation [33]. Firstly, the patient
should have less than 20 mmHg differential in blood pres-
sure between the two arms; a greater difference suggests the
presence of arterial disease that needs to be evaluated fur-

ther, before access placement. Secondly, the palmar arch
should be patent. The palmar arch can be tested for patency
using the Allen test [34]. The test has been criticized as being
unreliable given considerable inter-operator variation in per-
formance and interpretation, partly because of the subjective
nature. Use of either a pulse oximeter, to detect the pulse
wave, or a vascular Doppler, to evaluate pulse augmentation,
can increase the efficacy of the Allen test [35]. Failure of
palmar arch pressures to increase during this maneuver sug-
gests inadequate collateral circulation in the hand and pre-
dicts a higher risk for vascular steal if the dominant artery is
used for access creation. And lastly, the arterial lumen should
be at least 2 mm in diameter at the site proposed for AV anas-
tomosis, which can be determined using color flow Doppler.

Venous Evaluation
The cephalic vein is ideal for an AVF because of its location
on the ventral surface of the forearm and the lateral surface
of the upper arm, making it easily accessible for cannulation
with the patient in a sitting position [30]. Venous mapping
should be performed in all patients prior to the placement of
an access. Routine preoperative mapping results in a marked
increase in placement of AV fistulae, as well as an improve-
ment in the adequacy of forearm fistulae for dialysis [33, 36].
The main goal of venous mapping is to identify a cephalic
vein that is suitable for the creation of an AV fistula. In addi-
tion to a thorough physical examination, venous mapping
can be done by Doppler ultrasound and angiography study as
needed. During the physical examination, a blood pressure
cuff is inflated to a pressure about 5 mmHg above diastolic
pressure for no more than 5 min. Although in many patients
venous anatomy can be evaluated by physical examination
only, most surgeons prefer to get a detailed venogram per-
formed using either color flow Doppler ultrasound or angi-
ography prior to surgery. Color flow Doppler ultrasound is
considered to be the best method for visualizing the venous
anatomy primarily because it avoids the use of radiocontrast.
Optimum features on venogram for the creation of an AVF
are a luminal diameter at the point of anastomosis of 2.5 mm
or greater, a straight segment of vein, absence of stenosis,
and continuity with the proximal central veins [33].

12.4  Alternative Strategies for

Arteriovenous Fistula Creation

Use of nondominant arm is preferred as an initial AV access
site; however, if suitable anatomy is not found, the dominant
arm should be evaluated. In instances in which the cephalic
vein in the lower arm is not large enough to meet the size
criteria, consideration should shift to an upper forearm or
upper arm region [30]. If the cephalic vein is not deemed
suitable for the AV access placement, attention must be
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directed towards evaluation of basilic venous system. In
cases where a straight segment of vein suitable for cannula-
tion is not present, the novel vein transposition techniques
should be considered [37]. By this procedure, an otherwise
unsuitable forearm vein is identified, exteriorized and, trans-
posed to an optimal position on the volar surface of the fore-
arm. This technique has yielded a primary patency rate of
84 % at 1 year [30, 37]. If mapping reveals the presence of a
suitable but a deep vein, superficial transposition can yield a
usable fistula.

Factors Related to Successful
Fistula Use

12.5

Once a fistula is created, it must develop to the point that it
can be cannulated for successful dialysis. This requires an
adequate blood flow to support dialysis and physical charac-
teristics to permit for repetitive cannulation. Without ade-
quate inflow, the fistula will simply not develop. The issue of
repetitive cannulation involves characteristics that are often
referred to as “maturation.” For the most part, this relates to
its size, position on the arm, configuration, and depth. In
addition there are subjective elements including the feel of
the AVF by an experienced operator, which cannot be
quantified.

Robin et al. have shown that if fistula diameter was 0.4 cm
or greater, the likelihood it would be adequate for dialysis
was 89 % versus 44 % if it was less than 0.4 cm [38]. In addi-
tion, the chances that the fistula would be adequate for dialy-
sis were 84 % if the flow was 500 mL/min or greater but only
43 % if it was less than this level. Combining both the param-
eters, a minimum fistula diameter of 0.4 cm and a minimum
flow volume of 500 mL/min resulted in a 95 % chance that
the fistula would be adequate versus 33 % if neither of the
minimum criteria were met [38]. Of considerable interest
was the fact that experienced dialysis nurses had an 80 %
accuracy in predicting the ultimate utility of a fistula for
dialysis.

Evaluation at 30 days to detect problems with adequacy
has been recommended [39]. This practice is based upon the
observation that an AVF that did not appear to be adequate at
that time was generally not adequate at a later date. Studies
have suggested that there is no significant difference in fis-
tula blood flow in the second, third, or fourth month follow-
ing creation and that vessel diameter changes very little [40].
Given the fact that there is very little change in the fistula
blood flow or diameter after first month along with the find-
ing that that AVF maturation can be judged with high accu-
racy via physical examination, it is recommended that all
newly created AVF should be evaluated by an experienced
examiner at 4 weeks [30]. An angiographic study should be
performed for non-maturing or poorly mature AVF, so that a
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procedure to mature the AVF can be undertaken, if
necessary.

12.6 Assessment of AV Access by Physical

Examination

Physical examination of the AV access is easily performed,

is inexpensive to apply, and provides a high level of accuracy

[17, 41]. The examination of AV access — both AVF and

AVG - has the following essential components:

Pulse: A normal AVF should not be pulsatile. When a pulse
is felt, it is indicative of a downstream obstruction. The
severity of this obstruction is reflected in the strength of
the pulse.

Thrill: A thrill, or bruit, at the anastomosis is indicative of
flow. When feeling for the thrill (or listening to a bruit), it
is important to focus on both the diastolic and systolic
components [17]. Normally, a very prominent continuous
thrill is present at the anastomosis. A thrill at any point
other than the anastomosis is indicative of turbulence in
the flow, indicating a stenotic lesion at that point. With
stenosis, the diastolic portion of the thrill becomes short-
ened and will eventually disappear, leaving only the sys-
tolic component [18]. The thrill generated by a central
venous stenosis may be palpable in the axillary or subcla-
vian region, especially in thin-chested individuals.

Arm elevation: When the extremity is elevated to a level
above the heart, there should be collapse of the fistula, at
least partially. If stenosis is present at some point in the
fistula’s drainage circuit, then the portion of the fistula
distal (peripheral) to the lesion will stay distended while
the proximal (central) portion will collapse [17].

Pulse augmentation: If the body of the fistula is manually
occluded several centimeters from the anastomosis, the
pulse in the fistula distal to that point should become
hyperpulsatile. This maneuver is referred to as “checking
the pulse augmentation.” The degree of pulse augmenta-
tion is directly proportional to the arterial inflow pressure.
In a hyperpulsatile fistula, the degree of augmentation can
be used to gauge the degree of stenosis. Although this is a
subjective assessment, very useful information can often
be obtained from this evaluation, especially by an experi-
enced examiner.

When an abnormality is detected by physical examina-
tion, further diagnostic evaluation of the access should be
pursued. The development of an inflow or outflow stenosis
perpetually results in access dysfunction which can not only
cause inadequate dialysis but also culminate in access throm-
bosis with the risk of losing the access permanently. Further
AV access diagnostic testing can be accomplished by using
ultrasound imaging or angiography. If a lesion is detected, it
can be treated by percutaneous endovascular intervention
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with a high success rate [42]. The interventions include
angioplasty of a stenosis or ligation of an accessory vein and
are out of the scope of this chapter.

12.6.1 Special Considerations Related to AVG

Examination
AV graft examination entails the following additional points.

Detection of Direction of Flow

The direction of blood flow in an AVG can vary depending
upon the surgeon’s choice or due to the location of the suit-
able vessels. If the orientation of the dialysis needles does
not correspond to the direction of blood flow, a gross recircu-
lation is unavoidable. The blood flow can be determined eas-
ily by occluding the graft with the tip of the finger and
palpating on each side of the occlusion point for a pulse
(Fig. 12.8). The side without a pulse is the downstream side
of the graft, also referred to as a venous limb. The upstream
pulse will increase in intensity during the occlusion, also
known as the arterial limb. This should also be communi-
cated to the dialysis staff to ensure proper use of the AVG.

Detecting Recirculation

Recirculation occurs when the blood flow of the graft falls
below the rate demanded by the blood pump. This results in
varying degrees of reversal of flow between the needles
depending upon the severity of the recirculation [17].
Presence of access recirculation can be detected by simple
physical examination. To perform this maneuver, simply
occlude the graft between the two needles while patient is on
dialysis, and observe the venous and arterial pressure gauges
(Fig. 12.9). With a normal well-functioning graft, very little
or no change is observed in either the venous or arterial pres-
sure readings. If recirculation is secondary to outflow
obstruction (venous stenosis), the venous pressure will rise
since the lower resistance, recirculation route has been
occluded [17]. As pressure limits are exceeded, the alarm

Fig. 12.8 Detection of direction of flow in a graft. When the graft is
occluded, the upstream portion (A, arterial limb) continues to be pulsa-
tile while the downstream portion (V, venous limb) should be non-
pulsatile (Source: Beathard [17])
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Fig. 12.9 The technique of graft occlusion to detect recirculation
(Source: Beathard [17])

will sound and the blood pump will stop. The arterial pres-
sure may become slightly more negative as the pressure head
generated by the venous side is no longer transmitted given
the graft occlusion [17]. If recirculation is due to poor inflow
(arterial stenosis or insufficiency), arterial pressures with
become more negative as the blood pump demands more
blood than is available with the recirculation route cutoff. In
this instance, the venous pressure may remain unchanged
[17]. If the needles are too close together, this assessment
might not be possible.

Diagnosis of Venous Stenosis

Unfortunately, venous stenosis is a very common Occur-
rence. A strong pulse or a vigorous thrill is often mislabeled
as a good access with excellent flow rather than an abnormal
finding [18]. A well-functioning graft has a soft, easily com-
pressible pulse with a continuous thrill present only at the
arterial anastomosis. The normal graft has a low-pitched
bruit, which is continuous with both systolic and diastolic
components. With the development of significant venous ste-
nosis, downstream resistance is increased and the graft
becomes hyperpulsatile. The increase in the force of the
pulse within the graft proximal to the stenosis is noted and
may have a “water-hammer” character particularly in the
presence of severe stenosis [17]. Similar to the AVF exam, as
the degree of stenosis increases, the velocity of flow
increases, and the pitch of the bruit rises, and with severe
stenosis, the bruit is high pitched and only the systolic com-
ponent is audible.

The diagnosis of intra-graft stenosis is even more per-
plexing. Abnormal thrills are generally not present. In some
instances, it is possible to detect a change in pulsation within
the graft as one crosses the stenotic lesion, although this is
not a uniform finding and often the area distal to the stenosis
becomes pulseless [17]. Normally, if the outflow of the AVG
is manually occluded, there is considerable augmentation of
the pulse. In cases of diffuse intra-graft stenosis, this aug-
mentation does not occur [18]. The bruit does reflect the
hemodynamic changes characteristic of a stenotic lesion — it
is high pitched and of short duration.
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12.7 Secondary AV Fistula Creation

A SAVF is defined as an AVF that is created following the
failure of a previous access. Type 1 SAVF utilizes the out-
flow vein of a previous distal failing AV access. Since this
vein has been exposed to prolonged pressure and high flow,
it has already undergone the process of maturation. This
change makes these veins excellent candidate for the cre-
ation of an AVF when the primary access fails. In type 2
SAVEF, the fistula can be created anywhere other than the out-
flow vein of previous AV access, including a different
extremity. The main advantage of SAVF includes minimum
or no exposure to catheter.

A large percentage of patients with dialysis access dys-
function are excellent candidates for an SAVF. In one study,
for example, 74 % with a forearm loop graft had one or both
of the upper arm veins that appeared to be optimum for the
creation of an SAVF, based on the angiographic images [43].

To create an SAVF, the venous anatomy should be evalu-
ated preferably when the lower arm access is still functioning
and the veins of the upper arm are under pressure [44].
Although, vascular mapping is usually the first step, angio-
graphic studies are often performed. The 1-year patency rates
for SAVF are encouraging, with one study reporting the 1-year
patency rate for SAVF (58 %) although lower than that for
primary AVF (75 %), and are superior to the reported primary
patency of the synthetic grafts at 1 year (25-50 %%) [45, 46].

Conclusions

A functioning vascular access is the key to successful
management of a hemodialysis patient and can be culti-
vated by early nephrology referral, multidisciplinary col-
laboration among nephrologist, access surgeon,
interventional nephrologist/radiologist, and preferably a
vascular access coordinator. A nephrologist’s knowledge
and understanding of ESRD patients and their needs
demands them to attain a lead role in creating and main-
taining a functional AV access. Once the access is placed,
physical examination is the key to monitor access matura-
tion and should be a part of the standard care of dialysis
patients. Surveillance with access blood flow and venous
pressures should be used as an “adjunct” and should not
“substitute” for the monitoring by access examination
[17, 18]. Providing conscientious and high-quality access
care will lead to early identification and treatment of
access-related problems. In addition, it has a great poten-
tial to reduce morbidity, improve quality of life, and
reduce costs of health care in the dialysis population.
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