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Abstract

When making decisions regarding vascular access creation, the clinician and vascular access team must evaluate each patient
individually with consideration of life expectancy, timelines for dialysis start, risks and benefits of access creation, referral
wait times, as well as the risk for access complications. The role of the multidisciplinary team in facilitating access choice is
reviewed, as well as the clinical evaluation of the patient.

Abrégé

Au moment de prendre la décision de créer un accés vasculaire, le médecin traitant et I’équipe qui le soutient se doivent
d’évaluer chaque patient de fagon individuelle et tenir compte de plusieurs facteurs. Ces derniers incluent I'espérance de vie
du patient, I'’échéancier a respecter pour le démarrage de la dialyse, les risques et les avantages liés a la création d’un acces
vasculaire, les temps d’attente a prévoir pour la consultation, de méme que les risques de complications encourus a la suite
de la procédure. Ce chapitre évalue le role de facilitateur que joue I'équipe multidisciplinaire dans la prise de décision de

créer un accés vasculaire, de méme que I'examen clinique du patient.
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Arteriovenous Access Considerations

When making decisions regarding vascular access creation,
the clinician and vascular access team must evaluate each
patient individually, weighing issues such as life goals and
expectancy, timelines for dialysis start, risks and benefits of
access creation, referral wait times, as well as the risk for
access complications.

Patient Choice

Eligibility must be considered not only in physical terms (eg,
patient and vessel characteristics) but also in terms of patient’s
life circumstances, goals, and preferences. Ideally, the
patient’s decision should be based on an understanding of the
risk and benefit profile of the various access types in relation
to the patient characteristics.

Life Expectancy and Comorbidities

Vascular access selection is complex, and several patient
algorithms'* have been developed to assist in this selection of
the most appropriate type of vascular access. A young patient
with low comorbidity, appropriately sized vessels, a long life
expectancy on hemodialysis (HD), and sufficient time for mat-
uration prior to use should consider a fistula as the first access.

Patients with a shortened life expectancy or high comor-
bidity may be more appropriate for a graft or a catheter.
Some comorbidity, like severe heart failure or significant
peripheral vascular disease, may lead to negative patient out-
comes, reduce the success of arteriovenous creation, and/or
lead to increased risk of complications such as worsening
heart failure or ischemic steal.**

While most patients should be considered candidates for
arteriovenous access creation, the National Kidney Foundation
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Kidney Disease Outcomes Quality Initiative, KDOQI guide-
lines acknowledge that patients who are expected to live less
than 1 year are acceptable patients for chronic catheter use.’
For example, the median survival of patients 80 years old or
greater in the United States is 1.3 years.® Depending on the
judgment of the nephrologist, they may not be offered fistula
creation although a graft may be considered. Life expectancy
in the elderly may also be affected by a higher likelihood of
severe comorbidities such as metastatic cancer, severe con-
gestive heart failure, or severe vascular disease.

Despite these concerns in the elderly, it should be recog-
nized that fistula creation can be successful. Studies show
that fistulas created in the predialysis period in older patients
are used to start dialysis in approximately half of the patients,’
with many patients dying before needing dialysis. Primary
patency (time from access creation until the first access
thrombosis or any intervention to maintain patency®”) is gen-
erally less than 50% at 1 year. However, secondary (or
assisted) patency (time from access creation until access
abandonment) ranges from 75% to 92% in single-center
studies.'”'* Elderly patients may particularly benefit from
Doppler mapping and more lead time to facilitate maturation
prior to use. Claudeanos et al'* in a small study of patients
aged 80 years or older reported that the median survival after
fistula creation was 26 months and that 21% of dialysis time
was spent using a catheter. These results suggest that fistula
creation in the elderly can be successful, but patients should
be selected and monitored carefully.

Center Specific Variation

There appears to be variation in the prevalence of fistula use,
which is not directly related to patient characteristics. It is
likely that program factors, such as infrastructure and pro-
gram culture or philosophy regarding vascular access, impact
access choice and access placement.

Moist et al'* reported that prevalent catheter use in Canada
increased by 10% between 2001 and 2004. Prevalent catheter
use by province ranged from approximately 30% to 60%, and
the variation was not explained with adjustment for baseline
factors within the Canadian Organ Replacement Register.'*
Catheter use was strongly associated with mortality. Variation

of fistula use in US dialysis facilities, where on average 38%
of patients were dialyzing with a fistula, showed 7.1% of the
variation was attributable to the facility after case-mix
adjustment."

Suitable Vasculature

Patients require suitable vessels for arteriovenous access cre-
ation. Both fistula and graft maturation require an adequate car-
diac output (CO) to deliver required blood flow, an adequate
arterial conduit, adequate vein size and compliance, as well as
unobstructed outflow veins. Veins that are scarred or damaged
by previous intravenous catheters, central venous catheters
(peripherally inserted central catheter, [PICC] or traditional
ones), pacemakers, or cardiac implanted electronic devices
(CIED) can develop stenosis or occlusion of the cephalic and
basilic veins'® that prohibits arteriovenous access creation.

Timing of Arteriovenous Access Creation

The timing of arteriovenous access creation is complex.
Patients with chronic kidney disease, CKD have varying rates
of progression to end-stage kidney disease (ESKD) with
death as competing risk.'”'® ESKD risk equations use multi-
ple factors to predict risk of CKD progression and may assist
in the timing of access creation,' but whether their use in
clinical practice can improve patient outcomes has not been
reported. Predialysis arteriovenous access creation is compli-
cated and difficult to properly time, contributing to high inci-
dent use of catheters.

The earlier in the course of predialysis care a fistula is
created, the more time there is for the fistula to mature, but
also, the more likely it will not be used because of the com-
peting risks of death, lack of progression of kidney disease,
or failure of the fistula prior to use. Some guidelines recom-
mend evaluating patients for fistula creation at glomerular
filtration rate (GFR) of 15 to 20 mL/min/1.73 m” if they have
progressive kidney disease.”” The literature suggests that fis-
tulas are often created at much lower GFRs and therefore
may not be ready for use at the start of dialysis.*"** A recent
study in Ontario found the timing varied significantly with
only 40% of fistulas being placed in the 3- to 12-month
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window before the start of HD.'® De Silva et al also found
that 50% of elderly patients who had undergone predialysis
fistula creation required catheters to be placed to start HD.*
Grafts require a shorter maturation time than fistula: from 3
to 4 weeks after placement for a standard graft, to same-day
cannulation for an early-cannulation graft.

Impact of Primary Failure

Primary failure (see “Predictors of Primary Failure” section in
MacRae et al**) is an important consideration affecting access
recommendations and choice. Primary failure occurs when a
fistula either thromboses before its use or lacks suitability for
use on dialysis. There is no standardized definition, but it has
been defined by reliability of cannulation, adequate blood
flow on dialysis, appropriate clearance, and whether catheter-
free use is achieved. The rate of primary failure varies from
25% TO 60%,”**® which should be taken into account with
access decisions. Grafts have a much lower rate of primary
failure: from 12% to 20%"** (see “Key Relevant Arteriovenous
Access Patency Rates” section in MacRae et al**).

The Role of the Multidisciplinary Team
in Access Choice

Individualized, patient-centered planning for dialysis access
is the preferred model of care. Decision making requires
input from the multidisciplinary team, including the vascular
access nurse or nurse educator, nephrologist(s), surgeon(s),
radiologist(s), patient, and family members. The process
begins with timely referral to nephrologists and patient edu-
cation, followed by suitable investigations and interventions
in preparation for the desired dialysis access, including sur-
gical referral where appropriate. After access creation, the
multidisciplinary team coordinates evaluation, use, and
maintenance of the dialysis access. This is facilitated by reg-
ular and inclusive multidisciplinary communication.

Table 1 lists proposed roles for the multidisciplinary team.
Each can be performed in conjunction with other multidisci-
plinary team members. This will require center-specific
modification.

The role of the vascular access team is to advise the
patient on the options for vascular access. Considerations
for the type of vascular access should include the patient’s
comorbidities, vessel characteristics, patient preferences,
life circumstances, and goals as described previously.
Together with the patient, the vascular access team should
plan out the dialysis access lifeline options.

Evaluation for Arteriovenous Vascular
Access Creation

An adequate evaluation of the patient increases the likelihood
of a successfully created and functioning arteriovenous
access.” A patient evaluation should include history and phys-
ical examination and when needed, the appropriate vessel

imaging. Knowledge of vessel anatomy is an important
requirement for a vascular access preoperative assessment.
See Atlas of Dialysis Vascular Access: http://c.ymcdn.com/
sites/www.asdin.org/resource/resmgr/imported/atlas%20
0f%20dialysis%20access.pdf.

Vessel Anatomy of the Arm

A basic understanding of the anatomy of vessels utilized to
create the vascular access is crucial both for the preoperative
vascular access assessment as well as the proper handling
and care of an access during dialysis therapy.

e The venous system of an extremity includes superfi-
cial and deep veins. The superficial system is most
important for access creation.

e The superficial vein in the upper extremity that is pre-
ferred and most commonly utilized for fistula creation
is the cephalic vein.

e The radiocephalic fistula at the wrist is considered the
first choice HD access and utilizes the forearm seg-
ment of the cephalic vein (see Figure 1).

e The brachiocephalic fistula at the elbow utilizes the
upper arm segment of the cephalic vein and generally
is the second choice site for fistula creation.

e The other superficial veins in the forearm (the basilic
vein on the ulnar side and the median basilic vein near
the elbow) are occasionally used for fistula creation.

e The deep veins in the forearm are not ideal for fistula
creation. The deep veins in the upper arm are the bra-
chial and basilic veins that run parallel to the brachial
artery.

e The basilic vein in the medial aspect of the upper arm
is the most common deep vein utilized for fistula cre-
ation. The basilic vein is mobilized from its usual
location and transposed superficially through the deep
fascia in the upper arm to create the “transposed
basilic vein” fistula (see Figure 2).

e The brachial veins in the upper arm are used for dialy-
sis access as a last resort. The brachial veins and the
basilic vein join and continue as the axillary vein until
the outer border of the first rib. The axillary vein con-
tinues as subclavian vein from the outer border of the
first rib and extends to the sternal end of the clavicle.

e A graft made from synthetic material like polytetra-
fluoroethylene (PTFE) is used for access creation if
the native vessels are not suitable for creating a fis-
tula. The forearm loop, upper arm straight, and thigh
loop grafts are commonly used configurations for cre-
ating a dialysis access.

History and Physical Examination

To determine the type of dialysis access most suitable for a
patient, a general history and physical examination is required.
The patient’s history can be broadly categorized by their (1)
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Table I. Role of Multidisciplinary Team Members.

Team member

Role pre-creation

Role post-creation

Nephrologist

Surgeon/
interventional
radiologist or
nephrologist

Peritoneal and/
or vascular
access
coordinator

Patient and
family

Educate patients, often with the CKD educator regarding CKD
progression and RRT modality options

Educate patient re: choice of dialysis access based on clinical
circumstances (comorbidities, rate of progression)

Discuss risks and benefits of peritoneal catheter and hemodialysis
vascular access.

Provide timely referral to the surgeon and/or interventionist.

Evaluate re: choice of vascular access based on patient and vessel
characteristics (optimally, in conjunction with information
provided by the nephrologist regarding the patient’s anticipated
time to initiation of dialysis).

Discuss surgical and interventional risks and benefits for each
access with patient/family.

Facilitate communication between nephrologist, surgeon,
radiologist and patient/family.

Coordinate peritoneal dialysis or hemodialysis vascular access
management (eg, booking of diagnostic tests, communicates with
patient re: dialysis access appointments, etc).

Provide information about patient’s life circumstances (social,
occupational, cultural, spiritual, functional, etc).

Provide information about patient dialysis access preferences, life
goals, and concerns.

Ask questions to ensure they understand various dialysis access

Monitor, along with the Vascular Access
coordinator, the access after creation
for signs of complications and facilitate
interventions to maintain long-term
function.

Manage vascular access complications (eg,
catheter-related malfunction or infection
or fistula or graft complications?).

Create the vascular access and manage
immediate perioperative complications
including revisions as required.

Perform facilitative and/or corrective
procedures to attain and/or maintain
patency, eg, coil embolization,
angioplasty, thrombolysis.

Monitor patient’s dialysis access on a
regular basis and informs nephrologist
and/or surgeon/interventionist of
concerns.

Key “point person” for patient when
access issues arise.

Provide information regarding any changes
in life circumstances or preferences

options to their satisfaction.

Note. RRT = renal replacement therapy.

Brachial A-Cephalic V

Proximal Radial A-
Median Ante-brachial V

Radial A-Cephalic V
@ the wrist

Radial A-Cephalic V
@ the snuffbox

Figure |. Fistula creation.
Source. Modified from Spergel et al
Note. Typical sites for fistula creation in the arm are highlighted.

|'30

medical history, (2) current active medical issues, and (3) spe-
cific access-focused history. A patient’s medical history will
provide necessary details regarding the eligibility of a patient
for peritoneal dialysis (PD) or HD. For example, surgeries
affecting the peritoneum may contraindicate PD.

An HD access-focused history is unique and should be
performed each time a patient is assessed for a new HD
access. This history will provide insight for risk of

developing complications such as failure of a fistula to
mature or the development of steal syndrome, and may guide
the surgeon to pursue a preemptive intervention or to con-
sider an alternate access. An access history focuses on the
vessels, reviews the type and nature of previous vascular
procedures (eg, PICCs, CIEDs), and obtains previous access
creations or interventions required to facilitate or maintain
access patency and reason(s) for previous access loss). In
addition, a history of comorbidities such as heart failure with
low ejection fraction or unstable angina is important, given
the increased cardiac demands placed by an AV access.
The physical exam should include the following:

e Any physical evidence (scars) from a prior central
venous catheter
Swelling of collateral veins in the neck, arms, chest
CIED such as a permanent cardiac pacemaker. The
wires associated with these devices are a high-risk
factor for causing central vein stenosis.’ It is impor-
tant to avoid access creation ipsilateral to potentially
damaged central veins, as such may occur with trans-
venous pacemakers.

e Arterial evaluation to ensure adequate blood flow and
an intact dual blood supply to the hand. This includes
pulse examination (axillary, brachial, radial, and
ulnar), Allen test, and bilateral upper extremity blood
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Saphenous Vein
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Legend
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Black — cephalic or basilic vein

Figure 2. Atypical fistula creation.
Source. Modified from Spergel et al.*
Note. Atypical sites for fistula creation are highlighted.

pressure. A difference of 20 mm Hg or greater is sug-
gestive of subclavian artery stenosis in the lower pres-
sure arm.

e Vessel (vein and artery) mapping can be accomplished
using duplex ultrasonography and venography, but
mapping the extremity superficial veins should first
be attempted by physical exam.

e Vein anatomy, the anatomical course and continuity of
the vein is examined in both the forearm and upper
arms. Forearm vein anatomy can be augmented by
using a blood pressure cuff inflated to a pressure about
5 mm Hg greater than the measured arterial diastolic
pressure to dilate the veins. The blood pressure cuff
should be left in place for no more than 5 minutes at a
time. Other maneuvers, such as use of warm water
may be effective in dilating veins. Unfortunately, in
patients with obesity and deep veins, physical exami-
nation alone may be insufficient to view superficial
veins along the length of the arm.

Vessel Mapping

Vessel mapping® ™’ is associated with increased fistula cre-
ation’; however, a high primary fistula failure rate persists.’’
A meta-analysis®® did not demonstrate any increase in fistula

creation, maturation, or functional ability to be used for dial-
ysis with vessel mapping. The extent to which ultrasound
mapping is used varies by center and surgical expertise;
however, there is general agreement to use ultrasound map-
ping in patients who are at high risk for failure to mature and
those with obesity. Table 2 summarizes the criteria used for
suitable vein and artery anatomy in access planning.

It may be important to image the artery that will be used
for the creation of the fistula. If done, the presence of calcifi-
cation should be documented because this is thought to be a
risk for fistula creation and maturation.

Ultrasound does not completely image central veins;
where there is a high pre-test probability of stenosis, venog-
raphy is performed.

Venography

Venography provides a complete assessment of peripheral
venous patency and continuity with the central veins and
identifies central venous stenosis. Venography should be
considered in patients who have a history consistent with
central vein stenosis (by physical exam or history of cathe-
ters, PICCs or CIEDs). There is concern however over the
risk of contrast-induced acute kidney injury, so the volume of
dye is often minimized or carbon dioxide venography is
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Table 2. Evaluation for Arteriovenous Access Creation.

Vein anatomy

Artery anatomy Central vein anatomy

Physical exam
Compressible/distensible

Absent occluded segments
Length of vein sufficient for cannulation (=15 cm)
Straight vein segment
Superficial vein
Ultrasound
Absence of stenosis/synechiae (fibrous scars)
Absence of intraluminal webs
Continuity of outflow vein with central veins

Compliant

Palpable pulses
Difference of<20 mm Hg between arms
Patent palmar arch

Absence of stenosis
Normal flow and velocity waveforms
Diameter of artery >2 mm at site of

Absence of collateral veins on
chest or abdomen
Absent pacemaker

Absence of central vein stenosis

anastomosis

Diameter of vein >2.5 mm for fistula >4 mm for graft
Vein depth <I cm from skin surface

substituted in patients who are not on dialysis and in those
with residual kidney function.

Anatomy Features for Arteriovenous Access
Creation Evaluation

Various anatomy features that are used to evaluate patients
for arteriovenous access creation are summarized in Table 2.

Surgical Considerations for
Arteriovenous Access

Preoperative evaluation and surgical technique are particu-
larly important in facilitating vessel maturation and prevent-
ing primary failure. Formal training in access creation
improves vascular access outcomes: Surgeons who created
at least 25 fistulae during their training had a lower risk of
both primary and secondary fistula failure.*

Postoperative evaluation (ie, meticulous serial physical
exams), as well as the appropriate interventions, if neces-
sary (ie, angioplasty, thrombolysis, stenting), is critical in
treating primary and secondary failure. However, fistula
survival has been shown to vary with the number of inter-
ventions required to facilitate fistula maturation and func-
tion, with higher numbers of intervention being associated
with poorer fistula survival.*

Anesthesia Issues

Native fistulas can usually be constructed under local anes-
thetic. Transposed fistulas and grafts may require regional
nerve blocks or general anesthesia. The type of anesthetic
may impact on subsequent vessel dilation and maturation.
Brachial plexus blocks result in larger diameter vessels at the
time of surgery and in the subsequent fistula for 8 weeks
after surgery as compared with fistula created with general

anesthetic*' in a small randomized trial. Whether regional
nerve block results in improved fistula maturation and use is
unknown. A larger randomized trial to determine the effect of
brachial plexus block on vessel vasodilation and subsequent
primary failure and fistula patency is currently underway
(Clinical trials: NCT01706354).

Surgical Factors

The surgical angle of anastomosis of the artery to the vein is
likely an important determinant of fistula maturation. It
appears that the angle of the anastomosis also affects wall
shear stress; more acute anastomotic angles promote neointi-
mal hyperplasia and subsequent stenosis formation.*
Observational data suggest that the type of material used to
create the anastomosis may impact access outcomes with
vascular clips (vs sutures) having superior primary
patency.”* Intraoperative blood flow of less than 120 mL/
min determined at the time of anastomosis appears to be pre-
dictive of primary failure in a study cohort.*

Hemodynamics of Fistula Creation

Arteriovenous Vessel Remodeling

Creating an anastomosis between an artery and a vein sets in
motion a complex biologic process of vascular remodeling
that hopefully results in a mature fistula.

The first step is appreciating the physiologic changes that
result from fistula creation. The typical arterial flow in the
radial and brachial artery prior to creation is approximately
25 mL/min and 50 mL/min, respectively. The typical flow in
the cephalic vein is 28 mL/min with shear stress of 5 to 10
dyne/cm.>*® After the fistula is created, blood flow rapidly
increases 10 to 20 folds.*”** Typically, fistulas attain 40% to
60% of maximal blood flow within 1 day of creation, and
maximal blood flow is approached within 4 weeks.
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Figure 3. Hemodynamics of fistula creation.

The cardiac output increases in response to baroreceptor-
induced changes (see “Cardiac Hemodynamic Changes With
Arteriovenous Access Creation” section). This dramatically
increased pressure and flow in the vein causes increased shear
stress (~24.5 dyne/cm?), which is sensed by the endothelial
cells. Although the exact pathways are not fully understood,
mediators such as nitric oxide and metalloproteinases are
important to induce vasodilation, vein wall thickening, and
vascular remodeling.*” The goal of this vessel dilation and
remodeling is to reduce pressure and shear stress in the vascu-
lar system to accommodate the increased flow from the fis-
tula. For example, the diameter of the cephalic vein at the
wrist typically increased from 2.3 to 3.2 mm to 5.8 to 6.6 mm
after creation, and shear stress is reduced to approximately 10
dyne/cm’ 2 to 3 months after fistula creation.*®

Not all studies show that vein size correlates with matura-
tion, but in general, cephalic vein diameter greater than or
equal to 2 to 2.5 mm at the wrist and greater than or equal to
4 mm at the elbow is considered acceptable.”>” Upper arm
fistulas are more likely to mature, as are fistulas in men. An
ongoing multicenter study funded by the National Institutes
of Health (NIH) will be instructive as it will be looking at
measures of vascular function (flow-mediated nitroglycerin-
mediated brachial artery dilation, carotid-femoral and
carotid-radial pulse wave velocity, vein compliance)’’ as
well as the traditional predictors of maturation. Vein seg-
ments will also be sampled during fistula creation for struc-
tural, cellular, and molecular markers including baseline
measurement neointimal hyperplasia.

Cardiac Hemodynamic Changes With
Arteriovenous Access Creation
Fistula creation results in cardiac hemodynamic changes that

are characterized by a hyper-dynamic circuit. Upon anasto-
mosis of a high-pressure artery to a low-resistance vein, there

is an immediate increase in blood flow and a decrease in sys-
temic vascular resistance. The transient decrease in blood
pressure, caused by fistula creation, decreases carotid barore-
ceptor activity, which inhibits the vagal nerve and increases
the sympathetic activity (Figure 3). The increased sympa-
thetic activity has multiple effects: an increased heart rate,
increased contractility, and a decrease in vein capacitance (via
increased vein tone). Both the increased contractility and
decreased vein capacitance produce an increased stroke vol-
ume, which along with the higher heart rate causes an increase
in cardiac output. The vasoconstriction of veins is equivalent
to an increase in the blood volume of the circuit.’”

Studies consistently show an increase in the cardiac out-
put by 15% to 20% after fistula creation.”>* In addition,
there is a significant increase in both atrial natriuretic peptide
(ANP) and brain natriuretic peptide within 2 weeks of fistula
creation reflecting increased left atrial (LA) and left ventricle
(LV) stretch from the increased volume state. The increase in
ANP has been correlated to the increase in cardiac output.™
Echocardiographic changes support the concept of an
increased blood volume with increased inferior vena cava
diameter, increased LA size, and increased left ventricle end
diastolic volume (LVEDV) and dimension (LVEDD) 1 week
after fistula creation. Similar echo findings are seen on the
right heart with increases in right ventricle end diastolic
dimension (RVEDD).**

A prospective magnetic resonance (MR) study among
CKD stage 5 patients demonstrated significant increases in
LA size, LVEDV, LV mass, and cardiac output at 6 months
after fistula creation.” However, interpretation of these find-
ings must be tempered by the lack of a control group, which
makes it difficult to separate the effect of a progressive
decline in kidney function (and subsequent volume over-
load) from the effect of fistula creation.

The presence of an arteriovenous access is thought to
lead to LA and LV remodeling. In fact, LV hypertrophy
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(LVH) is an adaptive response to the increased cardiac
workload imposed by the access. Reverse modeling, with
LVH regression and LV cavity size decrease, is consistently
demonstrated in transplant patients with fistula ligation. A
cardiac MR study showed significant decreases in both LV
and RV cavity size as well as cardiac output with fistula
ligation.”®

Right Ventricle Remodeling and Pulmonary
Hypertension

Given the interdependence of the LV and RV, it is not sur-
prising to see corresponding changes in the right heart with
fistula creation. Similar to the increase in LV workload,
there is an increase in RV systolic performance as well as
increased right atrial size and RVEDV.” The increase in
blood volume as well as the increased RV performance may
lead to increased pulmonary flow and possibly increased
pulmonary pressure resulting in pulmonary hypertension.
There may be a relationship between the degree of pulmo-
nary hypertension and the age and flow rate of the fistula.”’

The systolic pulmonary artery pressure (PAP) is deter-
mined by the cardiac output as well as the pulmonary vascu-
lar resistance. Pulmonary hypertension, which occurs when
the PAP exceeds 30 mm Hg, can be defined as mild (<45 mm
Hg), moderate (45-65 mm Hg), or severe (>65 mm Hg’®).
Overall, the prevalence of pulmonary hypertension in HD
patients is estimated to be approximately 40%.”’ The mecha-
nism is postulated to be chronic vasoconstriction in the pul-
monary vascular bed from an imbalance of endothelin (ET-1)
and nitric oxide. Fistula creation may be associated with
endothelial dysfunction in the pulmonary circuit,”® which
may promote pulmonary hypertension.

Not all studies support the concept that fistula creation
promotes pulmonary hypertension. Unal et al’® found that
fistula creation had no significant effect on the development
of pulmonary hypertension, and they found no correlation
between access flow and pulmonary hypertension.
Furthermore, the prevalence of pulmonary hypertension
increases as GFR declines among CKD patients, possibly
reflecting the tendency to increased volume overload with
progressive loss of kidney function.”’

The hemodynamic changes associated with graft place-
ment are less pronounced than those with fistula creation.
The resistance properties of a graft are higher than those of a
fistula and thus the immediate impact on cardiovascular
remodeling is postulated to be different.

Cardiac Remodeling and Patient Selection

Fistula creation is associated with cardiac hemodynamic
effects that are generally well tolerated. However, based on
the expected physiology of an increased demand on cardiac
output, some nephrologists consider severe heart failure as a
relative contraindication to fistula placement. For those

patients with a significant cardiac history, a lower flow fore-
arm access is expected to have a lower increase in cardiac
output®' and may be a preferred approach (see “Access Flow
and Heart Failure” section in MacRae et al®?).

Clinical Evaluation of Fistula
Maturation

The maturation status of a fistula is primarily assessed clini-
cally. The factors required for adequate maturation include
an appropriate blood flow and diameter and adequate vein
length for cannulation. The presence of a palpable, soft, con-
tinuous thrill and a biphasic bruit at the anastomosis implies
that the flow is adequate.”” The vessel should be easy to pal-
pate, easy to compress, and should collapse with arm eleva-
tion (indicating no central vein stenosis). There should be no
indications of stenosis (eg, swelling of the arm), obvious col-
laterals, or signs of steal.”’

KDOQP’ has established simple “rules of 6°s” for the
determination of a mature fistula. Six weeks after creation,
the flow of a fistula should be 600 mL/min, fistula diameter
should be 0.6 cm, fistula depth should be less than 0.6 cm
below the skin, and the fistula should have at least 6 cm of
straight segment for cannulation. However, these numbers are
not based on direct evidence. Robbin et al®* conducted an
observational study in 69 patients who underwent ultrasound
determination of fistula flow and diameter at months 2 and 4
post creation. Fistulas with a diameter greater than 0.4 cm or
flow greater than 500 mL/min successfully supplied adequate
blood flow for hemodialysis. If both flow and diameter crite-
ria were combined, this further increased the predictive value
of successful dialysis use to 95%. In addition, this study found
that an experienced nurse could predict fistula maturity and
suitability for dialysis with 80% accuracy. The authors also
showed that there was no difference in the flow rates or fistula
diameter at month 4 compared with month 2. Therefore, a
routine maturation assessment should be obtained by month 2
in order to assess for appropriateness for cannulation.

Aspects of Cannulation

Cannulation technique is an important aspect of long-term
AV access patency. Each blood vessel puncture may incite
local trauma and subsequent venous neointimal hyperplasia
and stenosis formation.®> Over time, repeated punctures in
the same area result in vessel wall weakness with subse-
quent aneurysm.®® Furthermore, needle infiltration (esti-
mated to occur in approximately 35% of cannulations
[Charmaine Lok MD MSc, personal written communica-
tion]) produces a hematoma, which is itself associated with
an increased risk of fistula thrombosis®’ and access loss.
Thus, every HD program should ensure that nurses are ade-
quately trained with respect to knowledge and skills, and
that they maintain their skills through continuous practice.
Considering the importance of cannulation for AV survival,
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programs need to ensure adequate support and dedicated
time to allow for AV access education with focus on assess-
ment and cannulation.

Needle Technique Options

There are 3 types of needle technique that are in use: area
wall, rope ladder, and buttonhole. Area wall refers to nee-
dling the same section of the fistula or graft, which over time
can lead to aneurysm growth. Parisotto et al®® showed that
the highest risk of access failure is associated with this can-
nulation, and therefore, this technique should be avoided.
Rope ladder, the recommended needling technique, refers to
the rotation of needle sites in a ladder formation along the
entire length of the fistula or graft. Buttonhole, only used in
fistula, refers to needling at the same site over the course of
6 to 9 sessions with a sharp needle, which, over time, forms
an epithelialized track of tissue in which blunt buttonhole
needles can then be inserted. Buttonhole needling is contra-
indicated in grafts.

The buttonhole technique, first described in 1977,% gar-
nered a great deal of enthusiasm due to reported reduction in
pain with needling and reduced aneurysm growth seen in
observational studies. More recently, randomized trials dem-
onstrate no difference in pain’®’ with needling and conflict-
ing results on fistula survival.”>”* Vaux’® demonstrated
significantly better access survival at 1 year with buttonhole
(100% vs 86% access survival, P = .005) with no increased
infection risk while MacRae” showed no difference in
access survival but significantly increased risk of Staphy-
lococcus aureus infections with buttonhole technique (inci-
dence rate ratio [RR], 63; 95% confidence interval [CI],
22-180; P < .001). The main difference between the trials
was the technique to create the buttonhole track: repeated
sharp cannulation in the MacRae trial (which was associated
with significant difficulty) and the use of a biohole polycar-
bonate peg in the Vaux trial. The reader is referred to Atkar
et al” for a summary of the trial design and outcomes of the
randomized buttonhole trials.

The main concern with buttonhole needling is the
increased infection risk, especially for S aureus bacteremia.
Further evidence on this question is provided by a systematic
review of 15 buttonhole (4 randomized, 11 observational)
studies of more than 1600 patients which found an increased
risk of infection with buttonhole compared with rope ladder
techniques (RR, 3.18; 95% CI, 2.12-4.77).” Wong et al,’®
although unable to quantify a risk of infection due to hetero-
geneous definitions, did report a trend to increased infections
with buttonhole in a meta-analysis of 5 randomized and 18
observational studies. Canadian Society Nephrology guide-
lines recommend use of topical antimicrobial prophylaxis for
buttonhole technique’” (very low quality of evidence using
the Grading of Recommendations Assessment, Development
and Evaluation, GRADE criteria). Given the increased infec-
tion risk with buttonhole cannulation, this technique should

be considered only when there is consistent application of
cannulation protocols including the use of face mask, skin
disinfection with chlorhexidine-alcohol, and regular tech-
nique audits for both staff and patients who self-needle.

Potential advantages of buttonhole include a reduction
in aneurysm growth™”® and fewer hematomas.”""
Indications for buttonhole include a fistula with only a
short length for cannulation that would otherwise be aban-
doned, fistula with aneurysm, or in a home dialysis patient
with fear of needling despite teaching. Given the high risk
of S aureus infection, mechanical heart valves or indwell-
ing implanted devices are contraindications. Readers are
referred to http://www.ishd.org/7-the-care-and-keeping-of-
vascular-access-for-home-hemodialysis-patients for details
on cannulation techniques.

Impact of Needle Size and Direction of
Placement

The needle gauge and direction of needle placement impact
the flow dynamics in the blood vessel. Studies have shown
that the needle alters fluid dynamics for up to 10 cm down-
stream of the vessel with a change in wall stress and turbu-
lent flow.”™ The change to turbulent flow is associated with
decreased nitric oxide production and decreased nitric oxide
release from endothelial cells.”” Smaller gauge needles may
incite less vessel wall trauma but have higher blood flow
velocity which may alter shear dynamics."'

It is generally recommended for the venous needle to be
placed in the antegrade position, in the same direction as the
blood flow. Antegrade needle placement reduces hematoma
formation and reduces the tendency for pseudoaneurysm
development upon needle withdrawall®* and may be associ-
ated with improved access survival according to observa-
tional data®® (see “Infiltration” section). Recent flow dynamic
studies show that retrograde arterial needle placement is
associated with positive flow dynamics.*'

The optimal blood pump speed is unknown; however,
there is an association between higher pump speed and sub-
sequent AV access loss.*® Most programs will initiate nee-
dling at a low pump speed with the smallest gauge needle
and slowly advance to a speed that will permit adequate
clearance in a reasonable time frame.

What About Other Features of Needling
Technique?

Tourniquet use. This is a technique used to increase dilation
of the blood vessel and stabilize the site, which may improve
the successful needle placement and minimize infiltrations.
In addition, the tourniquet may minimize pain. A multina-
tional observational study® showed that use of a tourniquet
at the time of cannulation is associated with improved access
survival as compared with patient compression of the fistula
at the time of cannulation.
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Bevel up. There is some uncertainty regarding the placement
of the needle bevel. Some recommend placing the bevel down
in order to prevent the tip of the needle from piercing the back
wall and causing an infiltration. Rotating or flipping the nee-
dle should be actively discouraged due to the potential trauma
to the vessel.*! In the absence of direct evidence, readers are
recommended to follow their unit-specific protocols.

Use of ultrasound to assist with needling. Ultrasound is a tool
to assist with cannulation, but it requires specialized skill and
training. It can be helpful to improve visualization of the ves-
sel, identify depth, determine the diameter, highlight possi-
ble areas of stenosis, identify location of valves, and diagnose
other complications such as hematomas and pseudoaneu-
rysms. Many nurses may find this device initially awkward
to use until familiarity develops. Teaching and mentorship
programs should be established if ultrasound is used.

Steel versus Teflon needle use. Steel needles are most com-
monly used in North America due to cost. Teflon needles (also
called angiocatheters) may be used and can be considered for
new or fragile arteriovenous access and are frequently used for
nocturnal® or restless patients with frequent movement. How-
ever, there is no evidence to preferentially support the use of 1
type of needle. Cannulating with a Teflon catheter has a differ-
ent technique than a steel, and nurses should be trained how to
cannulate successfully using this type of needle.

The cannulation of an AV access is a skill that deserves
careful attention and adequate staff resources to facilitate. The
following links include details on cannulation technique:

http://www.ishd.org/7-the-care-and-keeping-of-
vascular-access-for-home-hemodialysis-patients

http://esrdncc.org/ffcl/change-concepts/change-con-
cept-8/cannulation-of-the-av-fistula/

http://www.bcrenalagency.ca/resource-gallery/
Documents/Rope%?20Ladder%20Cannulation%200%20
Fistulas%20and%20Grafts%20Guideline 0.pdf

Infiltration

Often referred to as a “blow,” infiltration occurs when the
needle has been dislodged from inside the fistula or graft
during needle insertion or during a dialysis treatment. It
occurs when the tip of the needle slips out of the fistula,
passes through the wall of the fistula allowing blood to infuse
into the surrounding tissue due to poor hemostasis. Risk fac-
tors include cannulator experience, immature fistulas, deep
vessel depth, stenotic accesses, hastened hemostasis, antico-
agulant therapy, peripheral arterial and vascular disease, and
age.”” Every infiltration is associated with an increased risk
of interventions including prolonged catheter dependence.”’

An infiltration is often associated with pain, warmth, and
bruising on examination. The bruise can be quite extensive
and involve the entire arm and even track into the thoracic
region. Often the bruit is abnormal and the fistula is firm to

the touch. Mild infiltrations are best treated with repeat
20-minute applications of ice packs for the first 24 hours fol-
lowed by a warm compress. It is best to avoid the affected
area when cannulating. Severe infiltrations may require a
temporary HD catheter in order to rest the access until the
swelling and bruising dissipate.

Summary

e Patients should undergo careful assessment by the
vascular access team to determine if they are eligible
for AV access creation.

e Potential candidates should have further evaluation by
a surgeon who may also wish to perform Duplex US
venous * arterial mapping to determine eligibility.
Venography is used for concerns of central vein
occlusion.

e Eligible candidates should be offered fistula creation,
but the nephrologist should carefully consider base-
line comorbidity and anatomical and other relevant
factors, and the risks of the procedure should be
clearly explained to the patient. The final decision to
proceed with arteriovenous access creation should be
made by a multidisciplinary team (nephrologist, sur-
geon, vascular access nurse) and the patient/family.

e An individualized approach that takes into consider-
ation the patient’s chronologic and physiologic age,
comorbidities, anatomic factors, and patient concerns
is suggested.

o Fistula creation decreases baroreceptor activity, which
results in a series of events that increases cardiac
output.

e Over time, fistula creation is associated with cardiac
remodeling and LV hypertrophy.

e [tisunclear if creation of a fistula facilitates the devel-
opment of pulmonary hypertension.

e Cannulation technique impacts access survival; infil-
tration and subsequent hematoma are associated with
increased risk of access thrombosis.

e Areca wall technique should be avoided as it leads to
aneurysm formation.

e Buttonhole is associated with increased risk of infec-
tion; measures should be in place to counteract this
risk, including the use of topical antimicrobial
prophylaxis.

e The optimal needle gauge and blood pump speed are
unknown.
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