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PREAMBLE
The membership of the Society of Interventional Radiology (SIR)
Standards of Practice Committee represents experts in a broad
spectrum of interventional procedures from both the private and the
academic sectors of medicine. Generally, Standards of Practice Com-
mittee members dedicate the vast majority of their professional time to
performing interventional procedures; as such, they represent a valid
broad expert constituency of the subject matter under consideration for
standards production.

Technical documents specifying the exact consensus and literature
review methodologies as well as the institutional affiliations and profes-
sional credentials of the authors of this document are available upon
request from SIR, 3975 Fair Ridge Dr, Ste 400 North, Fairfax, VA 22033.

METHODOLOGY
SIR produces its Standards of Practice documents using the following
process. Standards documents of relevance and timeliness are con-
ceptualized by the Standards of Practice Committee members. A
recognized expert is identified to serve as the principal author for the
standard. Additional authors may be assigned depending on the
magnitude of the project.

An in-depth literature search is performed using electronic
medical literature databases. Then a critical review of peer-reviewed
articles is performed with regard to the study methodology, results, and
conclusions. The qualitative weight of these articles is assembled into

an evidence table, which is used to write the document such that it
contains evidence-based data with respect to content, rates, and
thresholds.

When the evidence of literature is weak, conflicting, or contradictory,
consensus for the parameter is reached by a minimum of 12 Standards of
Practice Committee members using a Modified Delphi Consensus Method
(Appendix A). For purposes of these documents, consensus is defined as
80% Delphi participant agreement on a value or parameter.

The draft document is critically reviewed by the Revisions
Subcommittee members of the Standards of Practice Committee, either
by telephone conference calling or by face-to-face meeting. The finalized
draft from the Committee is sent to the SIR membership for further
input or criticism during a 30-day comment period. These comments are
discussed by the Subcommittee, and appropriate revisions are made to
create the finished standards document. Before its publication, the
document is endorsed by the SIR Executive Council.

INTRODUCTION
Percutaneous endovascular interventions have been widely used and
proven as the standard of care in the management of dysfunctional
dialysis access and as an effective alternative compared with similar
surgical interventions. This document provides an update on key topics
relevant to endovascular management of thrombosed or dysfunctional
dialysis access since the first SIR guidelines published in 2003 (1).
Review of this document will allow the reader to become familiar with
the benefits of the National Kidney Foundation (NKF) Kidney
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Disease Outcomes Quality Initiative (KDOQI) guidelines as they relate
to dialysis access (2). Also reviewed is the current assessment of dialysis
access using a spectrum of invasive and noninvasive tests as well as
indications and contraindications to percutaneous intervention and
their success and complication threshold rates.

A well-functioning and reliable vascular access is a vital compo-
nent in the optimal care of hemodialysis-dependent patients with end-
stage renal disease. Long-term hemodialysis access is most commonly
secured through the creation of an arteriovenous fistula (AVF) or an
arteriovenous graft (AVG). There are advantages and disadvantages
for both types of access. An AVF is usually preferred given higher
cumulative patency rates and lower associated morbidity and mortality
rates relative to an AVG (3). However, 30%–60% of AVFs may fail to
mature or thrombose (4,5).

There is a positive correlation between the duration and frequency
of hemodialysis and patient morbidity and mortality (2,6). All
hemodialysis accesses inevitably fail with time (7). Restoration of
thrombosed and dysfunctional hemodialysis access can be achieved
with image-guided percutaneous interventional procedures, surgery, or
a combination of these methods (2,8). Endovascular management has
replaced open surgery as the first line of therapy for dysfunctional and
thrombosed dialysis accesses where possible (9).

Multidisciplinary care and maintenance of hemodialysis access
are critical in achieving optimal patient outcomes (3). All interventions
in hemodialysis patients should be planned and executed with the aim
to preserve an individual patient’s finite usable arterial and venous
segments (access sites) for establishing future arteriovenous accesses. A
number of percutaneous image-guided interventions are used in the
management of dysfunctional hemodialysis access (AVG and AVF),
including pharmacologic thrombolysis, mechanical thrombectomy,
balloon angioplasty, stent or stent graft placement, or a combination
of these methods (10–17).

To prevent adverse outcomes, NKF KDOQI guidelines suggest
routine performance of the following: (a) monitoring the access with
physical examinations; (b) periodic surveillance using invasive and
noninvasive methods to measure blood access flow rate (Qa), dialysis
venous pressure, and access recirculation (AR); and (c) diagnostic
imaging (Doppler ultrasonography and fistulography) when an abnor-
mality is detected (2,18). Computed tomography angiography or
magnetic resonance angiography may be indicated when there is
suspicion for an arterial steal syndrome or an inflow lesion, depending
on a patient’s allergy to contrast medium (19). The potential
weaknesses of the aforementioned surveillance paradigm include (i)
lack of accurate and reliable screening methods to predict thrombosis,
(ii) questionable benefits and potential harms of the preventive
interventions (eg, angioplasty promoting neointimal hyperplasia), and
(iii) limited current evidence regarding recommendations on specific
thresholds for interventions (20–22). The most efficient and beneficial
surveillance strategies for reducing access thrombosis and increasing
vascular access survival are still debated (18,20,23).

Physical examination can be helpful in assessing access dysfunc-
tion (24,25). Up to 90% of patients with an abnormal physical
examination have a significant abnormality on imaging (24–26).
Patients are referred for further diagnostic work-up and therapeutic
interventions if a trend is documented on subsequent assessments (21).

Imaging assessment of an access can be performed using ultra-
sound and/or fistulography (27,28). Doppler ultrasonography is an
accurate tool for identifying the presence, location, and severity of
access stenosis, but it is not sensitive and specific enough to reliably
quantify access flow (27,29,30). Doppler ultrasound is also useful in
determining causes of a nonmaturing AVF and can be used to guide
endovascular interventions (31,32).

Fistulography facilitates detailed imaging of the entire hemodial-
ysis circuit including the central veins and is commonly performed with
iodinated contrast material (28). Carbon dioxide can be used in
patients with severe contrast allergy or diminished renal function
(33). However, carbon dioxide fistulography is less reliable in
delineating the veins, can overestimate the degree of a stenosis, and

should be performed with caution, as it may reflux into the cerebral
arteries and cause stroke (34). Even in patients with advanced chronic
kidney disease, the hemodialysis circuit can be evaluated using small
contrast volumes with a low incidence of contrast-induced nephropathy
(35). Given the increased risk for nephrotoxicity and nephrogenic and
systemic fibrosis as well as the potential for accumulation in various
tissues in patients with chronic renal disease, the use of gadolinium as a
contrast agent for fistulography is not considered safe (36,37). When
the degree of stenosis is difficult to ascertain based on fistulography, a
pull-back pressure measurement or catheter-based blood flow measure-
ment can be obtained, although there is no consensus in the literature
as to what gradient or blood flow rate indicates a hemodynamically
significant venous stenosis (38,39).

Dialysis circuit blood flow measurements may be useful in pro-
viding more accurate quantitative hemodynamic information (40,41).
Qa has close correlation with inflow stenoses in AVFs; however, its role
in AVGs is controversial, as a decline in access flow can be minimal
until a high degree of stenosis develops (22,42,43). Many Qa thresholds
have been proposed in the screening for AVF dysfunction. NKF
KDOQI Guidelines recommend AVF intervention if Qa is o 450–500
mL/min (2). A ratio of venous access pressure to mean arterial pressure
4 0.55 has been shown to be reliable for the detection of outflow
stenoses in AVGs (44,45). The venous access pressure-to-mean arterial
pressure ratio may show lesser variation in an AVF while a stenosis is
developing because of collateral pathways that provide alternative
routes to bypass outflow stenoses. The roles of new functional
endpoints in assessing hemodialysis access function, such as resistive
index and pressure drop coefficient, are not yet established (46,47).

Thrombolysis, thrombectomy, and balloon angioplasty are com-
monly used techniques to restore circuit patency and salvage immature
fistulae (48–50). Preferably, early identification and intervention of
thrombosed hemodialysis circuits to restore access should be attempted
within 24–48 hours when possible (10,51,52). Newly established
fistulae, upper arm AVFs, long segment outflow venous stenoses,
multiple stenoses or occlusions or being elderly or diabetic is associated
with reduced primary patency after angioplasty (53,54). For AVF
stenoses and graft-to-vein anastomotic stenoses resistant to
conventional-pressure or high-pressure balloon angioplasty, some
studies have concluded that cutting balloon angioplasty may result in
higher primary and secondary patency rates (55,56), although another
study found that primary patency rates of AVF stenoses after
intervention were not improved in patients treated with cutting balloon
versus high-pressure balloon angioplasty (57).

In certain cases, stent or stent graft placement is required to
achieve patency in dialysis circuits (58,59). NKF KDOQI guidelines
recommend limiting stent use to specific conditions, such as elastic
recoil after angioplasty, recurrent stenoses, and procedure-related
complications including grade 2 and 3 hematomas (2,60). Most vessel
ruptures after angioplasty can be successfully managed with balloon
tamponade alone (61).

Several stent grafts are approved by the US Food and Drug
Administration and may be advantageous over balloon angioplasty for
treating venous graft anastomotic stenoses as well as achieving primary
patency of dialysis circuit stenoses (58,62–65). Stent grafts also provide
better primary patency rates compared with angioplasty alone in
treating cephalic arch stenosis (63). The benefits of using stent grafts
in restoring hemodialysis circuit patency should be weighed against the
risk of loss of usable arterial and venous segments for establishing
future arteriovenous accesses and other potential complications of stent
grafts, such as stent kinking, stent crushing, and stent strut protrusion
and stent migration (66,67). Some studies have described graft infection
as another complication of treating AVG pseudoaneurysms with stent
grafts, requiring surgical revision (68,69).

Reduction of hemodialysis circuit patency is most commonly
caused by venous intimal hyperplasia (70), which may be the result of
several upstream events, such as surgical trauma at the time of access
creation, inflammation, uremia, hypoxia, hemodynamic shear stress,
and vessel wall injury from needle punctures, as well as downstream
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events, including cellular mechanisms leading to increased leukocyte
proliferation, smooth muscle cell migration from the media to the
intimal layer, and eventual stenosis (71,72). Despite advances in the
understanding of the pathogenesis of neointimal hyperplasia, the role
and efficacy of adjunct interventions, such as drug-eluting balloons and
stents, systemic pharmacologic agents, perivascular drug therapies, and
cellular and gene therapies in treating dysfunctional hemodialysis
circuits, theories and treatments continue to evolve (73–79).

Early detection and intervention for a nonmaturing AVF can
prevent early access failure (80). Most AVF failures are due to stenotic
lesions in the access circuit that are progressive. An immature AVF
requiring Z 2 interventions is usually a poor prognostic indicator for
the development of a mature functional AVF (81). In addition, patients
with early access failure are often committed to tunneled dialysis
catheters, which can result in complications such as central venous
stenosis (82,83).

Surgical hemodialysis access revision, if there are no contra-
indications, should be considered in patients who require repetitive
interventions in a short time interval (angioplasty is required 4 2 times
within 3 months), if access thrombosis occurs 4 2 times within 1
month, or if a recurrent correctable lesion is identified (2). In patients
with recurrent occlusions of hemodialysis vascular access,
hypercoagulability testing should also be considered (84).

Hemodialysis access dysfunction can cause distal hypoperfusion
ischemia syndrome (DHIS), resulting from the presence of an athero-
sclerotic stenosis in the arterial supply to the extremity. DHIS
manifests as ischemia in the extremity harboring the access or heart
failure (85). In these cases, the decision to treat is based on the severity
of the patient’s signs and symptoms. Arterial angioplasty and surgical
revision can relieve the ischemic symptoms (86–88).

Percutaneous management of a dysfunctional hemodialysis access
can be performed on an outpatient basis, often in dedicated free-
standing centers (89,90). Cardiopulmonary arrest is a complication that
is commonly reported in patients with kidney disease and with
hemodialysis access–related procedures. Therefore, a detailed clinical
assessment of the patient before and after the procedure is required in
the management of dialysis patients and in identifying patients at
higher risk for complications (eg, patients with thrombosed, aneur-
ysmal dialysis circuits) that may require escalation of care and
periprocedural admission to an acute care center (91–93). Centers
performing hemodialysis interventions should have access to resources
and expertise required to deal with these complications.

This guideline is written to be used in quality improvement
programs to assess percutaneous management procedures for throm-
bosed or dysfunctional hemodialysis circuits. The most important
processes of care are (a) patient selection, (b) performing the procedure,
and (c) monitoring the patient. The outcome measures or indicators for
these processes are indications, success rates, and complication rates.
Outcome measures are assigned threshold levels.

Although practicing physicians should strive to achieve perfect
outcomes (eg, 100% success, 0% complications), in practice, all
physicians will fall short of this ideal to a variable extent. Therefore,
in addition to quality improvement case reviews customarily conducted
after individual procedural failures or complications, outcome measure
thresholds should be used to assess management of the thrombosed or
dysfunctional dialysis circuit in ongoing quality improvement pro-
grams. For the purpose of these guidelines, a threshold is a specific level
of an indicator that, when reached or crossed, should prompt a review
of departmental policies and procedures. “Procedure thresholds” or
“overall thresholds” reference a group of outcome measures for a
procedure (eg, major complications for diagnostic arteriography).
Individual complications may also be associated with complication-
specific thresholds, such as fever or hemorrhage. When outcome
measures such as success rates or indications fall below a (minimum)
threshold or when complication rates exceed a (maximum) threshold, a
departmental review should be performed to determine causes and to
implement changes if necessary. Thresholds may vary from those listed
here; for example, patient referral patterns may dictate a different

threshold value for a particular indicator at a particular institution.
Therefore, setting universal thresholds is very difficult, and each
department is urged to alter the thresholds as needed to higher or
lower values to meet its own quality improvement program needs.

DEFINITIONS
Definitions appropriate for these quality improvement guidelines are
listed in this section. For more standardized definitions relevant to
hemodialysis vascular access, see Lee et al (94) and Gray et al (95).

Mature or functional dialysis circuit: A dialysis circuit that (a) is
functional when the flow is 4 600 mL/min or when the vein has a
minimum diameter of 6 mm for AVFs, (b) does not exceed a depth of
0.6 cm, (c) has margins that are clearly identifiable when a tourniquet is
in place, and (d) has 6 cm of venous segment access available for
cannulation. The dialysis circuit should be evaluated for nonmatura-
tion 4–6 weeks after surgical creation if it does not meet the
aforementioned criteria (2,96).

Thrombosed dialysis circuit: A hemodialysis circuit (fistula or
graft) with thrombotic occlusion and lack of blood flow. Thrombus
may extend into the outflow veins or inflow arteries. The diagnosis of a
thrombosed access is most frequently made by physical examination.

Dysfunctional dialysis circuit: (i) A hemodialysis circuit that has a
hemodynamically significant stenosis, (ii) a native fistula that fails to
mature during an adequate time period (usually 4-6 weeks), or (iii) a
circuit that cannot be successfully punctured to perform dialysis
(provide the minimum flow during dialysis). Dysfunctional dialysis
circuits are clinically defined by variation in thrill/bruit, difficult
cannulation, recirculation, excessive bleeding from the venipuncture
site, or thrombosis. Dialysis circuit flow values suggesting a dysfunc-
tional dialysis circuit include (i) flow rates o 600 mL/min and o 400–
500 mL/min for AVGs and AVFs, respectively (or a decrease of 4
25%–33% from baseline normal flow rate), (ii) AVGs or AVFs that
have a venous static pressure ratio 4 0.5, or (iii) AVGs with an arterial
segment static pressure ratio 4 0.75. A venous pressure ratio of 0.4 has
91% sensitivity and 86% specificity for identifying AVG stenoses of at
least 50%.

Dialysis circuit recirculation: In a dysfunctional dialysis circuit,
AR occurs when blood from the venous port (dialyzed blood) reenters
the dialyzer through the arterial port to support the extracorporeal
blood flow rate set by the blood pump (13). An AR 4 10% is
abnormal. However, any AR should prompt an investigation. Apart
from improper needle placement, the most common causes of access
recirculation are the presence of high-grade venous stenosis and
inadequate arterial blood flow rate (97).

Arterial steal syndrome: Retrograde arterial flow of blood from
higher resistance arteries of the extremity into the lower resistance
arteriovenous circuit outflow. DHIS is suggested as more appropriate
for describing the underlying pathophysiology. Arterial steal or shunt-
ing is present in most patients with upper limb hemodialysis access, but
only a few of these patients develop symptoms of the syndrome (98).
DHIS is usually due to inflow problems, but occasionally it can also be
due to high flow through the fistula. DHIS can manifest as cardiac
failure or ischemic symptoms in the extremity harboring the fistula (ie,
paresthesias, pain, motor weakness, sensory loss, or tissue loss).

Early versus late fistula failure: Early failure is defined as AVFs
that were never usable or failed within 3 months of use. Late failure is
defined as failure that occurred after a period of normal usage (usually
accepted as 4 3 months) (99).

Fistulogram: An angiogram used to visualize and evaluate a
hemodialysis circuit, components of which include the arterial anasto-
mosis site, the fistula or graft, and outflow veins, including the
ipsilateral central veins, vena cava, and right atrium. Multiple
orthogonal projections can be helpful to better visualize lumen size
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and patency and to characterize stenotic lesions. When hemodynamic
indicators or clinical symptoms cannot be explained by fistulography,
evaluation of the inflow arteries may be required (100).

Functionally significant stenosis: An anatomically significant
stenosis with 4 50% reduction of normal vessel diameter (graft, inflow
and outflow vessels) and accompanied by a hemodynamic or clinical
abnormality, such as (2):

1. Change in physical examination characteristics of the thrill.
2. Swelling in extremity harboring access.
3. Clinical parameters such as prolonged bleeding after needle

withdrawal.
4. Inability to puncture the venous outflow and perform hemodialysis

(excluding difficulty secondary to extrinsic hematoma or outflow
vein that is buried too deep into the soft tissues and not necessarily
due to a functionally significant stenosis).

5. Presence of collateral veins or developing venous aneurysm.
6. Elevated venous pressures recorded during hemodialysis (static and

dynamic pressures) or measured within the vascular access during a
diagnostic study (static pressures).

7. Unexplained reduction in dialysis flow kinetics such as decreased
intraaccess blood flow at dialysis.

8. Elevated negative arterial prepump pressures that prevent increases
in blood flow to acceptable values.

9. Abnormal recirculation values.

The authors recognize that a 4 50% binary diameter stenosis may
be of limited relevance (43,101–103) and needs to be considered in the
context of functional and clinical findings.

Anatomic causes of dialysis circuit dysfunction: Extrinsic or
intrinsic abnormalities of the arterial inflow or venous outflow that
result in diminished access function. Most anatomic causes are intrinsic
to the graft or vessel. However, extrinsic compression can rarely
contribute to dialysis circuit dysfunction (eg, prosthetic graft kinking,
pseudoaneurysm compression of the access, or compression from a
periaccess hematoma). These abnormalities include the following:

1. Arterial (inflow) problems:
a. Stenosis of the inflow artery to the access.
b. Stenosis at the anastomotic site of an autogenous fistula or

arterial anastomosis of synthetic graft.
c. Stenosis at the perianastomotic segment of an autogenous fistula.

2. Access problems:
a. Stenosis of the graft or hypertrophied venous segment of an

autogenous fistula.
3. Venous (outflow) problems:

a. Venous anastomotic stenosis of prosthetic grafts.
b. Stenosis of the venous outflow of access (from the venous-graft

or arterial-venous anastomosis to the central veins).
c. Failure to mature. In the case of AVFs, multiple venous

collaterals that divert blood flow away from the primary
outflow vein can prevent the development of a hypertrophied
outflow vein suitable for puncture.

Note: Although 4 90% of access thromboses and dysfunction are
due to underlying anatomic stenoses, occasionally an alternative
process (eg, low cardiac output, hypotension after dialysis, access site
infection, dehydration, hypercoagulable state) can result in thrombosis
of a prosthetic graft or autogenous fistula in the absence of an
anatomic cause or contribute to accelerated failure of the hemodialysis
access (104). Central venous stenoses are more often symptomatic in
patients with AVGs compared with patients with AVFs (105).

Endovascular management of thrombosed or dysfunctional dialysis
circuits: The use of catheter-based endovascular techniques to restore or

maintain adequate blood flow within the access to support effective
hemodialysis.

Endovascular thrombus removal: The removal of occlusive throm-
bus from within the graft or native fistula, including the outflow veins
and inflow arteries to restore blood flow to the circuit. Removal of
thrombus may be accomplished by any of the various percutaneous
endovascular methods, such as thrombolysis, aspiration throm-
bectomy, balloon thrombectomy, clot maceration, or mechanical
thrombectomy.

Endovascular treatment of a stenosis: The restoration of the luminal
diameter of the treated vascular segment to an acceptable size (anatomic
success) and resolution of the functional abnormality as documented by
monitoring, surveillance, or diagnostic testing. Stenoses may be treated
with balloon angioplasty. In selected instances, stents or stent grafts may be
required to improve luminal dimensions or repair a vascular injury.
Preventive intervention may be warranted for an anatomic stenosis that
is accompanied by hemodynamic or clinically abnormal findings.

Anatomic success of a treated stenosis: For stenoses without
thrombosis, anatomic success is defined as o 30% residual diameter
stenosis of the treated vascular segment. For thrombosed accesses,
anatomic success is defined as restoration of flow combined with a o
30% residual diameter stenosis for any significant underlying stenosis.

Clinical success: Defined as the resumption of normal hemodial-
ysis for a minimum of at least 1 session following percutaneous
intervention. After the treatment of either a thrombosed or a stenotic
dialysis circuit, a continuous palpable thrill (no pulse) extending from
the arterial anastomosis can be used as an indicator of clinical success.

Hemodynamic success: The restoration of hemodynamic param-
eters and includes (2,94):

1. Return to baseline venous pressures.
2. Return to baseline blood flow.
3. o 5% AR.
4. Resumption of dialysis adequacy (measured by urea kinetics).
5. Return to baseline duplex ultrasound (or intraaccess Doppler flows

4 400–500 mL/min (AVF), 4 600 mL/min (AVG), or o 30%
residual stenosis.

6. Reduction or resolution of extremity swelling.
7. Normal bleeding time after needle withdrawal.
8. Stronger pulse and continuous thrill.
9. Return to low-pitched systolic and diastolic bruit.

Procedural success: Anatomic success plus at least 1 indicator of
hemodynamic or clinical success.

Postintervention primary patency: The interval of uninterrupted
patency after endovascular intervention within a dialysis circuit to
thrombosis or repeated endovascular intervention.

Postintervention assisted primary patency: The interval of patency
after an endovascular intervention until dialysis circuit thrombosis or a
surgical intervention of the access circuit. Endovascular interventions
in a previously treated lesion and a new arterial or venous outflow
stenosis or occlusion (excluding access thrombosis) are compatible with
assisted primary patency. Assisted primary patency ends with percuta-
neous thrombolysis/thrombectomy or surgical circuit thrombectomy.

Postintervention secondary patency: The interval of patency after
an endovascular intervention until the dialysis circuit is surgically
declotted, revised, or abandoned because of inability to treat the
original lesion, multidisciplinary team decision, interval renal trans-
plant, or patient lost to follow-up.

Cumulative patency: The total time the dialysis circuit remains
patent (regardless of the number of primary interventions and/or
thrombectomies) during a given time period. Cumulative patency begins
at the time the graft is first placed.
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INDICATIONS
The decision to treat a dialysis circuit with endovascular techniques is
always made in light of the patient’s clinical presentation and
comorbidities, the number of potential alternative access sites available,
and the expertise of the treating medical team.

Indications for Treatment of Nonthrombosed
Fistulae and Grafts
Stenosis without thrombosis that occurs in a dialysis circuit should be
treated with endovascular techniques when:

1. Clinically or hemodynamically significant dialysis circuit abnormal-
ities or distal ischemia symptoms are present. These abnormalities
include reduction in flow, increase in pressure or access recirculation
preempting adequate delivery of dialysis, abnormal physical exami-
nation findings, or symptoms interfering with use of dialysis access.

2. Stenosis of 4 50% of the lumen diameter in either venous outflow
or arterial inflow (considered functionally significant, see Defini-
tions) is present. Intervention is indicated if clinical and angio-
graphic findings are both abnormal and concordant.

Indications for Treatment of Thrombosed Fistulae
and Grafts
Stenosis with thrombosis occurring in a dialysis circuit should be
treated with endovascular techniques when:

1. Perianastomotic stenosis is present. In the setting of graft throm-
bosis, these lesions should be initially treated with a combination of
thrombolysis/thrombectomy and balloon angioplasty.

2. Underlying venous stenosis is present. Thrombosis is associated
with underlying venous stenosis in 4 85%–90% of cases.

Indications for Treatment of Central Vein Stenosis
Treatment of central vein stenosis is indicated when the stenosis is 4
50% of the lumen diameter or when the dialysis circuit is hemodynami-
cally compromised or nonmaturing. The decision to treat a central vein
stenosis should be based primarily on clinical parameters, such as
debilitating arm swelling or frequently failing accesses. Endovascular
intervention with transluminal angioplasty is the first-line treatment of
central vein stenosis (106).

Indications for Use of Stents and Stent Grafts
Stents or stent grafts should be considered for use with:

1. Failed angioplasty (refractory stenosis, ie, persistent stenosis and
hemodynamically abnormal findings after angioplasty) despite the
use of high-pressure balloons with subsequent elastic recoil of the
vein or 4 50% residual stenosis after angioplasty for central venous
stenoses (including cephalic arch stenoses).

2. Stenosis that recurs twice within 3 months after previously successful
angioplasty in patients who are not good surgical candidates because
of comorbidities or inadequate alternative long-term access sites.

3. Acute repair of angioplasty-induced venous rupture that cannot be
controlled with balloon tamponade.

4. Dialysis circuit pseudoaneurysm when surgical revision is not
feasible.

Indications for Treatment of Nonmaturing
Arteriovenous Fistulae
AVFs that have failed to mature after an appropriate amount of time
(eg, 4 2 months) may be treated with the following endovascular
techniques:

1. Balloon angioplasty of afferent preanastomotic stenosis to the
maturing AVF.

2. Balloon angioplasty of the anastomosis to increase inflow to the
maturing venous limb.

3. Percutaneous embolization of small venous tributaries and ligation
of the accessory veins that shunt flow away from the main maturing
vein to increase flow through this segment (107).

Indications for Treatment of Dialysis Distal
Hypoperfusion Ischemia Syndrome
Indications for the treatment of dialysis DHIS are (86,108,109):

1. Clinical symptoms or signs of arterial steal ipsilateral to a func-
tional fistula or graft.

2. High-flow fistula resulting in or exacerbating heart failure.

CONTRAINDICATIONS
Absolute Contraindications
1. Hemodialysis access graft infection or overlying cellulitis.
2. Thrombosed fistula with cannulation site ulceration.

Relative Contraindications
1. Severe contrast allergy.
2. Coagulopathy.
3. Severe hyperkalemia and/or acidosis.
4. Hemodynamically unstable patient.
5. Within 1 month of dialysis access creation.
6. Contraindications to thrombolytic therapy, including recent stroke,

major abdominal surgery, and known central nervous system
neoplasm (for procedures to be performed with fibrinolytic
therapy). A variety of mechanical techniques may be used as an
alternative in this situation.

7. An enlarged or aneurysmal fistula with extensive thrombus burden.
Instead, surgical thrombectomy or surgical revision is advised.

8. A thrombosed fistula with the presence of distal ischemia of
ipsilateral extremity. Depending on the underlying etiology, both
endovascular and surgical techniques can be performed to correct
DHIS symptoms, including transluminal angioplasty, banding,
flow reduction, distal revascularization and interval ligation.

9. Right-to-left shunt.
10. Considerably reduced cardiopulmonary reserve, such as pulmo-

nary hypertension, severe lung disease, cardiomyopathy, and right
heart failure (New York Heath Association class III or IV).

11. Repeated angioplasty and declotting in short time intervals (2–3
interventions in 1–3 months).

12. Asymptomatic central venous stenosis.

Silent pulmonary embolism is common in patients with throm-
bosed AVGs after thrombolysis/thrombectomy (110,111). However, the
clot burden in a thrombosed hemodialysis access is usually small (o 5
mL), and repeated endovascular thrombectomy has not been shown to
cause significant changes in pulmonary arterial pressures at 1 year,
although the long-term effect and clinical relevance are yet to be
determined (112,113). The presence of a patent foramen ovale is not a
contraindication for hemodialysis access thrombolysis. However, devas-
tating paradoxical systemic embolism, although rare, can occur follow-
ing percutaneous interventions for dysfunctional dialysis access (114).

QUALITY IMPROVEMENT
Success and Patency Rates
Indicator thresholds may be used to evaluate the efficacy of quality
improvement programs. Tables 1–5 present the clinical success rates and
primary and secondary patency rates reported in the published literature.

Dariushnia et al ’ JVIR1522 ’ Percutaneous Interventions in Dialysis Access



Complication Rates and Thresholds
Complications can be stratified on the basis of outcome. Major
complications may result in admission to a hospital for therapy (for
outpatient procedures), an unplanned increase in the level of care,
prolonged hospitalization, permanent adverse sequelae, or death.
Minor complications result in no sequelae; they may require nominal
therapy or a short hospital stay for observation, generally overnight
(Appendix B).

Published rates for individual types of complications are highly
dependent on patient selection and are based on series comprising
several hundred patients, which is a volume larger than most individual
practitioners are likely to treat. It is also recognized that a single
complication can cause a rate to cross above a complication-specific
threshold when the complication occurs in a small volume of patients
(eg, early in a quality improvement program). In this situation, the
overall procedure threshold is more appropriate for use in a quality
improvement program. Indicators and thresholds for complications are
given in Table 6. Major and minor complications occur in up to 8% of
patients. The overall procedure threshold for major complications is
determined by the following formula:

APPENDIX A. CONSENSUS METHODOLOGY
Reported complication-specific rates in some cases reflect the aggregate
of major and minor complications. Thresholds are derived from critical
evaluation of the literature; evaluation of empirical data from Stand-
ards of Practice Committee members’ practices; and, when available,
the SIR HI-IQ System national database. Consensus on statements in
this document was obtained using a modified Delphi technique
(173,174).

APPENDIX B. SIR STANDARDS OF
PRACTICE COMMITTEE CLASSIFICATION
OF COMPLICATIONS BY
OUTCOME
Minor Complications
A. No therapy, no consequence.

Number of patients with complications undergoing percutaneous access management only
Number of patients undergoing percutaneous access management

! 100

Table 1 . Clinical Success and Patency Rates for Management with Angioplasty

AVF AVG

Average Reported
Rates (%)

Suggested
Thresholds (%)

Average Reported
Rates (%)

Suggested
Thresholds (%)

Conventional/plain (13,14,58,115–118)
Clinical success 96 91 NA
Cumulative patency
3-month primary 79 74 40* 35
6-month primary 61 54 21 14
12-month primary 42 32 17† 10
3-month secondary NA —‡ NA —‡

6-month secondary NA —‡ 37* 30
12-month secondary 87 77 NA —‡

Cutting (13,57,119–123)
Clinical success 100 95 NA —‡

Cumulative patency
3-month primary 83 78 NA —‡

6-month primary 68 61 NA —‡

12-month primary 47 37 NA —‡

High pressure (15,57,63,119,121,124–126)
Clinical success 95 90 NA —‡

Cumulative patency
3-month primary 80 75 54§ 49
6-month primary 40 33 23§ 16
12-month primary 27 17 NA —‡

3-month secondary NA —‡ NA —‡

6-month secondary 83* 76 NA —‡

12-month secondary 71* 61 NA —‡

AVF = arteriovenous fistula; AVG = arteriovenous graft; NA = not available because of insufficient published data.
*Limited data. Reflects 1 prospective, nonrandomized study and 1 retrospective study.
†Limited data. Reflects 2 prospective, nonrandomized studies.
‡Inadequate data exist at the present time to propose threshold values.
§Limited data. Reflects 2 retrospective studies.

Volume 27 ’ Number 10 ’ October ’ 2016 1523



Table 2 . Clinical Success and Patency Rates for Management with Stent or Stent Graft Placement

AVF AVG

Average Reported
Rates (%)

Suggested
Thresholds (%)

Average Reported
Rates (%)

Suggested
Thresholds (%)

Bare stents (14–16,117,127–132)
Clinical success 96* 91 92 87
Cumulative patency
3-month primary 70 65 64 59
6-month primary 62 55 45 38
12-month primary 21 11 36 26
3-month secondary 91† 86 63 58
6-month secondary 83† 76 62 55
12-month secondary 78† 68 58 48

Covered/stent grafts (58,59,63,127,130,133–138)
Clinical success 100 95 93‡ 88
Cumulative patency
3-month primary 93 88 68 63
6-month primary 73 66 44 36
12-month primary 54 44 37 27
3-month secondary NA —§ 80 75
6-month secondary 93‖ 76 67 60
12-month secondary NA —§ 44 34

AVF = arteriovenous fistula; AVG = arteriovenous graft; NA = not available because of insufficient published data.
*Limited data. Reflects 1 prospective, nonrandomized study and 1 randomized controlled study.
†Limited data. Reflects 2 prospective, nonrandomized studies.
‡Limited data. Reflects 1 randomized, controlled study and 1 retrospective study.
§Inadequate data exist at the present time to propose threshold values.
‖Limited data. Reflects 2 retrospective studies.

Table 3 . Clinical Success and Patency Rates for Management with Pharmacologic Thrombolysis or Mechanical Thrombectomy
(10–12,51,139–154)

AVF AVG

Average Reported
Rates (%)

Suggested
Thresholds (%)

Average Reported
Rates (%)

Suggested
Thresholds (%)

Clinical success 88 83 82 77
Cumulative patency
3-month primary 74 69 49 44
6-month primary 44 36 38 31
12-month primary 33 23 31 21
3-month secondary 92 87 72 67
6-month secondary 80 73 61 54
12-month secondary 72 62 53 43

AVF = arteriovenous fistula; AVG = arteriovenous graft.

Dariushnia et al ’ JVIR1524 ’ Percutaneous Interventions in Dialysis Access



B. Nominal therapy, no consequence; includes overnight admission
for observation only.

Major Complications
C. Require therapy, minor hospitalization (o 48 hours).
D. Require major therapy, unplanned increase in level of care,

prolonged hospitalization (4 48 hours).
E. Permanent adverse sequelae
F. Death.
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Table 4 . Clinical Success and Patency Rates for Manage-
ment of Nonmaturing Arteriovenous Fistulae
(49,99,107,125,155–157)

Average
Reported
Rates (%)

Suggested
Thresholds

(%)
Clinical success 92 87
Cumulative patency
3-month primary 71 66
6-month primary 54 47
12-month primary 54 47
3-month secondary NA —*

6-month secondary 82 77
12-month secondary 77 70

Note–Most procedures reported were angioplasties.
NA = not available because of insufficient published
data.
*Inadequate data exist at the present time to propose thresh-
old values.

Volume 27 ’ Number 10 ’ October ’ 2016 1525



Ta
bl
e
6
.C

om
pl
ic
at
io
n
R
at
es

an
d
Th

re
sh

ol
ds

A
V
F

A
V
G

A
ve

ra
ge

R
ep

or
te
d

R
at
es

(%
)

S
ug

ge
st
ed

Th
re
sh

ol
ds

(%
)

Ex
am

pl
es

of
C
om

pl
ic
at
io
n
Ty

pe
A
ve

ra
ge

R
ep

or
te
d

R
at
es

(%
)

S
ug

ge
st
ed

Th
re
sh

ol
ds

(%
)

Ex
am

pl
es

of
C
om

pl
ic
at
io
n
Ty

pe
B
al
lo
on

an
gi
op

la
st
y
(1
3,
58

,7
6,
11

5,
11

9,
12

2–
12

6,
16

2)
M
aj
or

co
m
pl
ic
at
io
n

0.
8

2
V
en

ou
s
pe

rf
or
at
io
n,

pu
nc

tu
re

si
te

he
m
at
om

as
,

ps
eu

do
an

eu
ry
sm

of
br
ac

hi
al

ar
te
ry
,v

es
se

l
ru
pt
ur
e
at

an
gi
op

la
st
y
si
te

3
7

In
fe
ct
io
n,

ps
eu

do
an

eu
ry
sm

,
ve

ss
el

ru
pt
ur
e,

va
sc
ul
ar

in
su

ffi
ci
en

cy
,C

H
F,

C
V
A
,d

ea
th

M
in
or

co
m
pl
ic
at
io
ns

4.
3

8
Pu

nc
tu
re

si
te

ps
eu

do
an

eu
ry
sm

,p
un

ct
ur
e
si
te

he
m
at
om

a,
va

so
va

ga
lr

ea
ct
io
n,

ve
no

us
pe

rf
or
at
io
n,

co
nt
ra
st

ex
tr
av

as
at
io
n,

m
in
or

ru
pt
ur
e

1.
2

4
H
em

or
rh
ag

e,
pu

nc
tu
re

si
te

he
m
at
om

a,
ar
m

ed
em

a,
fo
ca

l
ex

tr
av

as
at
io
n

S
te
nt
s
an

d/
or

st
en

t
gr
af
ts

(1
6,
58

,5
9,
63

,1
17

,1
28

,1
33

,1
35

,1
37

,1
63

,1
64

)
M
aj
or

co
m
pl
ic
at
io
n

0.
5

1.
5

Pe
ri
pr
oc

ed
ur
al

A
V
G

re
th
ro
m
bo

se
s,

in
ad

ve
rt
en

t
di
sp

la
ce

m
en

t
of

st
en

t
gr
af
t,

in
fe
ct
ed

fo
re
ar
m

lo
op

gr
af
t

1.
2

3
In
fe
ct
io
n,

ps
eu

do
an

eu
ry
sm

,v
es

se
l

ru
pt
ur
e,

va
sc
ul
ar

in
su

ffi
ci
en

cy
,

C
H
F,

C
V
A
,d

ea
th

M
in
or

co
m
pl
ic
at
io
n

3.
0

7
S
el
f-
lim

ite
d
ve

no
sp

as
m
s,

pe
rf
or
at
ed

su
bc

la
vi
an

ve
in
,p

un
ct
ur
e

si
te

he
m
at
om

a,
co

nt
ra
st

ex
tr
av

as
at
io
n

1.
7

5
Pu

nc
tu
re

si
te

he
m
at
om

a,
ar
m

ed
em

a

Th
ro
m
bo

ly
si
s/
th
ro
m
be

ct
om

y
(4
9,
14

0,
14

6,
15

2,
16

5–
17

2)
M
aj
or

co
m
pl
ic
at
io
n

3.
1

6
M
as

si
ve

bl
ee

di
ng

at
ve

no
to
m
y
si
te
,

m
yo

ca
rd
ia
li
nf
ar
ct
io
n,

ps
eu

do
an

eu
ry
sm

,
pu

lm
on

ar
y
em

bo
lis

m
,s

ev
er
e
ha

nd
is
ch

em
ia
,w

ou
nd

in
fe
ct
io
n

4.
4

7
H
em

at
om

a,
ar
te
ri
al

em
bo

li,
se

ps
is
,

ru
pt
ur
e
of

ou
tfl
ow

br
ac

hi
al

ve
in
,

pu
lm

on
ar
y
em

bo
lis

m
ca

us
in
g

de
at
h,

se
ve

re
gr
af
t
in
fe
ct
io
n

M
in
or

co
m
pl
ic
at
io
n

7.
9

15
Lo

ca
lh

em
at
om

a,
co

nt
ra
st

ex
tr
av

as
at
io
n,

pu
nc

tu
re

si
te

he
m
at
om

a,
ve

no
us

ru
pt
ur
e

7.
1

14
R
up

tu
re
,c

on
tr
as

t
ex

tr
av

as
at
io
n,

sm
al
lh

em
at
om

a,
sm

al
la

rt
er
ia
l

em
bo

lu
s
(a
sy

m
pt
om

at
ic
)

A
V
F
=

ar
te
ri
ov

en
ou

s
fi
st
ul
a;

A
V
G

=
ar
te
ri
ov

en
ou

s
gr
af
t;
C
H
F
=

co
ng

es
tiv

e
he

ar
t
fa
ilu

re
;C

V
A

=
ce

re
br
ov

as
cu

la
r
ac

ci
de

nt
.

Dariushnia et al ’ JVIR1526 ’ Percutaneous Interventions in Dialysis Access



Samir Shah, MD, Paul Shyn, MD, Padia Siddharth, MD, Nasir
Siddiqi, MD, LeAnn Stokes, MD, Rajeev Suri, MD, Ulku Turba,
MD, Aradhana Venkatesan, MD, and Jeffrey L. Weinstein, MD

REFERENCES
1. Aruny JE, Lewis CA, Cardella JF, et al. Quality improvement guidelines

for percutaneous management of the thrombosed or dysfunctional
dialysis access. J Vasc Interv Radiol 2003; 14:S247–S253.

2. KDOQI Clinical Practice Guidelines and Clinical Practice Recommenda-
tions for 2006 update: Hemodialysis adequacy, peritoneal dialysis
adequacy and vascular access. Am J Kidney Dis 2006; 48:S1–322.

3. Santoro D, Benedetto F, Mondello P, et al. Vascular access for
hemodialysis: current perspectives. Int J Nephrol Renovasc Dis 2014; 7:
281–294.

4. Kimball TA, Barz K, Dimond KR, Edwards JM, Nehler MR. Efficiency of
the kidney disease outcomes quality initiative guidelines for preemptive
vascular access in an academic setting. J Vasc Surg 2011; 54:
760–765; discussion 765–766.

5. Biuckians A, Scott EC, Meier GH, Panneton JM, Glickman MH. The
natural history of autologous fistulas as first-time dialysis access in the
KDOQI era. J Vasc Surg 2008; 47:415–421; discussion 420–421.

6. Wolfe RA, Ashby VB, Daugirdas JT, Agodoa LY, Jones CA, Port
FK. Body size, dose of hemodialysis, and mortality. Am J Kidney Dis
2000; 35:80–88.

7. Suttie SA, Ponnuvelu G, Henderson N, et al. Natural history of upper
limb arterio-venous fistulae for chronic hemodialysis. J Vasc Access
2012; 13:332–337.

8. Troisi N, Chisci E, Frosini P, et al. Hybrid simultaneous treatment of
thrombosed prosthetic grafts for hemodialysis. J Vasc Access 2014; 15:
396–400.

9. Vesely TM. Endovascular intervention for the failing vascular access.
Adv Ren Replace Ther 2002; 9:99–108.

10. Sadaghianloo N, Jean-Baptiste E, Gaid H, et al. Early surgical throm-
bectomy improves salvage of thrombosed vascular accesses. J Vasc
Surg 2014; 59:1377–1384.e1–2.

11. Simoni E, Blitz L, Lookstein R. Outcomes of angiojet thrombectomy in
hemodialysis vascular access grafts and fistulas: PEARL I Registry. J
Vasc Access 2013; 14:72–76.

12. Yang CC, Yang CW, Wen SC, Wu CC. Comparisons of clinical outcomes
for thrombectomy devices with different mechanisms in hemodialysis
arteriovenous fistulas. Catheter Cardiovasc Interv 2012; 80:1035–1041.

13. Guiu B, Loffroy R, Ben Salem D, et al. Angioplasty of long venous
stenoses in hemodialysis access: at last an indication for cutting balloon?
J Vasc Interv Radiol 2007; 18:994–1000.

14. Kakisis JD, Avgerinos E, Giannakopoulos T, Moulakakis K, Papapetrou A,
Liapis CD. Balloon angioplasty vs nitinol stent placement in the treat-
ment of venous anastomotic stenoses of hemodialysis grafts after
surgical thrombectomy. J Vasc Surg 2012; 55:472–478.

15. Chan MR, Bedi S, Sanchez RJ, et al. Stent placement versus angio-
plasty improves patency of arteriovenous grafts and blood flow of
arteriovenous fistulae. Clin J Am Soc Nephrol 2008; 3:699–705.

16. Hatakeyama S, Toikawa T, Okamoto A, et al. Efficacy of SMART stent
placement for salvage angioplasty in hemodialysis patients with recurrent
vascular access stenosis. Int J Nephrol 2011; 2011:464735.

17. Bent CL, Sahni VA, Matson MB. The radiological management of the
thrombosed arteriovenous dialysis fistula. Clin Radiol 2011; 66:1–12.

18. Leivaditis K, Panagoutsos S, Roumeliotis A, Liakopoulos V, Vargemezis
V. Vascular access for hemodialysis: Postoperative evaluation and
function monitoring. Int Urol Nephrol 2014; 46:403–409.

19. Li B, Li Q, Chen C, Guan Y, Liu S. Diagnostic accuracy of computer
tomography angiography and magnetic resonance angiography in the
stenosis detection of autologuous hemodialysis access: a meta-analysis.
PloS One 2013; 8:e78409.

20. Kumbar L, Karim J, Besarab A. Surveillance and monitoring of dialysis
access. Int J Nephrol 2012; 2012:649735.

21. Paulson WD, Moist L, Lok CE. Vascular access surveillance: an ongoing
controversy. Kidney Int 2012; 81:132–142.

22. Paulson WD, Moist L, Lok CE. Vascular access surveillance: case study
of a false paradigm. Semin Dial 2013; 26:281–286.

23. Asif A, Merrill D, Leon C, Ellis R, Pennell P. Strategies to minimize
tunneled hemodialysis catheter use. Blood Purif 2006; 24:90–94.

24. Asif A, Leon C, Orozco-Vargas LC, et al. Accuracy of physical exami-
nation in the detection of arteriovenous fistula stenosis. Clin J Am Soc
Nephrol 2007; 2:1191–1194.

25. Leon C, Orozco-Vargas LC, Krishnamurthy G, et al. Accuracy of physical
examination in the detection of arteriovenous graft stenosis. Semin Dial
2008; 21:85–88.

26. Trerotola SO, Scheel PJ Jr, Powe NR, et al. Screening for dialysis
access graft malfunction: comparison of physical examination with US.
J Vasc Interv Radiol 1996; 7:15–20.

27. Shenoy S, Darcy M. Ultrasound as a tool for preoperative planning,
monitoring, and interventions in dialysis arteriovenous access. AJR Am J
Roentgenol 2013; 201:W539–543.

28. Kamper L, Frahnert M, Grebe SO, Haage P. Radiological assess-
ment of vascular access in haemodialysis patients. J Vasc Access
2014; 15(Suppl 7):S33–37.

29. Vardza Raju A, Kyin May K, Htet Zaw M, et al. Reliability of ultrasound
duplex for detection of hemodynamically significant stenosis in hemo-
dialysis access. Ann Vasc Dis 2013; 6:57–61.

30. Zamboli P, Fiorini F, D’Amelio A, Fatuzzo P, Granata A. Color Doppler
ultrasound and arteriovenous fistulas for hemodialysis. J Ultrasound
2014; 17:253–263.

31. Back MR, Maynard M, Winkler A, Bandyk DF. Expected flow param-
eters within hemodialysis access and selection for remedial intervention
of nonmaturing conduits. Vasc Endovasc Surg 2008; 42:150–158.

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

33. Kariya S, Tanigawa N, Kojima H, et al. Efficacy of carbon dioxide for
diagnosis and intervention in patients with failing hemodialysis access.
Acta Radiol 2010; 51:994–1001.

34. Ehrman KO, Taber TE, Gaylord GM, Brown PB, Hage JP. Comparison of
diagnostic accuracy with carbon dioxide versus iodinated contrast
material in the imaging of hemodialysis access fistulas. J Vasc Interv
Radiol 1994; 5:771–775.

35. Kian K, Wyatt C, Schon D, Packer J, Vassalotti J, Mishler R. Safety of
low-dose radiocontrast for interventional AV fistula salvage in stage 4
chronic kidney disease patients. Kidney Int 2006; 69:1444–1449.

36. Ramalho J, Semelka RC, Ramalho M, Nunes RH, AlObaidy M, Castillo
M. Gadolinium-based contrast agent accumulation and toxicity: an
update. AJNR Am J Neuroradiol 2016; 37:1192–1198.

37. Perazella MA. Gadolinium-contrast toxicity in patients with kidney
disease: nephrotoxicity and nephrogenic systemic fibrosis. Curr Drug
Saf 2008; 3:67–75.

38. Funaki B, Kim R, Lorenz J, et al. Using pullback pressure measure-
ments to identify venous stenoses persisting after successful angio-
plasty in failing hemodialysis grafts. AJR Am J Roentgenol 2002; 178:
1161–1165.

39. Leontiev O, Mondschein JI, Dagli MS, et al. Catheter-based intraaccess
blood flow measurement as a problem-solving tool in hemodialysis
access intervention. J Vasc Interv Radiol 2013; 24:717–721.

40. Vesely TM, Gherardini D, Gleed RD, Kislukhin V, Krivitski NM. Use of a
catheter-based system to measure blood flow in hemodialysis grafts
during angioplasty procedures. J Vasc Interv Radiol 2002; 13:371–378.

41. Nikolic B. Hemodialysis fistula interventions: diagnostic and treatment
challenges and technical considerations. Tech Vasc Interv Radiol 2008;
11:167–174.

42. Tessitore N, Bedogna V, Melilli E, et al. In search of an optimal bedside
screening program for arteriovenous fistula stenosis. Clin J Am Soc
Nephrol 2011; 6:819–826.

43. White JJ, Ram SJ, Jones SA, Schwab SJ, Paulson WD. Influence of
luminal diameters on flow surveillance of hemodialysis grafts: insights
from a mathematical model. Clin J Am Soc Nephrol 2006; 1:972–978.

44. Rajabi-Jaghargh E, Banerjee RK. Combined functional and anatomical
diagnostic endpoints for assessing arteriovenous fistula dysfunction.
World J Nephrol 2015; 4:6–18.

45. Frinak S, Zasuwa G, Dunfee T, Besarab A, Yee J. Dynamic venous
access pressure ratio test for hemodialysis access monitoring. Am J
Kidney Dis 2002; 40:760–768.

46. Rajabi-Jagahrgh E, Banerjee RK. Functional diagnostic parameters for
arteriovenous fistula. Artif Organs 2015; 39:492–501.

47. Kim JD, Bae JI, Won JH, et al. New predictive marker for hemodialysis
vascular access dysfunction. Semin Dial 2014; 27:61–67.

48. Kuhan G, Antoniou GA, Nikam M, et al. A meta-analysis of randomized
trials comparing surgery versus endovascular therapy for thrombosed
arteriovenous fistulas and grafts in hemodialysis. Cardiovasc Intervent
Radiol 2013; 36:699–705.

Volume 27 ’ Number 10 ’ October ’ 2016 1527



49. Miller GA, Hwang W, Preddie D, Khariton A, Savransky Y. Percutaneous
salvage of thrombosed immature arteriovenous fistulas. Semin Dial
2011; 24:107–114.

50. Bush RL, Lin PH, Lumsden AB. Management of thrombosed dialysis
access: thrombectomy versus thrombolysis. Semin Vasc Surg 2004; 17:
32–39.

51. Rabin I, Shani M, Mursi J, et al. Effect of timing of thrombectomy on
survival of thrombosed arteriovenous hemodialysis grafts. Vasc Endo-
vasc Surg 2013; 47:342–345.

52. Prologo JD, Minwell G, Kent J, Pirasteh A, Corn D. Effect of the time to
intervention on the outcome of thrombosed dialysis access grafts
managed percutaneously. Diagn Interv Radiol 2014; 20:143–146.

53. Heye S, Maleux G, Vaninbroukx J, Claes K, Kuypers D, Oyen R. Factors
influencing technical success and outcome of percutaneous balloon
angioplasty in de novo native hemodialysis arteriovenous fistulas. Eur J
Radiol 2012; 81:2298–2303.

54. Neuen BL, Gunnarsson R, Webster AC, Baer RA, Golledge J,
Mantha ML. Predictors of patency after balloon angioplasty in hemo-
dialysis fistulas: a systematic review. J Vasc Interv Radiol 2014; 25:
917–924.

55. Agarwal SK, Nadkarni GN, Yacoub R, et al. Comparison of cutting
balloon angioplasty and percutaneous balloon angioplasty of arterio-
venous fistula stenosis: a meta-analysis and systematic review of
randomized clinical trials. J Intervent Cardiol 2015; 28:288–295.

56. Saleh HM, Gabr AK, Tawfik MM, Abouellail H. Prospective, randomized
study of cutting balloon angioplasty versus conventional balloon angio-
plasty for the treatment of hemodialysis access stenoses. J Vasc Surg
2014; 60:735–740.

57. Rasuli P, Chennur VS, Connolly MJ, et al. Randomized trial com-
paring the primary patency following cutting versus high-pressure
balloon angioplasty for treatment of de novo venous stenoses in
hemodialysis arteriovenous fistulae. J Vasc Interv Radiol 2015; 26:
1840–1846.e1.

58. Haskal ZJ, Trerotola S, Dolmatch B, et al. Stent graft versus balloon
angioplasty for failing dialysis-access grafts. N Engl J Med 2010; 362:
494–503.

59. Jones RG, Willis AP, Jones C, McCafferty IJ, Riley PL. Long-term
results of stent-graft placement to treat central venous stenosis and
occlusion in hemodialysis patients with arteriovenous fistulas. J Vasc
Interv Radiol 2011; 22:1240–1245.

60. El Kassem M, Alghamdi I, Vazquez-Padron RI, et al. The role of
endovascular stents in dialysis access maintenance. Adv Chronic Kidney
Dis 2015; 22:453–458.

61. Kornfield ZN, Kwak A, Soulen MC, et al. Incidence and management of
percutaneous transluminal angioplasty-induced venous rupture in the
“fistula first” era. J Vasc Interv Radiol 2009; 20:744–751.

62. Fu N, Joachim E, Yevzlin AS, Shin JI, Astor BC, Chan MR. A meta-
analysis of stent placement vs. angioplasty for dialysis vascular access
stenosis. Semin Dial 2015; 28:311–317.

63. Rajan DK, Falk A. A randomized prospective study comparing out-
comes of angioplasty versus VIABAHN stent-graft placement for cephalic
arch stenosis in dysfunctional hemodialysis accesses. J Vasc Interv
Radiol 2015; 26:1355–1361.

64. Verstandig AG, Berelowitz D, Zaghal I, et al. Stent grafts for central
venous occlusive disease in patients with ipsilateral hemodialysis access.
J Vasc Interv Radiol 2013; 24:1280–1287; quiz 1288.

65. Carmona J, Rits Y, Jones B, Dowers L, Bednarski D, Rubin JR. Patency
of the Viabahn stent graft for the treatment of outflow stenosis in
hemodialysis grafts. Am J Surg 2016; 211:551–554.

66. Lorenz JM. Use of stents for the maintenance of hemodialysis access.
Semin Intervent Radiol 2004; 21:135–140.

67. Kershen LM, Marichal DA. Endovascular treatment of stent fracture and
pseudoaneurysm formation in arteriovenous fistula dialysis access. Proc
(Bayl Univ Med Cent) 2013; 26:47–49.

68. Florescu MC, Qiu F, Plumb TJ, Fillaus JA. Endovascular treatment of
arteriovenous graft pseudoaneurysms, indications, complications, and
outcomes: a systematic review. Hemodial Int 2014; 18:785–792.

69. Kim CY, Guevara CJ, Engstrom BI, et al. Analysis of infection risk
following covered stent exclusion of pseudoaneurysms in prosthetic
arteriovenous hemodialysis access grafts. J Vasc Interv Radiol 2012; 23:
69–74.

70. Lee T, Roy-Chaudhury P. Advances and new frontiers in the patho-
physiology of venous neointimal hyperplasia and dialysis access steno-
sis. Adv Chronic Kidney Dis 2009; 16:329–338.

71. Remuzzi A, Ene-Iordache B. Novel paradigms for dialysis vascular
access: upstream hemodynamics and vascular remodeling in dialysis
access stenosis. Clin J Am Soc Nephrol 2013; 8:2186–2193.

72. Brahmbhatt A, Remuzzi A, Franzoni M, Misra S. The molecular
mechanisms of hemodialysis vascular access failure. Kidney Int 2016; 89:
303–316.

73. Mima A. Hemodialysis vascular access dysfunction: molecular mecha-
nisms and treatment. Ther Apher Dial 2012; 16:321–327.

74. Sakakibara T, Ishii H, Toriyama T, et al. Sirolimus-eluting stent vs.
everolimus-eluting stent for coronary intervention in patients on chronic
hemodialysis. Circ J 2012; 76:351–355.

75. Lee T, Ul Haq N. New developments in our understanding of neointimal
hyperplasia. Adv Chronic Kidney Dis 2015; 22:431–437.

76. Kitrou PM, Spiliopoulos S, Katsanos K, Papachristou E, Siablis D,
Karnabatidis D. Paclitaxel-coated versus plain balloon angioplasty for
dysfunctional arteriovenous fistulae: one-year results of a prospective
randomized controlled trial. J Vasc Interv Radiol 2015; 26:348–354.

77. Patane D, Giuffrida S, Morale W, et al. Drug-eluting balloon for the
treatment of failing hemodialytic radiocephalic arteriovenous fistulas: our
experience in the treatment of juxta-anastomotic stenoses. J Vasc
Access 2014; 15:338–343.

78. Massmann A, Fries P, Obst-Gleditsch K, Minko P, Shayesteh-Kheslat R,
Buecker A. Paclitaxel-coated balloon angioplasty for symptomatic cen-
tral vein restenosis in patients with hemodialysis fistulas. J Endovasc
Ther 2015; 22:74–79.

79. Khawaja AZ, Cassidy DB, Al Shakarchi J, McGrogan DG, Inston NG,
Jones RG. Systematic review of drug eluting balloon angioplasty for
arteriovenous haemodialysis access stenosis. J Vasc Access 2016; 17:
103–110.

80. Lee J, Kim YS, Yoon SA, et al. Retrospective review of angiography
before cannulation of newly created vascular accesses in hemodialysis
patients. J Vasc Interv Radiol 2013; 24:1309–1315.

81. Lee T, Ullah A, Allon M, et al. Decreased cumulative access survival in
arteriovenous fistulas requiring interventions to promote maturation. Clin
J Am Soc Nephrol 2011; 6:575–581.

82. 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; 1:332–339.

83. De Marchi S, Falleti E, Giacomello R, et al. Risk factors for vascular
disease and arteriovenous fistula dysfunction in hemodialysis patients. J
Am Soc Nephrol 1996; 7:1169–1177.

84. Klamroth R, Orlovic M, Fritsche I, et al. The influence of thrombophilic
risk factors on vascular access survival in chronic dialysis patients in a
retrospective evaluation. Vasa 2013; 42:32–39.

85. Leon C, Asif A. Arteriovenous access and hand pain: the distal
hypoperfusion ischemic syndrome. Clin J Am Soc Nephrol 2007; 2:
175–183.

86. Leake AE, Winger DG, Leers SA, Gupta N, Dillavou ED. Management
and outcomes of dialysis access-associated steal syndrome. J Vasc Surg
2015; 61:754–760.

87. Gupta N, Yuo TH, Konig GT, et al. Treatment strategies of arterial steal
after arteriovenous access. J Vasc Surg 2011; 54:162–167.

88. Goel N, Miller GA, Jotwani MC, Licht J, Schur I, Arnold WP. Minimally
Invasive Limited Ligation Endoluminal-assisted Revision (MILLER) for
treatment of dialysis access-associated steal syndrome. Kidney Int 2006;
70:765–770.

89. Arnold WP. Improvement in hemodialysis vascular access outcomes in
a dedicated access center. Semin Dial 2000; 13:359–363.

90. Duijm LE, van der Rijt RH, Cuypers PW, et al. Outpatient treatment of
arterial inflow stenoses of dysfunctional hemodialysis access fistulas by
retrograde venous access puncture and catheterization. J Vasc Surg
2008; 47:591–598.

91. Nadolski G, Praestgaard A, Shlansky-Goldberg RD, et al. Medical
emergencies and cardiopulmonary arrests in interventional radiology. J
Vasc Interv Radiol 2013; 24:1779–1785.

92. Rueb GR, Brady WJ, Gilliland CA, et al. Characterizing cardiopulmonary
arrest during interventional radiology procedures. J Vasc Interv Radiol
2013; 24:1774–1778.

93. Urbanes AQ. Dialysis access procedures in the outpatient setting:
risky? J Vasc Interv Radiol 2013; 24:1787–1789.

94. Lee T, Mokrzycki M, Moist L, et al. Standardized definitions for
hemodialysis vascular access. Semin Dial 2011; 24:515–524.

95. Gray RJ, Sacks D, Martin LG, Trerotola SO, Society of Interventional
Radiology Technology Assessment Committee. Reporting standards for

Dariushnia et al ’ JVIR1528 ’ Percutaneous Interventions in Dialysis Access



percutaneous interventions in dialysis access. J Vasc Interv Radiol 2003;
14:S433–442.

96. Tordoir J, Canaud B, Haage P, et al. EBPG on vascular access. Nephrol
Dial Transplant 2007; 22(Suppl 2):ii88–117.

97. Zeraati A, Beladi Mousavi SS, Beladi Mousavi M. A review article:
access recirculation among end stage renal disease patients undergoing
maintenance hemodialysis. Nephrourol Mon 2013; 5:728–732.

98. Lazarides MK, Staramos DN, Panagopoulos GN, Tzilalis VD, Eleftheriou
GJ, Dayantas JN. Indications for surgical treatment of angioaccess-
induced arterial “steal.” J Am Coll Surg 1998; 187:422–426.

99. Beathard GA, Arnold P, Jackson J, Litchfield T. Physician Operators
Forum of RMSL. Aggressive treatment of early fistula failure. Kidney Int
2003; 64:1487–1494.

100. Duijm LE, Liem YS, van der Rijt RH, et al. Inflow stenoses in
dysfunctional hemodialysis access fistulae and grafts. Am J Kidney
Dis 2006; 48:98–105.

101. Raju S, Kirk O, Davis M, Olivier J. Hemodynamics of “critical” venous
stenosis and stent treatment. J Vasc Surg Venous Lymphat Disord
2014; 2:52–59.

102. Smith PD. The microcirculation in venous hypertension. Cardiovasc
Res 1996; 32:789–795.

103. Kudlicka J, Kavan J, Tuka V, Malik J. More precise diagnosis of access
stenosis: ultrasonography versus angiography. J Vasc Access 2012; 13:
310–314.

104. Itkin M, Kraus MJ, Trerotola SO. Extrinsic compression of the left
innominate vein in hemodialysis patients. J Vasc Interv Radiol 2004; 15:
51–56.

105. Trerotola SO, Kothari S, Sammarco TE, Chittams JL. Central venous
stenosis is more often symptomatic in hemodialysis patients with grafts
compared with fistulas. J Vasc Interv Radiol 2015; 26:240–246.

106. Kundu S. Central venous obstruction management. Semin Intervent
Radiol 2009; 26:115–121.

107. Ahmed O, Patel M, Ginsburg M, Jilani D, Funaki B. Effectiveness of
collateral vein embolization for salvage of immature native arteriovenous
fistulas. J Vasc Interv Radiol 2014; 25:1890–1894.

108. Beathard GA, Spergel LM. Hand ischemia associated with dialysis
vascular access: an individualized access flow-based approach to
therapy. Semin Dial 2013; 26:287–314.

109. Stern AB, Klemmer PJ. High-output heart failure secondary to arterio-
venous fistula. Hemodial Int 2011; 15:104–107.

110. Kinney TB, Valji K, Rose SC, et al. Pulmonary embolism from pulse-
spray pharmacomechanical thrombolysis of clotted hemodialysis grafts:
urokinase versus heparinized saline. J Vasc Interv Radiol 2000; 11:
1143–1152.

111. Swan TL, Smyth SH, Ruffenach SJ, Berman SS, Pond GD. Pulmonary
embolism following hemodialysis access thrombolysis/thrombectomy.
J Vasc Interv Radiol 1995; 6:683–686.

112. Winkler TA, Trerotola SO, Davidson DD, Milgrom ML. Study of thrombus
from thrombosed hemodialysis access grafts. Radiology 1995; 197:461–465.

113. Hsieh MY, Lai CL, Wu YW, Lin L, Ho MC, Wu CC. Impact on
pulmonary arterial pressures after repeated endovascular thrombec-
tomy of dialysis grafts: a prospective follow-up study. J Vasc Interv
Radiol 2014; 25:1883–1889.

114. Wu S, Ahmad I, Qayyum S, Wicky S, Kalva SP. Paradoxical embolism
after declotting of hemodialysis fistulae/grafts in patients with patent
foramen ovale. Clin J Am Soc Nephrol 2011; 6:1333–1336.

115. Rajan DK, Bunston S, Misra S, Pinto R, Lok CE. Dysfunctional
autogenous hemodialysis fistulas: outcomes after angioplasty—are
there clinical predictors of patency? Radiology 2004; 232:508–515.

116. Sugimoto K, Higashino T, Kuwata Y, Imanaka K, Hirota S, Sugimura
K. Percutaneous transluminal angioplasty of malfunctioning Brescia-
Cimino arteriovenous fistula: analysis of factors adversely affecting
long-term patency. Eur Radiol 2003; 13:1615–1619.

117. Maya ID, Allon M. Outcomes of thrombosed arteriovenous grafts:
comparison of stents vs angioplasty. Kidney Int 2006; 69:934–937.

118. Kim WS, Pyun WB, Kang BC. The primary patency of percutaneous
transluminal angioplasty in hemodialysis patients with vascular access
failure. Korean Circ J 2011; 41:512–517.

119. Aftab SA, Tay KH, Irani FG, et al. Randomized clinical trial of cutting
balloon angioplasty versus high-pressure balloon angioplasty in hemo-
dialysis arteriovenous fistula stenoses resistant to conventional balloon
angioplasty. J Vasc Interv Radiol 2014; 25:190–198.

120. Peregrin JH, Rocek M. Results of a peripheral cutting balloon pro-
spective multicenter European registry in hemodialysis vascular access.
Cardiovasc Intervent Radiol 2007; 30:212–215.

121. Wu CC, Lin MC, Pu SY, Tsai KC, Wen SC. Comparison of cutting
balloon versus high-pressure balloon angioplasty for resistant venous
stenoses of native hemodialysis fistulas. J Vasc Interv Radiol 2008; 19:
877–883.

122. Carrafiello G, Lagana D, Mangini M, et al. Cutting balloon angioplasty
for the treatment of haemodyalisis vascular accesses: midterm results.
Radiol Med 2006; 111:724–732.

123. Bhat R, McBride K, Chakraverty S, Vikram R, Severn A. Primary
cutting balloon angioplasty for treatment of venous stenoses in native
hemodialysis fistulas: long-term results from three centers. Cardiovasc
Intervent Radiol 2007; 30:1166–1170; discussion 1171–1172.

124. Maeda K, Furukawa A, Yamasaki M, Murata K. Percutaneous trans-
luminal angioplasty for Brescia-Cimino hemodialysis fistula dysfunction:
technical success rate, patency rate and factors that influence the
results. Eur J Radiol 2005; 54:426–430.

125. Manninen HI, Kaukanen E, Makinen K, Karhapaa P. Endovascular
salvage of nonmaturing autogenous hemodialysis fistulas: comparison
with endovascular therapy of failing mature fistulas. J Vasc Interv Radiol
2008; 19:870–876.

126. Rajan DK, Platzker T, Lok CE, et al. Ultrahigh-pressure versus high-
pressure angioplasty for treatment of venous anastomotic stenosis in
hemodialysis grafts: is there a difference in patency? J Vasc Interv
Radiol 2007; 18:709–714.

127. Shemesh D, Goldin I, Zaghal I, Berlowitz D, Raveh D, Olsha O. Angio-
plasty with stent graft versus bare stent for recurrent cephalic
arch stenosis in autogenous arteriovenous access for hemodialysis:
a prospective randomized clinical trial. J Vasc Surg 2008; 48:
1524–1531, 1531.e1–2.

128. Pan HB, Liang HL, Lin YH, et al. Metallic stent placement for treating
peripheral outflow lesions in native arteriovenous fistula hemodialysis
patients after insufficient balloon dilatation. AJR Am J Roentgenol 2005;
184:403–409.

129. Kolakowski S Jr, Dougherty MJ, Calligaro KD. Salvaging prosthetic
dialysis fistulas with stents: forearm versus upper arm grafts. J Vasc
Surg 2003; 38:719–723.

130. Kim CY, Tandberg DJ, Rosenberg MD, Miller MJ, Suhocki PV, Smith
TP. Outcomes of prosthetic hemodialysis grafts after deployment of
bare metal versus covered stents at the venous anastomosis. Cardio-
vasc Intervent Radiol 2012; 35:832–838.

131. Vogel PM, Parise C. Comparison of SMART stent placement for
arteriovenous graft salvage versus successful graft PTA. J Vasc Interv
Radiol 2005; 16:1619–1626.

132. Sreenarasimhaiah VP, Margassery SK, Martin KJ, Bander SJ. Salvage
of thrombosed dialysis access grafts with venous anastomosis stents.
Kidney Int 2005; 67:678–684.

133. Bent CL, Rajan DK, Tan K, et al. Effectiveness of stent-graft placement
for salvage of dysfunctional arteriovenous hemodialysis fistulas. J Vasc
Interv Radiol 2010; 21:496–502.

134. Webb KM, Cull DL, Carsten CG 3rd, Johnson BL, Taylor SM. Outcome
of the use of stent grafts to salvage failed arteriovenous accesses. Ann
Vasc Surg 2010; 24:34–38.

135. Shawyer A, Fotiadis NI, Namagondlu G, et al. Cephalic arch stenosis in
autogenous haemodialysis fistulas: treatment with the VIABAHN stent-
graft. Cardiovasc Intervent Radiol 2013; 36:133–139.

136. Schmelter C, Raab U, Lazarus F, Ruppert V, Vorwerk D. Outcomes of
AV fistulas and AV grafts after interventional stent-graft deployment in
haemodialysis patients. Cardiovasc Intervent Radiol 2015; 38:878–886.

137. Dolmatch BL, Duch JM, Winder R, et al. Salvage of angioplasty
failures and complications in hemodialysis arteriovenous access using
the FLUENCY Plus Stent Graft: technical and 180-day patency results.
J Vasc Interv Radiol 2012; 23:479–487.

138. Nassar GM, Suki D, Rhee E, Khan AJ, Nguyen B, Achkar K. Outcomes
of arteriovenous grafts following simultaneous thrombectomy and stent
graft placement across the venous anastomosis. Semin Dial 2014; 27:
639–644.

139. Turmel-Rodrigues L, Pengloan J, Rodrigue H, et al. Treatment of failed
native arteriovenous fistulae for hemodialysis by interventional radiol-
ogy. Kidney Int 2000; 57:1124–1140.

140. Sofocleous CT, Hinrichs CR, Weiss SH, et al. Alteplase for hemodial-
ysis access graft thrombolysis. J Vasc Interv Radiol 2002; 13:775–784.

141. Littler P, Cullen N, Gould D, Bakran A, Powell S. AngioJet thrombec-
tomy for occluded dialysis fistulae: outcome data. Cardiovasc Intervent
Radiol 2009; 32:265–270.

142. Kakkos SK, Haddad GK, Haddad J, Scully MM. Percutaneous rheolytic
thrombectomy for thrombosed autogenous fistulae and prosthetic

Volume 27 ’ Number 10 ’ October ’ 2016 1529



arteriovenous grafts: outcome after aggressive surveillance and endo-
vascular management. J Endovasc Ther 2008; 15:91–102.

143. Bakken AM, Galaria II, Agerstrand C, et al. Percutaneous therapy to
maintain dialysis access successfully prolongs functional duration after
primary failure. Ann Vasc Surg 2007; 21:474–480.

144. Cull DL, Washer JD, Carsten CG, Keahey G, Johnson B. Description
and outcomes of a simple surgical technique to treat thrombosed
autogenous accesses. J Vasc Surg 2012; 56:861–865.

145. Manninen HI, Kaukanen ET, Ikaheimo R, et al. Brachial arterial access:
endovascular treatment of failing Brescia-Cimino hemodialysis fistulas—
initial success and long-term results. Radiology 2001; 218:711–718.

146. Falk A, Mitty H, Guller J, Teodorescu V, Uribarri J, Vassalotti J.
Thrombolysis of clotted hemodialysis grafts with tissue-type plasmino-
gen activator. J Vasc Interv Radiol 2001; 12:305–311.

147. Shemesh D, Goldin I, Berelowitz D, Zaghal I, Olsha O. Thrombolysis
for early failure of prosthetic arteriovenous access. J Vasc Surg 2008;
47:585–590.

148. Smits HF, Smits JH, Wust AF, Buskens E, Blankestijn PJ. Percuta-
neous thrombolysis of thrombosed haemodialysis access grafts: com-
parison of three mechanical devices. Nephrol Dial Transplant 2002; 17:
467–473.

149. Vogel PM, Bansal V, Marshall MW. Thrombosed hemodialysis
grafts: lyse and wait with tissue plasminogen activator or urokinase
compared to mechanical thrombolysis with the Arrow-Trerotola
Percutaneous Thrombolytic Device. J Vasc Interv Radiol 2001; 12:
1157–1165.

150. Barth KH, Gosnell MR, Palestrant AM, et al. Hydrodynamic thrombec-
tomy system versus pulse-spray thrombolysis for thrombosed hemo-
dialysis grafts: a multicenter prospective randomized comparison.
Radiology 2000; 217:678–684.

151. 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:E15–22.

152. Jain G, Maya ID, Allon M. Outcomes of percutaneous mechanical
thrombectomy of arteriovenous fistulas in hemodialysis patients. Semin
Dial 2008; 21:581–583.

153. Maleux G, De Coster B, Laenen A, et al. Percutaneous rheolytic
thrombectomy of thrombosed autogenous dialysis fistulas: technical
results, clinical outcome, and factors influencing patency. J Endovasc
Ther 2015; 22:80–86.

154. Heye S, Van Kerkhove F, Claes K, Maleux G. Pharmacomechanical
thrombectomy with the Castaneda brush catheter in thrombosed hemo-
dialysis grafts and native fistulas. J Vasc Interv Radiol 2007; 18:1383–1388.

155. Han M, Kim JD, Bae JI, et al. Endovascular treatment for immature
autogenous arteriovenous fistula. Clin Radiol 2013; 68:e309–315.

156. Clark TW, Cohen RA, Kwak A, et al. Salvage of nonmaturing native
fistulas by using angioplasty. Radiology 2007; 242:286–292.

157. Liang HL, Fu JH, Wang PC, et al. Endovascular salvage of immature
autogenous hemodialysis fistulas. Cardiovasc Intervent Radiol 2014; 37:
671–678.

158. Bakken AM, Protack CD, Saad WE, Lee DE, Waldman DL, Davies
MG. Long-term outcomes of primary angioplasty and primary stenting
of central venous stenosis in hemodialysis patients. J Vasc Surg 2007;
45:776–783.

159. Kim YC, Won JY, Choi SY, et al. Percutaneous treatment of central
venous stenosis in hemodialysis patients: long-term outcomes. Cardi-
ovasc Intervent Radiol 2009; 32:271–278.

160. Ozyer U, Harman A, Yildirim E, Aytekin C, Karakayali F, Boyvat
F. Long-term results of angioplasty and stent placement for treatment
of central venous obstruction in 126 hemodialysis patients: a 10-year
single-center experience. AJR Am J Roentgenol 2009; 193:1672–1679.

161. Anaya-Ayala JE, Smolock CJ, Colvard BD, et al. Efficacy of covered
stent placement for central venous occlusive disease in hemodialysis
patients. J Vasc Surg 2011; 54:754–759.

162. Moossavi S, Regan JD, Pierson ED, et al. Non-surgical salvage of
thrombosed arterio-venous fistulae: a case series and review of the
literature. Semin Dial 2007; 20:459–464.

163. Karnabatidis D, Kitrou P, Spiliopoulos S, et al. Stent-grafts versus
angioplasty and/or bare metal stents for failing arteriovenous grafts: a
cross-over longitudinal study. J Nephrol 2013; 26:389–395.

164. Ozkan B, Gungor D, Yildirim UM, Harman A, Ozen O, Aytekin C.
Endovascular stent placement of juxtaanastomotic stenosis in native
arteriovenous fistula after unsuccessful balloon angioplasty. Iran J
Radiol 2013; 10:133–139.

165. Yurkovic A, Cohen RD, Mantell MP, et al. Outcomes of thrombectomy
procedures performed in hemodialysis grafts with early failure. J Vasc
Interv Radiol 2011; 22:317–324.

166. Vashchenko N, Korzets A, Neiman C, et al. Retrospective comparison
of mechanical percutaneous thrombectomy of hemodialysis arterio-
venous grafts with the Arrow-Trerotola device and the lyse and wait
technique. AJR Am J Roentgenol 2010; 194:1626–1629.

167. Rajan DK, Clark TW, Simons ME, Kachura JR, Sniderman K. Procedural
success and patency after percutaneous treatment of thrombosed
autogenous arteriovenous dialysis fistulas. J Vasc Interv Radiol 2002; 13:
1211–1218.

168. Won JH, Bista AB, Bae JI, et al. A venotomy and manual propulsion
technique to treat native arteriovenous fistulas occluded by thrombi.
AJR Am J Roentgenol 2012; 198:460–465.

169. Joo SM, Kim HC, Min SI, et al. Recanalization of thrombosed arterio-
venous fistulas for hemodialysis by minimal venotomy. J Vasc Interv
Radiol 2013; 24:401–405.

170. Shatsky JB, Berns JS, Clark TW, et al. Single-center experience with
the Arrow-Trerotola Percutaneous Thrombectomy Device in the man-
agement of thrombosed native dialysis fistulas. J Vasc Interv Radiol
2005; 16:1605–1611.

171. Miyayama S, Matsui O, Taki K, et al. Occluded Brescia-Cimino
hemodialysis fistulas: endovascular treatment with both brachial arterial
and venous access using the pull-through technique. Cardiovasc
Intervent Radiol 2005; 28:806–812.

172. Gebhard TA, Bryant JA, Adam Grezaffi J, et al. Percutaneous inter-
ventions on the hemodialysis reliable outflow vascular access device. J
Vasc Interv Radiol 2013; 24:543–549.

173. Fink A, Kosefcoff J, Chassin M, Brook RH. Consensus methods:
characteristics and guidelines for use. Am J Public Health 1984; 74:
979–983.

174. Leape LL, Hilborne LH, Park RE, et al. The appropriateness of use of
coronary artery bypass graft surgery in New York State. JAMA 1993;
269:753–760.

SIR DISCLAIMER
The clinical practice guidelines of SIR attempt to define practice principles that generally should assist in producing
high-quality medical care. These guidelines are voluntary and are not rules. A physician may deviate from these
guidelines, as necessitated by the individual patient and available resources. These practice guidelines should not be
deemed inclusive of all proper methods of care or exclusive of other methods of care that are reasonably directed
toward the same result. Other sources of information may be used in conjunction with these principles to produce a
process leading to high-quality medical care. The ultimate judgment regarding the conduct of any specific procedure
or course of management must be made by the physician, who should consider all circumstances relevant to the
individual clinical situation. Adherence to the SIR Quality Improvement Program will not ensure a successful
outcome in every situation. It is prudent to document the rationale for any deviation from the suggested practice
guidelines in the department policies and procedure manual or in the patient’s medical record.
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