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Abstract: Arteriovenous fistulas (AVFs) and grafts (AVGs) are the preferred forms of vascular access for
hemodialysis in patients with severe renal dysfunction. Multimodality imaging plays an important role in the
pre-procedural evaluation of these patients. Ultrasound is often used for pre-procedural vascular mapping
in preparation for the creation of an AVF or AVG. Pre-procedural mapping includes a comprehensive
evaluation of the arterial and venous vasculature including evaluation of vessel diameter, stenosis, course,
presence of collateral veins, wall thickness and wall abnormalities. Computed tomography (CT), magnetic
resonance imaging (MRI) or catheter angiography are used when sonography is not available or when further
characterization of sonographic abnormalities is required. Following the procedure, routine surveillance
imaging is not recommended. If there are any clinical concerns or if physical examination is inconclusive,
further evaluation with ultrasound is warranted. Ultrasound allows for assessment of vascular access site
maturation by evaluating the time-averaged blood flow and helping characterize the outflow vein in the case
of an AVE. CT and MRI can play a complementary role to ultrasound. Vascular access site complications
include non-maturation, aneurysm, pseudoaneurysm, thrombosis, stenosis, steal phenomena or occlusion
typically of the outflow vein, infection, bleeding and rarely angiosarcoma. In this article, we review the
role of multimodality imaging in the pre- and post-procedural evaluation of patients with AVF and AVG.
Additionally, novel technologies of vascular access site creation using endovascular techniques and upcoming

non-invasive imaging techniques for evaluation of AVFs and AVGs are discussed.
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Introduction relies on the individual clinical situation, judgement of the

Renal replacement therapy (RRT) is required for the physician and local availability of resources and expertise.

management of end stage renal disease (ESRD) in more
than 2 million patients worldwide (1,2). Vascular access sites

Imaging plays an important role both pre-procedurally
and following access site creation for evaluation of vessel

for hemodialysis include tunneled or non-tunneled central adequacy and detection of post-procedural complications.

venous catheters (CVCs), arteriovenous fistulas (AVFs) and Each imaging modality has unique disadvantages that need

arteriovenous grafts (AVGs). Overall, AVF is the preferred
vascular access type due to lower rate of complications
and increased longevity when compared to other access
sites. Ultimately, the choice of the vascular access type
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to be considered when deciding which might be best to
serve each particular patient while considering local exam
availability.

In this article, we review the role of multimodality
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Figure 1 Flow chart outlining the pre- and post-procedural role of imaging in the evaluation of patients with arteriovenous fistulas/grafts.

ESRD, end stage renal disease; AVE, arteriovenous fistula; CT, computed tomography; MRI, magnetic resonance imaging.

imaging in the pre- and post-procedural evaluation
of patients with AVF and AVG (Figure 1), explore the
individual advantages and disadvantages of each imaging
modality, discuss post-procedural complications using
illustrative case examples and briefly introduce novel non-
invasive imaging modalities that have shown promise in this
patient population. While prior imaging reviews of AVF
and AVG mostly focus on a single modality, our work to our
knowledge is the first aiming to comprehensively introduce

the multimodality evaluation of AVF and AVG.
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Vascular access types

AVFs have become the preferred hemodialysis vascular
access since first described by Brescia ez 4l. in 1966 (3). AVF
creation involves the anastomosis of an artery and vein in
an end-to-end, side-to-end or side-to-side fashion with the
goal of eventual maturation of the venous outflow tract to
allow repeated cannulation with the two large bore lines
required for hemodialysis (4). Immediate hemodynamic
alterations across the fistula such as increased flow, altered
pressure and increased shear-stress facilitate the eventual
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Figure 2 Imaging appearances of normal arteriovenous fistulas. Grayscale (A) and color Doppler (B) ultrasound images of a left end-to-

side radiocephalic fistula at the level of the anastomosis. Representative digital subtraction angiography image (C) of a left end-to-side

brachiocephalic arteriovenous fistula with compression of the outflow vein by a hemostat. Volume-rendered CT image (D) of a right end-to-

side brachiobasilic fistula. CT, computed tomography.

maturation of the fistula (5). AVGs are the second preferred
long-term vascular access type, involving the creation
of an arteriovenous conduit by anastomosing a vein and
artery to a graft, usually made from synthetic material.
Less commonly used graft materials include femoral vein
allografts and xenografts (6). AVFs are associated with
lower risk of infection, thrombosis & steal syndrome, fewer
reinterventions, and longer access lifespans than AVGs (7).
The KDOQI (Kidney Disease Outcomes Quality
Initiative) guidelines recommend creation of initial AVF in
the distal forearm with a snuffbox or distal radiocephalic
or transposed radio-basilic fistula (8). This preserves the
vascular integrity of the proximal forearm and arm for
subsequent AVF creation (Figure 2). After forearm options
are exhausted, a brachiobasilic or brachiocephalic fistula
may be considered (9). Lower extremity access options
are less commonly used, and include femoral artery-
femoral vein transposition, superficial femoral artery-
great saphenous vein looped transposition and posterior
tibial artery-greater saphenous vein AVF as well as AVGs
in the upper or midthigh (10). Less commonly, looped
grafts connecting an axillary vein with the contralateral
axillary artery in a “necklace” configuration have also been

© Cardiovascular Diagnosis and Therapy. All rights reserved.

described in patients with exhausted conventional access site
options (11).

Percutaneous AVF (EndoAVF) is an innovative,
minimally invasive technique with high technical success,
low re-intervention rates and good usability (12). WavelinQ
4F endoAVF system (Becton, Dickinson and Company,
NJ, USA) and the Ellipsys Vascular Access System (Avenu
Medical, San Juan Capistrano, CA, USA) are the two
percutaneous AVF systems currently available for clinical
use. The WavelinQ EndoAVF device involves magnetic
attraction of catheters placed in an artery and a vein (usually
the ulnar/radial arteries and ulnar/radial veins) followed by
creation of a fistula using radiofrequency (RF) energy under
fluoroscopic guidance. The WavelinQ device is potentially
more cost-effective than a surgical AVF (13). The Ellipsys
Vascular Access System uses thermal resistance via a single
catheter to create an arteriovenous anastomosis between
the proximal radial artery and a perforating vein under
sonographic guidance.

CVCs are currently used only when an AVF or AVG
is not a viable option. Non-tunneled CVCs are directly
inserted in the central veins and are not used longer than 2
weeks due to risk of complications. Tunneled CVCs can be
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Table 1 Advantages of different imaging modalities in the evaluation of AVFs/AVGs

Imaging modality Advantages

Disadvantages

Ultrasound Non-invasive Operator dependence
Portable Inter-reader variability
Hemodynamic assessment Cannot evaluate central vasculature
Guidance for endo-AVF (Ellipsys) Small field-of-view
No radiation

Catheter angiography  Ability to both diagnose and intervene in single session Invasive
Creation of endo-AVF (WavelinQ) Radiation

Computed tomography Large field of view
Evaluation of central vasculature
Evaluation of extravascular structures
Rapid turnaround
Multiplanar reconstruction
Not operator dependent
Magnetic resonance Large field of view
Evaluation of central vasculature
Evaluation of extravascular structures

Hemodynamic assessment

Multiplanar acquisition

Cannot assess extra-vascular structures
Limited evaluation of vascular wall
Operator dependence

Artifacts (motion, mixing)

Radiation exposure

lodinated contrast use in severe renal dysfunction

Prolonged scan time
Nephrogenic systemic fibrosis risk (with Gadolinium)

Artifacts (motion)

AVFs, arteriovenous fistulas; AVGs, arteriovenous grafts; endo-AVF, endo-arteriovenous fistula.

used longer, with the portion of catheter tunneled under the
skin prior to venous insertion serving as a potential barrier to
infection (8). Long-term use of CVCs may cause thrombosis
or stenosis of the accessed central vein which may preclude

consideration for AVF/AVG creation in the future (14).

Imaging evaluation of AVFs and AVGs

Multiple imaging modalities can be used in the pre- and
post-procedural evaluation of AVF and AVG patients,
each with their advantages and disadvantages (Tuble I).
Ultrasound is the cornerstone imaging modality for
comprehensive vascular evaluation, both prior to and
following the procedure. Grayscale, color, and spectral
techniques allow anatomic and hemodynamic assessment
of the vasculature as well as surrounding extravascular

© Cardiovascular Diagnosis and Therapy. All rights reserved.

structures. Computed tomography (CT), magnetic
resonance imaging (MRI) or catheter angiography are
considered when sonography is not available or diagnostic
and when further characterization of sonographic
abnormalities is required.

Pre-procedural imaging

Detailed sonographic anatomic evaluation and vascular
mapping is important for procedural planning (Figure 3).
Pre-procedural arterial evaluation includes documentation
of vessel diameter, stenosis, vessel course, wall thickness
and wall alterations (e.g., atherosclerosis) (4). For the upper
extremity, the subclavian, axillary, brachial, radial and ulnar
arteries are evaluated. The distance from the brachial artery
bifurcation to the antecubital fossa is reported. Venous
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Figure 3 Representative ultrasound images from a pre-surgical bilateral upper extremity vascular mapping examination with corresponding

graphical representation (A). On vein mapping studies, the cephalic and basilic veins are measured inner wall to inner wall at the upper/mid/

lower humerus, antecubital fossa, upper/mid/lower forearm, and wrist. Grayscale ultrasound images demonstrating the diameter of the right

cephalic (B) and basilic (C) veins at the level of the upper humerus. Color and spectral Doppler images for evaluation of the right radial (D)

and ulnar (E) arteries at the level of the wrist. Evaluation of the central arterial and venous vasculature is also performed. RT, right; LT, left;

PS, peak systolic velocity.

evaluation includes mapping of the entire course and
branching of the superficial and deep systems including the
internal jugular, brachiocephalic, subclavian, axillary, and
cephalic veins. Diameter measurements (measured inner-
wall to inner wall) are reported for the cephalic and basilic
veins at the upper/mid/lower humerus, antecubital fossa,
upper/mid/lower forearm and wrist. Vessel patency and
wall characteristics (e.g., thickening or post-thrombotic
webbing) are documented (4). For endoAVF procedures,
additional parameters evaluated include the presence of
perforator vein, distance between the target artery & vein
and diameter of access vessels, with minimal diameter of
2 mm required for the last two parameters (Table 2).
Reactive hyperemia is measured by resistive index (RI),
which is derived from spectral Doppler evaluation at
ischemic state induced by forming a fist for 2 minutes
followed by hand re-opening. RI is calculated as (PSV-
EDV)/EDV with PSV = peak systolic velocity and EDV
= end diastolic velocity. The greater the degree of reactive
hyperemia, the lower the RI and the higher the ability of the

© Cardiovascular Diagnosis and Therapy. All rights reserved.

vessel to dilate. The absence of reactive hyperemia (RI >0.7
on hand re-opening) has been shown to be predictive of
postoperative AVF failure (15). Venous distensibility can be
evaluated by measurement of vessel diameter before and at
2 minutes after placement of a torniquet. Vein distensibility
is also a predictor of post-operative outcomes, with a mean
dilatation of 48% in successful AVFs versus 11% in AVF
failure (15). The presence and diameter of accessory veins
including their distance from the anastomosis following
AVF creation have also been associated with maturation

ability (4).

Post-procedural imaging

Following the procedure, the ability of AVF/AVG to sustain
hemodialysis is initially assessed by clinical examination. If
there are no concerning signs or symptoms, hemodialysis
can be attempted. Routine surveillance imaging in the
asymptomatic patient is not recommended (16). If any
clinical concern arises or if the physical examination is
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Technical standards Arterial evaluation

Venous evaluation

Linear probe with frequency at least
7 MHz for grayscale imaging and
5 MHz for hemodynamic assessment ulnar arteries

@)

Morphological assessment including vessel

Doppler and grayscale evaluation of the
subclavian, axillary, brachial, radial, and

Doppler and grayscale evaluation of the deep and
superficial venous system

Tourniquet used to facilitate evaluation

diameter, wall thickness, wall alterations,
vessel course, stenosis/occlusions

Hemodynamic assessment including blood
flow and vasodilatory ability

Calcifications

>2 mm arterial diameter for AVF

Reactive hyperemia assessment

Vessel patency and diameter

Number & diameter of accessory veins

>2 mm venous diameter for AVF creation without
tourniquet (>2.5 mm with tourniquet) (4)

Basilic vein adequate in size for at least 4 cm
EndoAVF —diameter of >2 mm (12)

Ellipsys endoAVF —perforator <1.5 mm from the
radial artery (Medtronic)

Venous distensibility assessment

AVF, arteriovenous fistula.

inconclusive, further evaluation with ultrasound may be
warranted. CT and MRI can play a complementary role to
ultrasound in the comprehensive evaluation of intra-and
extra-vascular structures.

Maturation of AVF/AVG

Following AVF creation, sonographic calculation of blood
flow through the fistula is a valuable benchmark for assessing
fistula adequacy to sustain hemodialysis (7zble 3). Blood
flow (in milliliters per minute) through the fistula is derived
from the velocity and diameter of the blood vessel (18).
Although direct measurement of flow within the venous
outflow tract is ideal, the outflow tract is susceptible to
probe compression which leads to distortion of vessel
diameter and potentially inaccurate flow measurements,
especially with an inexperienced operator. Arterial flow
measurements can be used as a surrogate for fistula flow
due to lower measurement errors secondary to its thicker
wall, lower compressibility and longer straight segments of
similar diameter (18). At our institution, flow measurements
are obtained three times and averaged at a straight segment
of outflow vein near the anastomosis, where arterialized
laminar blood flow (waveform with definite peak systolic and

© Cardiovascular Diagnosis and Therapy. All rights reserved.

end diastolic velocities) is noted (Figure 4). A sample volume
at the center of the vessel that includes 50-70% of the vessel
lumen and an alpha angle of <60 degrees is essential for
accurate measurement of flow (4). The two most important
parameters of a mature fistula include a long-segment of
venous outflow tract (at least 5-6 cm) to allow space for
adequate cannulation and a time-averaged fistula flow of at
least 500 mL/min (7,17). Additional parameters of a matured
AVF include fistula depth of <5-6 mm and a venous outflow
tract diameter of 4 mm or more (7,18).

Non-maturation of fistula

AVF non-maturation is defined as the inability to use a
fistula within 3 months of creation despite appropriate
interventions (19). Non-maturation can be either due to
inflow or outflow problems. Inflow problems can be due
to native arterial disease, anastomotic stenosis, or juxta-
anastomotic stenosis within 4 cm from the anastomotic site
(Figure 5) (7,18). Outflow problems can be due to proximal
venous stenosis or presence of collateral/accessory veins
(Figure 6) (7). The most common cause of fistula non-
maturation is proximal venous stenosis (accounting for 60%
of failures), followed by anastomotic stenosis and presence
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Table 3 Summary of post-AVF sonographic evaluation practice parameters and technical standards per the 2019 ACR-AIUM-SRU

recommendations (17)

Technical standards

Anatomic and hemodynamic parameters

Helpful points for interpretation

Grayscale, Doppler, spectral
evaluation

Linear probe

Frequency =7 MHz

Lower frequency for central
vessels

Higher frequency (9-15 MHz)
for flow rate

Gain & scale adjusted as
needed

Appropriate wall filter for
evaluated vessel

Doppler angle <60 degrees

Fistula diameter

PSV at anastomosis

PSV in feeding artery 2 cm upstream from
anastomosis

Visible narrowing or color aliasing of draining vein
with velocity measurements by spectral Doppler

If vein narrowing is noted, compared PSV of vein
2 cm caudally

Angulation of venous origin at anastomosis on
grayscale imaging (may elevate PSV if sharp)

Ipsilateral spectral Doppler evaluation of internal
jugular and subclavian veins

Comprehensive evaluation of the inflow artery

Significant stenosis =50% luminal narrowing
compared to normal upstream vascular segment
(artery or vein)

PSV ratio (anastomosis/artery 2 cm upstream) >3 may
represent >50% stenosis

PSV >375 cm/s at the anastomosis or draining vein
may represent >50% stenosis

PSV ratio (narrowed draining vein/vein 2 cm caudally)
>2:1 may represent >50% stenosis

Parvus and tardus arterial waveforms are post-
stenotic in the inflow artery

Outflow vein diameter equal to or greater than
0.4-0.6 cm and blood flow =500-600 mL/min
associated with high likelihood of successful use

Straight segment of outflow vein measuring at least
5-6 cm

Flow direction in artery distal (caudal) to anastomosis

Blood flow at midportion of a straight segment of

draining vein with laminar flow typically 10 cm cranial

to anastomosis

Blood flow sample volume alignment perpendicular

to venous walls
Three separate blood flow measurements

Ensure future blood flow measurements in same
location

Outflow vein diameter and length of straight segment

Size and distance from anastomosis of outflow vein

branches (accessory veins)

AVF, arteriovenous fistula; ACR, American College of Radiology; AIUM, American Institute of Ultrasound in Medicine; SRU, Society of

Radiologists in Ultrasound; PSV, peak systolic velocity.

of collateral veins (7). Decreased effective blood flow
through the outflow vein, either by dissipation of flow with
collateral veins or increased vascular resistance with steno-
occlusive lesions prevents the hemodynamic stress needed
in the outflow vein for maturation. Low flow volumes are
predictive of thrombosis and failure for both AVFs and
AVGs (4). Demographic risk factors of non-maturation
include age >65 years old, white race, female sex, peripheral
vascular disease and coronary artery disease (7). Common
causes of AVG dysfunction are venous anastomotic stenosis
and central stenosis. AVGs can also develop intragraft

© Cardiovascular Diagnosis and Therapy. All rights reserved.

stenosis secondary to cumulative graft material disruption
from routine use (18).

Complications of AVF/AVG

Chronic complications of AVF/AVG include aneurysm,
pseudoaneurysm, thrombus, stenosis, steal phenomena or
occlusion. Although the outflow vein is expected to dilate
normally due to increased flow after AVE, focal dilatation
of the outflow vein greater than two times the normal
caliber of the adjacent fistula vein segment is considered

Cardiovasc Diagn Ther 2023;13(1):196-211 | https://dx.doi.org/10.21037/cdt-22-439
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Figure 4 Post-procedural flow measurement. Color and spectral
Doppler images at a straight segment of cephalic vein outflow
15 cm below the antecubital fossa with measurement of flow
volume of a radiocephalic fistula. At our institution, the average
of three flow velocity measurements is obtained and used for
reporting purposes. PS, peak systolic velocity; ED, end diastolic
velocity; VolFlow, flow volume; VF Diam, vessel diameter;

TAMEAN, time averaged mean velocity.
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aneurysmal (20). Pseudoaneurysm occurs at the site of vein
puncture and may communicate with the outflow vein via
a thin neck, demonstrating to-and-fro flow (Figures 7,8).
Aneurysm and pseudoaneurysm can be treated surgically or
endovascularly, although a stent would limit future needle
access. Small saccular pseudoaneurysms can be treated
with thrombin injection or compression (21-23). High
resistance Doppler waveform or focally elevated velocity
is suggestive of a hemodynamically significant stenosis
(Figures 9,10). Balloon dilatation, stent implantation
or surgical revision may be necessary when significant
stenosis or occlusion develops (Figure 10). Central venous
or outflow vein stenosis can result in venous hypertension
which may present as chronic extremity swelling and skin
changes related to venous stasis. Thrombus is seen in
ultrasound as a non-occlusive or occlusive filling defect,
typically in the outflow vessel (Figures 11,12).

Steal syndrome can result from reduced blood flow

Figure 5 Inflow problems in AVE. Grayscale (A) and color and spectral Doppler (B) ultrasound images of a left brachiobasilic fistula

demonstrating mild stenosis at the anastomotic site (arrow) with focal elevated flow velocity (700 cm/s). Volume-rendered CT image (C) of

a left brachiobasilic fistula in another patient with more than 50% stenosis (arrow) at the anastomosis. Color and spectral Doppler images

of the left brachial artery at the level of the upper humerus (D) and of the left radial artery (E) proximal to a left radiocephalic fistula in

another patient showing increased peak velocity at the radial artery (416 cm/s) when compared to the more proximal brachial artery (74 cm/s)

consistent with significant stenosis at the radial artery secondary to native arterial disease. Grayscale (F) and color and spectral Doppler (G)

images of a right radiocephalic fistula in another patient demonstrates a prominent venous valve in the outflow vein at approximately 1 cm

from the anastomotic site (arrow) with associated elevated flow velocity at this level (595 cm/s) consistent with a juxta-anastomotic stenosis

(<4 cm from anastomotic site). AVE, arteriovenous fistula; CT, computed tomography.

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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Figure 6 Outflow problems in AVFE. Color and spectral Doppler images of the right cephalic vein at the level of the upper humerus (A) and at

the level of the shoulder (C) in a patient with brachiocephalic fistula demonstrates increase in velocity in the more proximal vessel (285 cm/s

at the shoulder versus 40 cm/s at the upper humerus), consistent with proximal vein stenosis. Grayscale ultrasound images (B,D) of

two venous collaterals in the outflow vein in another patient with a radiocephalic fistula. Volume-rendered CT image of a right brachiobasilic

fistula (E) in another patient with extensive venous collaterals (arrows) due to a central venous stenosis (not shown here). AVE, arteriovenous

fistula; CT, computed tomography.

#2Long Neck area

Figure 7 Pseudoaneurysm. Color and spectral Doppler ultrasound (A) and a fistulogram (B) in a patient with an arteriovenous fistula show

a 2.1 cm pseudoaneurysm (arrows). The Doppler waveform demonstrates a classic to-and-for flow. The fistulogram also demonstrates a

stenosis upstream from the fistula (arrowhead).

distal to the AVE, leading to ischemia or necrosis. Arterial
steal symptoms are more common with upper arm accesses
with brachial artery anastomosis. In the arm, steal syndrome
presents with reduced movement, coldness, color change,
and pain at rest or exercise. Ultrasound shows reversed
flow in the artery distal to the anastomosis (Figure 13).
Although rare, symptomatic myocardial ischemia from
coronary artery steal has been reported in AVF patients
with an ipsilateral internal mammary artery (IMA) coronary
artery bypass graft (CABG) (24). Hence, the use of the
contralateral IMA is recommended in AVF patients being

© Cardiovascular Diagnosis and Therapy. All rights reserved.

considered for CABG (25). If harvesting of the ipsilateral
IMA is required, pre-operative hemodynamic assessment
of the IMA should be performed as reversed diastolic flow
through the vessel carries a higher risk of coronary steal
upon access creation (26). If the patient already has an IMA
bypass graft, the contralateral arm should be considered for
vascular access first.

Shunting of blood through the vascular access can lead to
development or worsening of heart failure due to chronically
increased venous return to the right heart, especially if
AVF/AVG flow is markedly elevated and/or in those with

Cardiovasc Diagn Ther 2023;13(1):196-211 | https://dx.doi.org/10.21037/cdt-22-439
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Figure 8 Pseudoaneurysm. Coronal oblique reconstructed (A), and volume rendered CT image (B) in a patient with an arteriovenous

fistula shows a pseudoaneurysm (thick arrows) with wide neck from outflow vein just central to basilic stent (narrow arrows). CT, computed

tomography.

HAND

Figure 9 Venous stenosis. Grayscale ultrasound (A) and fistulogram (B) shows marked stenosis due to calcification (arrows) within an

arterialized vein at the level of the low/mid humerus.

Figure 10 Venous outflow stenosis. DSA in a patient with a brachiocephalic fistula shows venous outflow stenosis (arrow) in the left

subclavian vein (A). Intra-procedural fluoroscopic image during balloon angioplasty of the stenosis in the subclavian vein (B). Post-

angioplasty DSA image (C) demonstrates excellent angiographic results with improved flow at the site of subclavian vein stenosis (arrow)

with restoration of fistula thrill on physical examination. DSA, digital subtraction angiogram.

underlying cardiac conditions. One study of 113 renal
transplant patients showed development of high flow rate
(>2 L/min) and heart failure in 25.7% of patients, that
warranted AVF closure to decrease heart failure symptoms
and brain natriuretic peptide (BNP) levels (27). Volume

overload can cause or worsen pulmonary hypertension in
these patients. The prevalence of pulmonary hypertension
increases with declining renal function and is an independent
predictor for all-cause mortality and cardiovascular
events (28). In a study of 215 pre-transplant ESRD patients,
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Figure 11 Occlusion. Grayscale and color and spectral Doppler ultrasound images in a patient with an arteriovenous fistula show mural

thrombus (arrow) within the outflow vein near the fistula (A) with subsequent occlusion of the outflow vein at the level of the low humerus (B).

Note the absence of flow in B. AVF, arteriovenous fistula.

\

Figure 12 Emboli. CT angiogram in a patient with chronically occluded brachiocephalic fistula (A) shows occluded fistula at the level of the

wrist (arrow heads) and multiple non occlusive emboli in the distal left brachial artery near the level of the antecubital fossa (arrows in B and C).

CT, computed tomography.

elevated right-ventricular systolic pressure (RVSP) increased
with longer duration on dialysis. In patients not on dialysis,
RVSP was elevated in 25%, whereas in those on dialysis for
>2 years, RVSP was elevated in 58% (29).

Infection and bleeding of the vascular access site are other
possible complications (Figure 14). The risk of infection
is inherently higher in those with advanced renal disease.
James et al. demonstrated a direct relationship between
renal function and risk of a bloodstream infection in
chronic kidney disease patients not undergoing dialysis (30).
In a meta-analysis including over 70 studies, the rate of AVF
site infection was of 3.7% (31). Erythema, swelling, fluid
collections or phlegmon about the vascular access in a patient
with constitutional symptoms is concerning for infection.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Bleeding at the access site may be due to issues with the
anastomosis, uremia-associated platelet dysfunction, vessel
wall compromise from chronic use or a ruptured aneurysm/
pseudoaneurysm. Angiosarcoma is an exceptionally rare
complication at the access site. A systematic review by
Oskrochi et al. showed 22 patients with angiosarcomas at
AVF/AVG, seen on an average of 10 years after creation, with
most being immunosuppressed patients (32).

Invasive angiography

Digital subtraction angiography (DSA) is an invasive imaging
option which has been historically used in the pre-operative
setting for better evaluation of the central venous vasculature
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DSTL TO AVF ELBOW

Figure 13 Steal syndrome. Color Doppler ultrasound image (A) in a patient with AVF between radial artery and antecubital vein in a side-
to-side fashion at the level of the elbow shows normal flow in both radial and ulnar arteries proximal to the AVE. Color and spectral Doppler
image demonstrate a significant stenosis at the arteriovenous anastomosis (B), with the greatest narrowing at the proximal portion of the
anastomosis with marked elevated velocity of 687 cm/s. Color Doppler image below the AVF shows reversal of flow in the radial artery
(blue) and normal direction (red) in ulnar artery (C,D), consistent with steal syndrome. Coronal MR angiography shows the stenosis at
the proximal portion of the anastomosis (E), which is the cause for the steal in distal forearm. AVE, arteriovenous fistula; MR, magnetic

resonance.

Figure 14 Soft tissue complications. CT angiogram images performed for evaluation of arteriovenous fistulas in two different patients. (A)
Axial CT image demonstrates an intramuscular hematoma within the mid right biceps muscle (arrow) adjacent to the right brachiobasilic
fistula outflow vein. (B) Axial CT image demonstrates extensive subcutaneous soft tissue thickening and edema (arrows) in the right arm in a

patient with a brachiobasilic fistula which is partially visualized. CT, computed tomography.
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Figure 15 MRI evaluation. Coronal MR angiographic MIP image
in a patient with left brachiobasilic fistula shows stenosis of the left
axillary vein and subclavian vein (arrows). Arterial inflow and AVF
anastomosis are not shown. MRI, magnetic resonance imaging;
MR, magnetic resonance; MIP, maximum intensity projection;

AVE arteriovenous fistula.

when compared to ultrasound. Although other less invasive
imaging modalities such as CT and MRI are now able to
evaluate the central vasculature with exquisite detail, the
ability to both diagnose and treat in a single session is a
unique advantage of DSA over other imaging modalities
making this a valuable option in this population if indicated.
In patients with ESRD, the amount of iodinated contrast
used when performing DSA needs to be carefully considered
as this may contribute to worsening renal function and may
precipitate the need for a hemodialysis vascular access site.
Alternatively, the use of CO, as a contrast agent has been
described as a viable alternative to iodinated contrast with the
main advantage of preservation of renal function, a special
consideration in those with already tenuous renal function.
CO, venography has been described as having a high
sensitivity (97%) and specificity (85%) in the evaluation of
upper extremity and central venous patency and stenosis (33).
An intimate understanding of fistula hemodynamics is
required by the interventionalist in order to decrease the risk
of CO, embolism to the brain in the case of arterial reflux of
the contrast agent into the aorta. Given the invasive nature
of DSA, its use should be limited in patients with suspected
deep or superficial AVE/AVG infection due to the theoretical
increased risk of septicemia (34).

cr

CT is a valuable non-invasive imaging option in AVE/
AVG due to improved assessment of central vasculature
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and extravascular structures, which are limitations of
ultrasound and DSA respectively. CT may be most valuable
for further evaluation of a non-diagnostic AVF or AVG
segment on DSA or if local resources and expertise with
sonography are limited (35). CT can detect and characterize
soft tissue infection, fluid collections and/or thrombosed
aneurysms associated with the vascular access site (11).
CT protocol adaptations for AVF/AVG include contrast
injection in the arm opposite to that which has the AVF/
AVG, neutral positioning of the arm with the AVE/AVG
to prevent compression and elevation of the opposite
arm above the head to decrease artifact (36). In addition
to standard axial images, maximum intensity projection
(MIP) and volume-rendered (VR) images are particularly
useful in interpretation (11). In a study of 36 patients, Ko
et al. demonstrated that 4-slice multidetector C'T had a
high sensitivity (98.7%), specificity (97.5%) and negative
(97.2%) and positive (98.8%) predictive values in detection
of stenosis, thrombosis or aneurysm compared to catheter
angiography or surgery (37). Heye et al. showed similar
results in a study of 36 patients on 64-slice multidetector
CT, with CT sensitivity (90.2%), specificity (92.8%),
negative (95.4%) and positive (85.2%) predictive values
for detection of significant (=50%) stenosis in comparison
to catheter angiography (35). Low tube voltage (kV) CT
techniques allow the use of lower radiation and contrast
doses. Dynamic CT angiography can provide high temporal
resolution hemodynamic information, at relatively lower
radiation dose than older generation scanners. In a study
of 35 patients, Meyer er al. showed that dynamic CT
angiography provided additional information and improved
diagnostic confidence that changed more management
options than sonography alone (38).

MRI

Magnetic resonance angiography (MRA) can also provide
a comprehensive evaluation of the entire vasculature of
interest. MRA is typically used if nondiagnostic segments
are noted at DSA (39,40). Contrast enhanced MRA has
excellent specificity (99%), sensitivity (97%) and positive
(96%) and negative (99%) predictive values for the
evaluation of significant stenoses in both AVFs and AVGs
(Figure 15) (39). Despite the improved risk profile of the
new-generation gadolinium contrast agents, a theorical
possibility of developing nephrogenic systemic fibrosis
remains in patients with ESRD. Due to this, careful
consideration should be placed when deciding which MRI
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contrast agent to use in this patient population. Ferumoxytol
(Feraheme, AMAG Pharmaceuticals, Waltham, MA, USA)
is an iron-oxide nanoparticle compound that is US Food and
Drug Administration (FDA)-approved for the treatment of
iron deficiency anemia in adults with chronic kidney disease,
that is increasingly used off-label as a non-gadolinum
based MRI contrast agent. Ferumoxytol holds multiple
advantages over standard gadolinium-based contrast agents
including safe use in ESRD, prolonged blood pool phase
allowing for simplified image acquisition, feasibility of
multiple acquisitions due to persistence for 24-48 hours
and elimination of risk of gadolinium accumulation (41).
Ferumoxytol has a very low serious adverse event rate of
0.2% and anaphylactoid rate of 0.02% when used as an
iron-replacement agent (42). In MRI, adverse reactions
linked to ferumoxytol are extremely rare with Vasanawala
et al. reporting a single case of anaphylactoid reaction in a
group of 2,000 patients (43). Slow infusion of ferumoxytol is
associated with less adverse reactions than a bolus infusion.
A potential disadvantage of slow infusion is arterial &
venous contamination and absence of dynamic information,
which however are not concerns in hemodialysis access
evaluation. 4D flow is another option available with MRI,
which provides the ability to assess flow, pressure, and wall
shear stress. Sugin et 4/. showed that 4D flow MRI velocities
and flow volumes have moderate agreement with ultrasound
values and specific hemodynamic parameters are associated
with AVF maturation and complications (44).

Limitations

This study has multiple limitations worth noting. To our
knowledge, there are no randomized controlled trials
comparing the different imaging modalities in the context
of AVF and AVG evaluation. This makes it difficult to
discuss superiority of one modality over another. Second,
the differences in cost for the individual patient and
overall healthcare system between the different imaging
modalities were not discussed. For this, the authors strongly
recommend use of provider clinical judgement considering
the individual patient, available local resources and awareness
of the advantages and disadvantages of each modality when
deciding how to best evaluate a particular patient.

Conclusions

Hemodialysis is a lifeline for millions of patients with
ESRD. Multimodality imaging evaluation plays a key role
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in assessment of pre-procedural vascular adequacy, as well
as post-procedural assessment of access maturation and
complications. Familiarity with the full gamut of vascular
imaging modalities is important in order to provide optimal
patient-specific care in this growing population.
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