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Introduction 

There has been a steady rise of end-stage renal disease 
(ESRD) patients over the past few decades, with an annual 
incidence of 124,500 and prevalence of 750,000 Americans 
in 2017. The majority of ESRD patients are managed with 
hemodialysis while a minority of patients receive peritoneal 
dialysis or renal transplants (1). Worldwide, around  

2 million patients are managed with hemodialysis (2). 
Hemodialysis access options include central venous 

catheters (CVCs), arteriovenous grafts (AVGs) and 
arteriovenous fistulae (AVF). Among those, AVF and AVG 
are preferred over CVC due to the lower risk of infection (3).  
AVF also have an advantage over AVG with respect to 
primary and secondary patency rates. However, there are 
many barriers to AVF use, including long surgical-wait 
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times for creation as well as variable primary failure rates, 
defined as AVF that are never usable, or fail within the first 
three months. The primary failure rate ranges between 
20–70%. Even with the use of vein mapping and risk 
stratification, failure rate has been as high as 25% (4). The 
pathogenesis of primary AVF failure is complex but can be 
secondary to surgical trauma, technique, or pre-existing 
lesions. 

In 2015, the introduction of percutaneously or 
endovascularly created AVF (endoAVF) offered another 
option for AVF creation. The short-term data on technical 
success and maturation rates have been promising. However, 
many questions remain about the long-term outcomes, 
re-intervention rates, ease of cannulation, cost burden, 
and patient experience. In this review, we aim to discuss 
the history, technique, outcomes, and future direction of 
endoAVF. We present the following article in accordance 
with the Narrative Review reporting checklist (available at 
https://cdt.amegroups.com/article/view/10.21037/cdt-21-
600/rc).

Methods

A literature search was performed on the electronic 
databases including MEDLINE and Embase, from 2015 
to the 2021 to identify all relevant studies. A combination 
of the search terms included “endoAVF”, “endovascular 
arteriovenous fistulae”, and “percutaneous AVF” (Table 1). 
The reference list also included studies identified manually, 
and studies referenced for other purposes. 

History of AVF

Early progress in the development of hemodialysis was 
tempered by the challenge of durable long-term vascular 
access for dialysis. Willem Kolff made significant progress 
over prior attempts at hemodialysis by developing the 
“rotating drum kidney” (5). Despite improvements in 
technique, Dr. Kolff could only complete 12 hemodialysis 
sessions in one patient because the patient lost all vascular 
access options as each session required a surgical cut-down 
to the artery. Vascular access for long-term hemodialysis 
remained a challenge until the 1960s, when the concept 
of placing a “dialysis shunt” between the artery and vein, 
termed Scribner’s shunt, emerged. Initial vascular shunts 
were part-internal and part-external with tapered Teflon 
cannulas surgically inserted in the radial artery and 
adjacent cephalic vein. A portion of these cannulas would 

course subcutaneously before exiting the skin and the 
external portions of these cannulas were then connected by 
additional Teflon and/or silicon tubing while not being used 
for hemodialysis. These internal-external prosthetic shunts 
had many challenges, including frequent clotting, infection, 
cannula dislodgement, pressure erosions of the skin over 
the cannulas and limited patency, which was measured in 
months (6).

Recognition of these short-comings led to Brescia and 
Cimino’s landmark technique paper in 1966 describing 
the first cohort of patients with surgically created AVF for 
hemodialysis (7). They described a side-to-side anastomosis 
created between the radial artery and adjacent forearm vein 
using local anesthesia and a 3-cm incision. The fistulae were 
accessed using a tourniquet to distend the veins and could 
be used as soon as one day after surgery. This technique 
was successful in 13 of 16 patients in their series and those 
patients were dialyzed for 110 dialysis months at the time of 
the publication. The authors noted that all fistulae that were 
successfully used after surgery continued to be used at flow 
rates of 250–300 mL/min without clotting or infection. 

In the years following Brescia and Cimino’s publication, 
many surgical techniques emerged for AVF, including 
end-to-end anastomoses and radial artery side-to-vein 
end anastomoses. As forearm AVF were increasingly 
used for maintenance hemodialysis, alternative access 
creation sites were investigated in patients with inadequate 
forearm vasculature. In 1977, Gracz et al. described their 
experience with creating an anastomosis between the 
perforating vein and brachial artery or radial artery at 
the antecubital fossa (8). A similar concept was proposed 
by Toledo-Pereyra et al. to create proximal forearm AVF 
between the radial artery and cephalic vein, or venous 
perforator (9). Konner et al. proposed a modified Gracz 
technique, where the anastomosis was made using the 
venous perforator (10). Advantages of this technique were 
that it could be used in patients without adequate distal 
forearm veins, the smaller diameter of the perforating 
vein could prevent a high-flow fistula, multiple upper arm 
veins could serve as access veins, and the anastomosis lay 
deep in the antecubital fossa such that it was unlikely to 
be inadvertently punctured during hemodialysis access. 
Ultimately, the Gracz fistulae and proximal radial artery 
fistulae laid the conceptual groundwork for endoAVF. 

Challenges of surgical AVF 

Primary failure accounts for 20–70% of surgical AVF (4). 

https://cdt.amegroups.com/article/view/10.21037/cdt-21-600/rc
https://cdt.amegroups.com/article/view/10.21037/cdt-21-600/rc
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Furthermore, AVF require on average 1 to 2 interventions 
per patient year to assist with maturation and maintenance 
(11,12). The pathogenesis of surgical AVF failure is complex 
and can be broadly divided into pre-existing lesions, 
acquired lesions, and suboptimal remodeling. Pre-existing 
lesions, such as pre-existing venous and arterial stenosis, can 
be identified with pre-procedural imaging. De novo lesions, 
most often occurring in the juxta-anastomotic segment, 
may be caused by increased shear stress, surgical technique, 
or vessel manipulation during fistula creation. These factors 
trigger a pro-inflammatory cascade, involving upregulations 
of leukotrienes, chemokines, and vasoactive molecules. The 
pro-inflammatory factors in turn cause adventitial fibroblast 
activation, smooth muscle cell migration, and unfavorable 
vessel remodeling. The cascade of events culminates in 

neointimal hyperplasia, leading to luminal narrowing 
and primary AVF failure and can be a cause for delayed 
maturation (13). 

The consequence of primary failure and long maturation 
times of AVF is increased initiation of hemodialysis with 
CVC, longer indwelling CVC time, patient resistance 
to surgical AVF, and associated increased morbidity 
and mortality secondary to longer CVC use (3). These 
issues remain even more relevant in present times as the 
proportion of patients who remain on CVC for dialysis has 
been increasing (1). 

Inception of the endovascular AVF 

Since the initial published experience of proximal radial 
artery fistulae and antecubital fistulae by Gracz and Toledo-
Pereyra, several studies have validated the benefits of these 
fistulae over conventional upper arm fistulae with respect 
to relatively improved primary failure rates, high primary 
patency, and decreased risk of steal and high-output 
cardiac failure (14-16). The motivation to develop a fistula 
percutaneously or endovascularly was to minimize surgical 
trauma to the vessels during creation of the anastomosis, 
which was hypothesized to result in improved primary 
patency and decreased primary failure rates.

EndoAVF design is based heavily on the experience 
of Gracz and Toledo-Pereyra with respect to superficial 
and deep arm venous anatomy (Figure 1), and further 
characterized by Hull et al. (17). Briefly, the superficial 
venous system of the arm is comprised of the cephalic, 
basilic, and cubital veins, and the deep venous drainage 
comprised of paired ulnar, radial, and brachial veins as 
well as single central veins including the subclavian and 
brachiocephalic veins. The superficial and deep venous 

Table 1 The search strategy summary

Items Specification 

Date of search 09/01/2021

Databases and other sources searched EMBASE, MEDLINE

Search terms used endoAVF, endovascular arteriovenous fistula, percutaneous AVF

Timeframe 2015–2021

Inclusion and exclusion criteria Inclusion: English language literature only

Selection process Literature review performed by XL, VA, and SR

endoAVF, endovascular creation of arteriovenous fistula.

Figure 1 Cubital fossa vascular anatomy. Note the venous 
perforator that connects the superficial and deep venous systems, 
a critical structure in endoAVF systems. Please note that variant 
anatomies are common. endoAVF, endovascular creation of 
arteriovenous fistula.

Cephalic vein

Venous perforator

Ulnar vessels

Med
ian

 cu
bita

l v
einBrachial vessels

Bas
ilic

 ve
in

Radial vessels



Li et al. EndoAVF review176

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(1):173-189 | https://dx.doi.org/10.21037/cdt-21-600

Figure 2 WavelinQ endoAVF creation schema. (A) WavelinQ system set-up. The venous catheter is introduced through brachial vein and 
is advanced into the radial vein. In this diagram, the arterial catheter is introduced retrograde into the radial artery (off-label). The magnetic 
catheters are aligned and coupled. (B) EndoAVF is created between the radial artery and lateral radial vein. Note the accessed brachial vein is 
embolized, increasing flow diversion into the venous perforator (lilac colored vein). endoAVF, endovascular creation of arteriovenous fistula.
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systems communicate via single or multiple perforators, 
located at the antecubital fossa. Both currently FDA 
approved endoAVF devices rely on the perforator to divert 
flow to the upper arm superficial veins, which can then be 
used for hemodialysis cannulation. 

The WavelinQ device [Becton, Dickinson and Company 
(BD), Franklin Lakes, NJ] is a dual catheter system, which 
deploys parallel catheters in adjacent artery and vein 
(Figure 2). Under ultrasound guidance, venous access is 
introduced into the brachial or forearm vein. The guidewire 
is then advanced into the planned medial/lateral radial 
or ulnar vein. Arterial access is introduced via a sheath in 
the brachial artery (on-label) or via the distal radial/ulnar 
artery (off-label). A guidewire is advanced through the 
access either antegrade (via brachial access) or retrograde 
(via wrist access), into the proximal forearm radial or ulnar 
artery. Venous catheter with electrode and arterial catheter 
with ceramic saddle are then advanced over the wires. 
Under fluoroscopic guidance, catheters are aligned such 
that the rare-earth magnets contained within the catheters 
attract and pull the parallel vessels into contact. Then, the 
radiofrequency electrode within the venous catheter is used 
to create a side-to-side anastomosis into the magnetically 
coupled proximal radial or ulnar artery. After creation, 
blood flows through the freshly created anastomosis, 
towards the perforator, and drains via the upper arm 
superficial veins (cephalic and/or basilic), in addition to 
draining through the upper arm deep veins (Figures 2-5). 

The Ellipsys (Medtronic, Minneapolis, MN) device is a 

single-catheter system, which creates a direct anastomosis 
between the proximal radial artery and perforator (Figure 6). 
Under ultrasound guidance, initial venous access is gained 
through a cubital (median cubital or cephalic) vein into 
the perforating vein. Then, under continuous ultrasound 
guidance, the micropuncture needle is advanced through 
the perforator and into the proximal radial artery. The 
micropuncture needle is exchanged for a sheath over a 
0.018 wire. The Ellipsys catheter is then advanced over 
the wire until the tip of the catheter is within the radial 
artery and the base is within the vein. At this point, the tip 
and the base of the catheter contract to bring the opposing 
artery and vein into contact. The puncture site is then fused 
with thermal energy to create an elliptical side-to-side 
anastomosis. The end result is similar in that blood flows 
through the anastomosis and into the upper arm superficial 
veins via the perforator (Figures 7,8). 

Anatomic suitability and candidacy for EndoAVF 

The perforator is the keystone of both devices and serves 
to divert flow to the upper arm cephalic and/or basilic 
veins. Candidacy for endoAVF via either device, therefore, 
requires an adequate perforator >2 mm in diameter, as well 
as upper arm superficial veins >2–2.5 mm in diameter. The 
Ellipsys system additionally requires the perforating vein 
and proximal radial artery to be less than 1.5 mm from 
each other, and the WavelinQ system requires brachial and 
radial/ulnar arteries >2 mm in diameter, and <1 mm distance 



Cardiovascular Diagnosis and Therapy, Vol 13, No 1 February 2023 177

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(1):173-189 | https://dx.doi.org/10.21037/cdt-21-600

Brachial artery

Brachial vein

Perforator vein

Radial artery

Interosseous artery

Ulnar artery

Paired ulnar veins

Perforator vein

EndoAVF
Cephalic vein

Paired ulnar veins

Brachial vein with coil 
embolization

Ulnar artery

A

B

Figure 3 Pre- and post-endoAVF creation subtraction images. Patient underwent ulnar vein-common ulnar artery creation. (A) Pre-creation 
image of the native vessels with injections via artery and vein. Relevant vessels are labeled; (B) post-creation image of the endoAVF. Relevant 
vessels are labeled. Note the in-flow brachial vein is embolized. endoAVF, endovascular creation of arteriovenous fistula.

between anastomosing artery and vein. Recent studies 
have shown that approximately half of the screened patient 
population might be eligible for either endoAVF system 
based on anatomy (18). Observational studies have also 
shown that approximately 30% and 60% of the screened 
patients were eligible for WavelinQ and Ellipsys systems, 
respectively (19,20). Regardless of candidacy for endoAVF, 
patients who are eligible for a Brescia-Cimino (forearm 
radiocephalic) fistula should undergo creation of this fistula 
prior to proceeding to a proximal forearm or upper arm 
fistula as per Kidney Disease Outcomes Quality Initiative 
(KDOQI) guidelines (unless preferred otherwise) (3).

Endovascular AVF trial outcomes

Initial trials with WavelinQ

In 2015, Rajan et al. reported early results of the initial 
6-Fr EverlinQ device, which was later modified to a 4-Fr 
system and known as WavelinQ (Table 2). In this study of 
33 patients, technical success was 97% and physiologic 
maturation (defined as brachial artery flow >500 cc/min and 
vein diameter >4 mm) was achieved in 28 patients (85%). 
Hemodialysis was achieved in 24 of 27 patients at 6 months 

and cumulative patency was 96.2% at 6 months. Six device-
related adverse events were reported (21). 

Early success led to the prospective, single-arm, 
multicentric novel endovascular access trial (NEAT), which 
assessed the efficacy and safety of the 6-Fr EverlinQ system. 
In this study, embolization of one of the paired brachial 
veins was routinely performed at the index procedure to 
divert flow from the deep system and into the upper arm 
superficial veins. This was also performed to decrease 
number of secondary procedures required for maturation. 
The technical success was 98%. In addition, 64% of the 
mature fistulae were dialyzable (defined as two-needle 
cannulation in two-thirds or more of dialysis sessions over 4 
consecutive weeks), and the primary and cumulative patency 
rates were 69% and 84% at 12 months. The re-intervention 
rate was 0.46 per patient-year of dialysis over 12 months. 
75% of pre-dialysis patients in this study were able to 
initiate dialysis with an endoAVF. Eight serious procedure-
related adverse events were reported (22).

In a smaller trial, Berland et al. evaluated the modified 
4-Fr WavelinQ system in the Endovascular Access System 
Enhancement (EASE) trial. This study was a prospective, 
single arm, multi-operator study including a total of  
32 patients in South America. The primary and cumulative 
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Figure 4 Intraprocedural WavelinQ set up. (A) The arterial and venous catheter magnets are aligned such that the radiofrequency electrodes 
are aligned; (B) immediate post-creation image. The relevant vessels are labeled. Note the arterial catheter extends from the brachial artery 
into the radial artery, and the venous catheter is within the radial vein.

patencies at 6 months were 83% and 87%, respectively. The 
re-intervention rate was 0.21 per patient-year at 6 months. 
Average time to cannulation of the fistulae was 43 days, 
and 78% of fistulae were dialyzable by 90 days. 74% of 
indwelling CVCs were able to be removed before 180 days. 
No device-related serious adverse events were reported (23).  
The EASE trial demonstrated short-term patency and 
functional cannulation rates, comparable to the original 6-Fr 
device. In addition, the smaller profile of the device allowed 
for multiple access options to reduce the rate of peri-
procedural complications. 

Initial trials with Ellipsys

Hull et al. reported the early results of the Ellipsys 
percutaneous AVF creation device in 2017. A total of  
26 patients were prospectively recruited from 2014–2015. 
Technical success was achieved in 88% of the patients. At 
follow-up, 77% of patients met the primary end points defined 
as brachial artery flow >400 cc/min, dialyzable fistula, or patent 
fistula by US assessment at 6 weeks. The cumulative patency 
rates were 88% and 75% at 6 and 12 months. No device-
related major anastomosis complications were reported (24). 

Subsequently, a multicenter, multi-operator trial was 
published, assessing the efficacy and safety of the Ellipsys 
system in a total of 107 patients. Technical success was 
95% with technical failures mostly attributed to access 
difficulty. At follow-up, 98.4%, 98.4% and 92.3% of the 
fistulae were functionally patent at 90, 180, and 360 days, 
respectively. Mean time to 2-needle dialysis was 100 days. 
A total of 271 secondary procedures were performed 
during the 12 months, with 205 procedures performed to 
increase and divert flow towards the superficial system, and 
66 procedures to maintain the fistula patency. Specifically, 
28 patients (26%) required surgical transposition to 
superficialize the target vein. In total, the secondary re-
intervention rate was 2.7 per patient-year of dialysis. No 
device-related serious adverse events were reported (25). 

Follow-up endovascular AVF outcomes

Short-term Ellipsys outcomes 

Multiple small studies have provided more insights on 
short-term patency rates, maturation times, and secondary 
intervention rates (Table 3). 
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Figure 6 Ellipsys endoAVF creation schema. (A) Typical Ellipsys system set-up. The venous catheter is introduced through perforator and 
is advanced into the adjacent radial artery. Note the tip of the catheter is in the arterial lumen and the base of the catheter is in the venous 
lumen. (B) EndoAVF is created between the radial artery and adjacent vein, diverting radial artery flow directly into the perforator (lilac 
colored vein). endoAVF, endovascular creation of arteriovenous fistula. endoAVF, endovascular creation of arteriovenous fistula.

Figure 5 Post-creation images of WavelinQ endoAVF. (A) Close-up view of the endoAVF. Relevant vessels are labeled; (B) Zoom-out upper 
arm venous outflow of the endoAVF. Note the arterial sheath is within the brachial artery. endoAVF, endovascular creation of arteriovenous 
fistula. endoAVF, endovascular creation of arteriovenous fistula.

With Ellipsys endoAVF, Mallios et al. reported improved 
maturation rates and patency when percutaneous balloon 
angioplasty of the anastomotic site was performed at the 
time of AVF creation. Authors reported a cumulative 

patency rate of 92%, and 69% of the patients were 
successfully dialyzed within 6 months. No adverse event 
was reported (26). Similarly, Hebibi et al. reported that a 
large percentage of patients were able to initiate two-needle 
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Figure 8 Pre- and post-angioplasty images of Ellipsys endoAVF for inflow stenosis. (A) Pre-angioplasty angiogram showed inflow stenosis 
at the proximal radial artery; (B) status post angioplasty with 4 mm × 20 mm balloon. Interval improvement flow at the proximal radial artery 
and across the endoAVF. Adapted with kind permission from Medtronics. endoAVF, endovascular creation of arteriovenous fistula. 

Figure 7 Ellipsys post creation vascular anatomy. Note the proximal radial artery is the site of anastomosis. Adapted with kind permission 
from Medtronics. endoAVF, endovascular creation of arteriovenous fistula.

cannulation between 10 days to 4 weeks, with the majority 
of patients initiated within 60 days. Procedure-related 
complications were not reported (27). In contrast, Sultan 
et al. reported that only 7 out of 15 Ellipsys endoAVF were 

either dialyzable or meeting the physiologic maturation 
criteria by US (blood flow >500 cc/min in either outflow 
vein) at 6 months. Primary failure (thrombosis), and 
additional need for secondary intervention were primary 
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Table 2 Summary of endoAVF trial data

Study Device
Follow-up 
duration

Primary patency 
rate

Cumulative patency 
rate

Intervention rate
Maturation 

rate
Dialysis 

rate

Rajan et al. (21) 6 Fr WavelinQ 6 months – 96% at 6 months 0.6 per patient 96% 96%

Lok et al. (22) 6 Fr WavelinQ 12 months 69% at 1 year 84% at 1 year 0.46 per patient-year 87% 64% 

Berland et al. (23) 4 Fr WavelinQ 180 days 83% at 6 months 87% at 6 months 0.21 per patient-year 91% 78% 

Hull et al. (24) Ellipsys Up to  
24 months

– 75% at 1 year 1.57 per patient-year 77% at  
6 weeks

–

Hull et al. (25) Ellipsys 12 months – 87% at 1 year 2.7 per patient-year 86% 88%

endoAVF, endovascular creation of arteriovenous fistula.

Table 3 Summary of short- and mid-term endoAVF data

Study Device Primary patency rate Cumulative patency rate Intervention rate Maturation rate Dialysis rate

Short-term 

Mallios et al. (26) Ellipsys 82% 92% 0.24 per patient – 100%*

Hebibi et al. (27) Ellipsys – – 0.53 per patient** – 71%

Sultan et al. (28) Ellipsys 83% at 6 weeks – 0.73 per patient 47% 20%

Hull et al. (29) Ellipsys 7% at 6 months 96% at 6 months 2.3 per patient** 93% 87%

Zemela et al. (30) WavelinQ – 88% 0.53 per patient – 48%

Mid-term

Mallios et al. (31) Ellipsys 54% at 1 year 96% at 1 year 0.52 per patient** – –

Beathard et al. (32) Ellipsys – 91.6% at 2 years – 98% 95%

*, all patients on catheter dialysis were successfully dialyzed via endoAVF; **, estimated from provided data. endoAVF, endovascular 
creation of arteriovenous fistula.

reasons to account for non-use or non-maturation. 
Procedure-related complications were not reported (28). 
The authors suggested that earlier follow-up and prompt 
secondary interventions were needed to prevent early 
endoAVF failure.

In a recent study by Hull et al., an aggressive post-
operative protocol was adopted. All patients were evaluated 
at 4-week post-op appointment, and all non-mature 
fistulae underwent secondary interventions, resulting in 
a re-intervention rate of 67% for assisted maturation. 
In addition, 63% of the 60 patients required additional 
maintenance interventions, resulting in a total of 2.3 re-
interventions per patient. The cumulative patency rate was 
96% at 180 days. Authors noted 2 early fistula thrombosis, 
among other complications (29). However, it should 
be noted that the high secondary intervention rate was 
partially attributed to the cannulation protocol, where only 
one target outflow vein (cephalic vs. basilic vs. transposed 

brachial) was selected for cannulation. Therefore, 
secondary interventions were needed to achieve two-needle 
cannulation. This is in contrast to protocols commonly used 
in European centers, where US guided fistula access may 
permit catheterization of two different outflow vessels. 

Short-term WavelinQ outcomes 

With regards to WavelinQ endoAVF, Zemela et al. reported 
a technical success rate of 100%. The cumulative patency 
rate was 88%, and 48% of the patients were successfully 
dialyzed. More importantly, 47% of the patients required 
secondary interventions, including side-branch coiling, 
angioplasty, and thrombectomy. 8 out of 35 patients 
reported peri-operative complications (30). 

In general, the short-term data with either device 
was limited due to the heterogeneity in study designs 
but suggested progressive improvement in technique. 
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For example, some studies used outflow vein flow rate  
(>500 mL/min) as the marker for physiologic maturation 
while some others used inflow artery flow rate (>500 mL/min).  
In addition, some studies performed concurrent balloon 
angioplasty at the time of endoAVF creation while others 
opted for close follow-up and re-intervention if indicated. 
Nearly all studies reported secondary intervention rates less 
than 1 per patient, noting that Hull et al. reported high re-
intervention rates using an aggressive follow-up protocol. 
In addition, the re-intervention rate of 2.3 per patient-year 
in the Hull et al. study was lower than the previous 2.7 per 
patient-year in the pivotal Ellipsys trial, suggesting that 
improvement in the technique, experience, and protocol 
could reduce the number of interventions. Further, as 
previously discussed, the high re-intervention rates in 
the U.S. cohort (24,29) were partially attributed to the 
differences in cannulation protocol between American and 
European centers. 

Mid-term outcomes

There have been a few mid-term studies using the Ellipsys 
system. In a recent study, a total of 234 fistulae were 
created over 2-year period using the Ellipsys system. 
The technical success rate was 99%. The authors have 
found the 1-year primary, primary assisted and secondary 
patency rates were 54%, 85% and 96%, respectively. The 
secondary intervention rate was 35%. No procedure-related 
significant adverse event was reported (31). Similarly, 
Beathard et al. reported the 2-year follow-up data on a total 
of 105 patients with the Ellipsys endoAVF. Remarkably, 
nearly all endoAVF (95%) were functional, defined as an 
access capable of undergoing two-needle cannulation. The 
1- and 2-year cumulative patency rates were 92.8% and 
91.6%, respectively. The secondary intervention rate was 
not reported. Procedure-related complications were not 
reported. Interestingly, the authors also included a patient 
experience survey in the study design. In general, the 
patient reception was positive, noting that the response rate 
was only 39% (32). 

With regards to the WavelinQ device, no recent mid-term 
(>1 year) result has been reported, although a post-market 
registry has recently completed and results are pending (33). 

Comparison of EndoAVF systems

To date, there has been one study retrospectively 
comparing the two endoAVF systems (20). Shahverdyan 

et al. conducted a retrospective review of 100 patients 
who underwent 4-Fr WavelinQ and Ellipsys endoAVF 
placement. During the index procedure, brachial vein 
embolization was performed in the WavelinQ cohort, and 
balloon angioplasty of the anastomosis was performed in 
the Ellipsys cohort. No significant baseline differences were 
observed between the two cohorts. 

A total of 34 WavelinQ and 65 Ellipsys endoAVF were 
created. The technical success rates were 97% and 100% in 
WavelinQ and Ellipsys cohort, respectively. At follow-up, 
8.5% of WavelinQ patients and 1.5% of Ellipsys patients 
reported serious adverse events. The cumulative patency 
rates were 60% and 82% at 12 months (HR 0.42, 95% CI: 
0.19–0.97), and the maturation (brachial artery >500 mL/min  
and target (cephalic and/or basilic) vein >5 mm) rates 
were 54% and 68% for WavelinQ and Ellipsys endoAVF, 
respectively. The secondary intervention rates were 0.46 and 
0.96 per patient-years for WavelinQ and Ellipsys endoAVF, 
although the authors did not report whether that was a 
statistically significant difference. This study suggested that 
Ellipsys is associated with higher cumulative patency rates 
but similar maturation rates and dialysis rates in comparison 
to WavelinQ. 

Specific clinical applications

More recent data suggests that Ellipsys endoAVF can be used 
for a variety of specific clinical applications. For example, 
early cannulation (within 4 weeks of creation) of endoAVF 
has been reported in selected cases to avoid CVC placement 
for either dialysis initiation or catheter exchange. In a recent 
study, successful 2-needle cannulation was achieved at  
10-day post-creation to avoid CVC placement (19). In 
addition, a recent study reported 14 patients were able to 
initiate early dialysis with a range of 1–12 days post-endoAVF 
creation, and a mean time-to-dialysis of 8 days (34). Although 
authors did not explore the difference between early and 
late cannulation cohorts, the results demonstrated that early 
cannulation may be feasible in selected patients. 

In addition, endoAVF can be used for a two-stage 
brachial vein elevation procedure in selected patients. 
Mallios et al. reported that successful two-stage procedures 
were performed in 8 patients with no suitable superficial 
outflow veins (basilic or cephalic). As the first-stage 
procedure, Ellipsys endoAVF was created per manufacturer’s 
instruction for use between the proximal radial vessels. 
Then, 4-to-12-week post-creation, the downstream brachial 
vein was elevated as the secondary procedure. Technical 
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Table 4 Comparison studies between endoAVF and surgical AVF

Study
Type of 

EndoAVF
Type of 

surgical AVF
Primary patency rate˚ Secondary patency rate˚ Intervention rate˚

Maturation 
rate˚

Dialysis 
rate˚

Inston  
et al. (37)

WavelinQ RC AVF 65.5% vs. 53.4% at  
6 months; 56.5% vs. 44% 

at 1 year

75.8% vs. 66.7% at 
6 months; 69.5% vs. 

57.6% at 1 year*

0.402 vs. 0.273 per 
patient-year

– –**

Harika  
et al. (38)

Ellipsys RC, BC, and 
BB AVF

61% vs. 86% at 1 year*; 
55% vs. 52% at 2 years

91% vs. 90% at  
12 months; 91% vs. 

88% at 2 years

0.50 vs. 0.34 per patient 
at 1 year; 0.65 vs. 0.73 
per patient at 2 years. 

65% vs. 50% 
at 6 weeks*

–

Shahverdyan 
et al. (39)

Ellipsys Gracz AVF 64% vs. 47% primary 
patency failure at 1 year

20% vs 12% secondary 
patency failure at 1 year

0.86 vs. 0.66 per  
patient-year

85% vs. 79% 
at 6 months

–***

Osofsky  
et al. (40)

Ellipsys BC AVF 39% vs. 10% primary 
failure rate*

– 1.04 vs. 0.29 per patient* 52% vs. 
87%*

–

*, findings with statistically significant difference, P<0.05; **, mean time to 2 needle cannulation was similar between the two groups; ***, 
time to 2 needle cannulation was similar between the two groups; ˚, EndoAVF versus surgical AVF. endoAVF, endovascular creation of 
arteriovenous fistula; RC, radiocephalic; BC, brachiocephalic; BB, brachiobasilic.

success was 100% and cumulative patency rate was 100% at 
6 months (35). 

Lastly, recent data have suggested that percutaneous 
radiocephalic AVF can be created in selected patient 
populations with Ellipsys system. In a small case series, 4 
endo-radiocephalic fistulae were created. The anatomic 
criteria were similar to that of proximal radial endoAVF, 
namely the presence of a perforating vein >2 mm,  
target vessels >2 mm and close proximity of target 
vessels. Successful two-needle dialysis was performed in  
3 patients while the last patient did not require dialysis. No 
interventions were needed in the small cohort (36). 

These  ear ly  exper iences  sugges t  that  c l in ica l 
applications of endoAVF may be broadened to incorporate 
a collaboration between percutaneous and surgical 
techniques.

Comparison with surgical data 

Functional outcome comparison 

Table 4  summarizes patency, re-intervention rates, 
maturation rates, and time to successful dialysis for 
endoAVF and surgical  AVF (Table  4 ) .  In a recent 
retrospective observational study by Inston et al., a matched 
comparative analysis was carried out between WavelinQ and 
surgical radiocephalic AVF. The authors have found that the 
endoAVF cohort was comparable to the surgical cohort in 
time-to-dialysis, primary patency rate, cumulative patency 
rate, and secondary intervention rate. The two groups had 

comparable time to indwelling CVC removal. However, 
the endoAVF cohort had a significantly shorter wait time 
to the index procedure (endoAVF or surgical creation) than 
the surgical group (33 vs. 86 days, P<0.0001) (37). Similarly, 
Harika et al. compared Ellipsys endoAVF to radiocephalic, 
brachiocephalic, or brachiobasilic surgical fistulae. The 
authors have found that the Ellipsys endoAVF cohort was 
associated with a higher rate of maturation at 6 weeks (65% 
vs. 50%, P=0.02), lower primary patency rate (61% vs. 86%, 
P=0.01), as well as a higher rate of intervention (50% vs. 
34%, P=0.013) at 1 year. However, there was no significant 
difference in cumulative patency rates at 1 or 2 years, or 
intervention rates at 2 years between the cohorts. In a sub-
group analysis, endoAVF cohort had similar maturation 
rate at 6 weeks in comparison to elbow surgical group, and 
better maturation rate at 6 weeks in comparison to wrist 
surgical group (65.4% vs. 59.6%, P=0.48, and 65.4% vs. 
43.3%, P=0.005) (38). 

In another study comparing Ellipsys endoAVF to Gracz 
surgical AVF, Ellipsys endoAVF was associated with lower 
procedure time (14 vs. 70 min, P<0.001). The two groups 
were comparable in physiological maturation rate at  
6 months (79% vs. 85%), time to dialysis initiation (68 vs. 
57 days), secondary intervention rates (0.66 vs. 0.86 per 
patient-year), cumulative primary failure incidence rate at 
12 months (47% vs. 64%), and cumulative patency rates 
at 12 months (80% vs. 88%), when comparing the Gracz 
cohort to the endoAVF cohort (39). 

In contrast, Osofsky et al. compared brachiocephalic 
surgical AVF to Ellipsys endoAVF. The authors have found 
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that the endoAVF group was associated with a statistically 
lower rate of clinical maturation (52% vs. 87%, P=0.003), 
and statistically higher primary failure rate (39% vs. 10% 
P=0.003). In addition, endoAVF took longer to mature 
(29 vs. 10 weeks, P<0.001), and needed higher number of 
secondary interventions (1.1 vs. 0.3, P<0.001) (40). Possible 
explanations for worse outcomes with endoAVF include 
difficulties in patient follow-up in a rural environment, 
initial steep learning curve with the new device, and 
multiple operators creating endoAVF. 

The recent comparative data between surgical and 
endoAVF groups on functional outcomes have shown 
varying results. Some of the variations may be explained 
by the inherent difference in various surgical AVF, which 
ranged from radiocephalic AVF, proximal radial artery AVF, 
and Gracz fistulae in the forearm to brachiocephalic AVF 
and brachiobasilic AVF in the upper arm in the included 
studies. In general, upper extremity surgical fistulae tend to 
mature quicker, need fewer interventions, and remain patent 
longer, noting that brachiocephalic AVF is prone to develop 
cephalic arch stenosis and high flow steal syndrome (15). 
Therefore, the differences in outcomes between endoAVF 
and various surgical AVF may be partially attributed to 
the baseline differences in surgical outcomes. Secondly, 
differences in end points, follow-up protocols, and other 
patient-oriented factors may have played a significant role 
as well. 

Cost comparison 

In addition to outcome measures, recent data have shown 
that endoAVF may be associated with lower costs than 
surgical AVF. In a study by Yang et al., authors have 
found that the secondary intervention rate was 0.59 per 
patient year in endoAVF groups and 3.43 per patient year 
in surgical AVF, respectively (P<0.05). Accordingly, the 
estimated total post-procedural costs were $1,794 and 
$13,033 per patient year for endoAVF and surgical AVF 
cohorts, respectively (41). Similarly, Arnold et al. have 
found that the total event rates (post-procedural infection 
and secondary intervention) and costs were 0.74 per patient 
year and $815 vs. 7.22 per patient year and $17,443 for 
incident endoAVF and surgical AVF groups, respectively 
(P<0.0001). Similarly, the total event rates and costs were 
0.46 per patient year and $1,134 vs. 4.1 per patient year and 
$14,523 for prevalent endoAVF and surgical AVF groups, 
respectively (P<0.0001) (42). However, this remains to be 
investigated further as re-intervention rates and need for 

surgical revision after endoAVF creation can be significantly 
variable across institutions, operators, and populations.

Future direction 

Current endoAVF data is derived from single-arm trials 
and observational studies, which are heavily influenced 
by selection bias and operator experience. In particular, 
non-randomized and retrospective study design carries 
an inherent risk of selection and confounding biases. In 
addition, many of the European and multi-centric studies 
included patient populations that were different from 
typical United States patient population, including a lack 
of African Americans, and relatively younger age (~60 years 
old) (Table 5). Thus, results of non US studies may not be 
widely applicable to the general population.

Long-term outcomes of  endoAVF are awaited, 
particularly in relation to secondary patency rates, re-
intervention rates, long term/rare complications, and its 
applicability in the broader ESRD population. To date, the 
longest follow-up study has reported the 2-year cumulative 
outcomes, in comparison to decades of experience in 
surgical AVF. Secondly, long term complications such as 
steal syndrome, pseudoaneurysm, and high output cardiac 
failure need further follow-up and characterization. 
For example, a recent paper reported a case of ischemic 
monomelic neuropathy in a WavelinQ endoAVF patient, 
although definitive correlation has not been established (43).  
Increased creation and use of endoAVF may additionally 
reveal other challenges, including the need for widespread 
education at hemodialysis centers regarding differences 
in cannulation technique. Additionally, although multiple 
draining veins of endoAVF may increase the chance of 
cannulation and increase the “venous capital”, it may also 
cause pathological remodeling both superficial and deep 
arm veins. Although studies have suggested improved 
maturation rates with coiling of deep veins, the long-term 
impact of doing so is yet to be determined. Lastly, previous 
endoAVF studies included patients who were relatively 
young (~60 years old) with selective vascular anatomy  
(>2 mm). Although elderly (>65) patients have been 
included in previous studies, the utility of endoAVF in 
elderly patients with sub-optimal vasculature requires 
further assessment. 

There is an ongoing need for head-to-head comparison 
between endoAVF and surgical AVF. It is particularly 
important to define targets of comparison between the two 
approaches. For example, one perceived benefit of endoAVF 



Cardiovascular Diagnosis and Therapy, Vol 13, No 1 February 2023 185

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(1):173-189 | https://dx.doi.org/10.21037/cdt-21-600

Table 5 Newcastle-Ottawa Scale assessment of trial and observational studies

Study

Selection Comparability Outcome

Total 
score

Representative 
of the exposed 

cohort

Selection 
of  

eternal 
control

Ascertainment  
of exposure

Outcome of 
interest not 

present at the 
start of the 

study

Main 
factor 

Additional 
factor

Assessment 
of outcome

Sufficient 
follow-up 

time  
(≥12 months)

Adequacy 
of follow-

up

Rajan et al. 
2015, (21) 

0 0 * * 0 0 * 0 * 4/9

Lok et al.  
2017, (22)

0 0 * * 0 0 * * * 5/9

Berland et al. 
2019, (23)

0 0 * * 0 0 * 0 * 4/9

Hull et al.  
2017, (24)

* 0 * * 0 0 * * * 6/9

Hull et al.  
2018, (25)

* 0 * * 0 0 * * * 6/9

Mallios 2018, 
(26)

0 0 * * 0 0 * 0 * 4/9

Hebibi et al. 
2019, (27)

* 0 * * 0 0 * 0 * 5/9

Sultan et al. 
2020, (28)

0 0 * * 0 0 * 0 * 5/9

Hull et al.  
2020, (29)

* 0 * * 0 0 * 0 * 5/9

Zemela et al. 
2021, (30)

* 0 * * 0 0 * 0 * 5/9

Mallios et al. 
2020, (31)

0 0 * * 0 0 * * * 5/9

Beathard et al. 
2020, (32)

* 0 * * 0 0 * * * 6/9

Shahverdyan  
et al. 2020, (20) 

0 * * * 0 0 * 0 * 5/9

Inston et al. 
2020, (37)

0 * * * 0 0 * 0 * 5/9

Harika et al. 
2021, (38)

0 * * * 0 0 * * * 6/9

Shahverdyan  
et al. 2021, (39)

* * * * 0 0 * 0 * 6/9

Osofsky et al. 
2021, (40)

0 * * * 0 0 * 0 * 5/9

*, the criteria that was met for each study.
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over surgical AVF is its ease of use and accessibility as 
well as the ability to perform endoAVF without general 
anesthesia or monitored anesthesia care. In comparison, 
surgical AVF outcomes are heavily influenced by surgeons’ 
experience, which requires a large volume of cases for 
proficiency (44,45). While experienced vascular surgeons 
focused on surgical AVF creation are relatively limited in 
supply, endoAVF can potentially be created successfully 
by vascular surgeons, interventional radiologists, and 
interventional nephrologists. However, current data 
have also suggested that operator experience influences 
endoAVF outcomes. In the NEAT trial, the roll-in patient 
cohort was done by less experienced operators while the 
study cohort was performed by experienced operators 
(defined as >5 independent or observed cases). Although 
the technical success rates were comparable between the 
two groups, 63% of the roll-in cohort had mature fistula at  
3 months versus 87% in the study cohort (22). Therefore, a 
comparison study assessing whether endoAVF can be easily 
and proficiently created is potentially useful.

On the other hand, the differences in patient acceptance 
and experience need to be explored further. A major 
roadblock to higher surgical AVF acceptance is patients’ 
concern over appearance, “surgical fatigue”, and wait  
time (46). Evidence has shown that endoAVF was associated 
with shorter wait time than comparable surgical AVF (37), 
and selected patients reported high satisfaction with the 
procedure (32). 

Perhaps the greatest obstacle to widespread endoAVF 
adaptation in the United States will be challenges with 
cannulation. Unlike surgical AVF, endoAVF have no scars to 
guide cannulation, often need a tourniquet during initiation 
of cannulation, and can be accessed along the median cubital 
vein as well as along the upper arm cephalic/basilic veins. 
The majority of cannulation centers in the United States do 
not utilize ultrasound for access cannulation and there is a 
steep learning curve with accessing endoAVF. Inexperienced 
cannulation of an endoAVF can result in infiltration, 
massive bleeding, and a failed access. Unfortunately, the 
majority of patients undergo cannulation in independent 
and free-standing centers, which are not staffed by 
physicians who create the access. Despite support from 
cannulation specialists, there is significant hesitation by staff 
at dialysis centers to access endoAVF. While an optimistic 
goal, dialysis units dedicated to patients with endoAVF may 
be critical to the sustainability of the technology. 

It is also critical to define the role of endoAVF in the 
dialysis access algorithm. A functional AVF can withstand 

repeated cannulation, while a suboptimal AVF requires 
repeated intervention, longer CVC indwelling time, and 
longer maturation time. In turn, a suboptimal AVF can 
lead to increased patient morbidity and mortality due to 
prolonged CVC use, particularly in the elderly patients, 
whose life expectancy may be limited and the chance for 
surgical AVF maturation is low (47,48). Therefore, a better 
access algorithm may be the “best-vessel-first” rather than 
“distal-first” approach to create AVF that have the best 
chance to mature (49). Such algorithms in conjunction with 
shared decision making can optimize a patient’s “ESKD 
Life Plan” as suggested by 2019 KDOQI (3). EndoAVF 
may increase the total venous “capital” and offer flexibility 
in vessel selection. In addition, endoAVF does not exclude 
future surgical AVF creation, therefore offering patients 
more access options. 

Lastly, better physiological maturation criteria are 
needed. Various maturation criteria have been used in 
previous studies, including brachial artery flow >500 mL/min  
and vein diameter >4 mm, outflow vein flow >500 mL/min, 
or vein diameter >5 mm. The heterogeneities in maturation 
criteria can be partially attributed to the unique properties 
of endoAVF, where one inflow artery is shared by 2– 
3 outflow veins, versus the typical one inflow and one 
outflow surgical AVF configuration. Further, endoAVF 
may mature unpredictably, with preferential flow into one 
of the outflow veins. Thus, the typical 500 mL/min inflow 
artery cut-off may not be applicable in the endoAVF patient 
population. Indeed, in a recent ASDIN white paper, a cut-
off brachial flow >800 mL/min has been suggested based on 
expert opinion (50). Overall, more standardized maturation 
criteria are needed and need to be validated, particularly as 
early intervention may salvage problematic endoAVF. 

Conclusions

ESRD remains a significant burden on the healthcare 
system. The majority of ESRD patients are managed 
with hemodialysis, with surgical AVF being the preferred 
access option. However, surgical AVF are associated with 
variable failure rates and influenced by operator experience. 
EndoAVF have been introduced as an alternative to surgical 
AVF with potential advantages including shorter wait times 
to access creation, and decreased vessel trauma during 
creation. Recent data have been promising in its short and 
midterm success. However, several challenges remain, 
including optimizing post-procedure follow-up, educating 
dialysis units on cannulation of endoAVF, and assessing real-
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world and long-term experience with endoAVF relative to 
surgical AVF. Additional studies and published experiences 
may shed light on the role of endoAVF in the management 
of the hemodialysis patient population for the full potential 
of these technologies to be realized. 
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