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ABSTRACT
nialysis is the preferred treatment for patients with end-stage renal disease (ESRD) for the removal of accumu-

lated toxins secondary to compromised renal function. Hemodialysis has traditionally been performed via a
surgically created arteriovenous fistula (AVF) or arteriovenous graft (AVG). Novel endovascular techniques have
allowed for the creation of percutaneous arteriovenous fistulas for hemodialysis access. Two devices, the Ellip-
sys® Vascular Access System (Avenu Medical, Inc., San Juan Capistrano, California) and the WavelinQ™ EndoAVF
System (C.R. Bard, Inc., Murray Hill, New Jersey), are currently available for percutaneous AVF creation and
investigation of their utility is ongoing. This paper describes the current utilization, differences, and results
thus far with these devices and, additionally, investigates the contemporary advantages, disadvantages, and

selection criteria for percutaneous AVFs overall.
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INTRODUCTION

Hemodialysis has been utilized in the
removal of accumulated toxins, elec-
trolytes, and excess fluid in chronic renal
failure patients' since the 1960s.” By
developing veno-venous access’ and, ulti-
mately, the surgical arteriovenous fistula
(AVF),* Brescia and Cimino improved
dialysis access from the previous use of
Teflon shunts.?>® Since then, fistulas have
been the ideal access for hemodialysis,
with superior patency once mature, less
secondary interventions, and lower com-
plication rates, including infection and
dialysis access steal syndrome (DASS) in

comparison to grafts.7’8 Both AVFs and
arteriovenous grafts (AVGs) are pre-
ferred over tunneled catheters, which are
associated with increased mortality risk
and higher rates of infection.® 2

Surgical access remains first line for
hemodialysis, but novel devices now
offer the option of a percutaneous AVF
(pAVF) as an alternative."”"* These mini-
mally invasive procedures were devel-
oped in an attempt to address the
current underutilization of AVFs, where
only 14% of patients in the United States
initiate hemodialysis via AVF in contrast
to 83% via catheter.'? This could be sec-
ondary to surgical wait times,' lack of

clinical maturation,'” and procedures
required to facilitate the maturation or
maintenance of surgical AVFs. '8 Here
we investigate the clinical outcomes thus
far with percutaneous AVFs and explore
the role the procedure has in hemodialy-
sis access today.

DEVICES FOR PERCUTANEOUS
ARTERIOVENOUS FISTULA CREATION

Both pAVF devices are centered
around the vascular anatomy of the prox-
imal forearm in the creation of the fistu-
la. Essential to the success of the pAVF is
the deep communicating vein, which

Table |

Comparison of the two percutaneous arteriovenous fistula devices

WavelinQ™ EndoAVF System

Ellipsys® Vascular Access System

Device
Components

Two 4Fr, magnetic, hydrophilic coated catheters
(venous catheter with radiofrequency electrode
and arterial catheter with backstop for receiving
the electrode), ESU-1 electrosurgical unit, and
electrosurgical pencil

Access needle, 6Fr over-the-wire tissue fusion
and cutting catheter, and a power controller

Mechanism of Fistula Creation

Radiofrequency energy

Thermal resistance energy and pressure

Access Sites

Arterial and venous: brachial artery/vein, ulnar
artery/vein, or radial artery/vein

Venous: cephalic, median cubital, median basil-
ic, or brachial vein

Site of Fistula Creation

Proximal ulnar artery and ulnar vein or proximal
radial artery and radial vein

Proximal radial artery and deep communicating
vein

Contrast Required?

Yes, fluoroscopic imaging used to confirm
catheter alignment and for confirmation fistulo-
gram

No, ultrasound guidance only

Additional Procedures at Time of
Fistula Creation

Brachial vein coil embolization or AMPLATZER™
plug (Abbott Laboratories, Chicago, lllinois)

Immediate balloon angioplasty of the anasto-
mosis with a 5 x 20mm balloon

Figure 1. Patient with Y-shaped pAVF undergoing
two-needle cannulation for dialysis.

Figure 2. WavelinQ™ EndoAVF System: venous catheter with radiofrequency electrode, arterial catheter,

ESU-1 electrosurgical unit, and electrosurgical pencil.



allows for diversion of arterialized blood
flow from the deep to superficial venous
system once an arteriovenous connection
has been established.?*?> This connection
is a side-to-side anastomosis between
cither the proximal ulnar artery to ulnar
vein'*? or the proximal radial artery
directly to the deep communicating
vein,'*?22* depending on the choice of
device (Table I). Pre-procedural arterial
and venous mapping are essential to
establish the arterial diameter, venous
diameter, and proximity of the two ves-
sels prior to pAVF creation. Once
formed, these endovascular anastomoses
are similar to surgical anastomoses previ-
ously described by Toledo® and Gracz.?®
Maturation of the superficial veins fol-
lowing pAVF creation ultimately allow
for cannulation of either the cephalic,
median cubital, basilic, or combination
of two veins’”” which form a unique, Y-

shaped fistula for hemodialysis (Fig. 1).”

WavelinQ™ EndoAVF System

The WavelinQ™ EndoAVF System
(C.R. Bard, Inc., Murray Hill, New Jer-
sey) (Fig. 2) is a dual catheter-based sys-
tem that creates an anastomosis typically
between the proximal ulnar artery and
ulnar vein. 29212 With the original 6 Fr
system, ultrasound-guided access
through the brachial vein and brachial
artery is achieved, followed by guidewire
placement into the ulnar vein and artery.
This is followed by the advancement of
both catheters to the desired location
with position confirmation by fluo-
roscopy. The two catheters are aligned
via magnets, holding the artery and vein

together and aligning the radiofrequency

o,

Figure 4. Ellipsys® Vascular Access System:
Ellipsys® catheter and power controller.
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WavelinQ™

EndoAVF System

Figure 3. lllustration of venous and arterial catheters aligned via magnets in the proximal ulnar vein and
artery. The radiofrequency electrode in the venous catheter is deployed toward the ceramic backstop of
the arterial catheter to create a percutaneous arteriovenous fistula.

\

Figure 5. lllustration of Ellipsys® catheter with distal tip in “open” position in the proximal radial artery
and then with the device closed, capturing the radial artery and perforating/deep communicating vein.
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Figure 6a. Procedural ultrasound displaying advancement of the distal tip of the Ellipsys® catheter into the
proximal radial artery. (b) Ellipsys® catheter with closure of device, capturing the radial artery and perfo-
rating the communicating vein.

(RF) electrode of the venous catheter
with the ceramic backstop of the arterial
catheter (Fig. 3). The RF electrode is
then released, creating a side-to-side,
approximately 5mm x Imm, arteriove-
nous fistula between the ulnar artery and
vein. Arteriogram is performed to con-
firm pAVF creation and the brachial vein
is subsequently coil embolized to divert
blood flow away from the deep venous
system and toward the superficial veins.
A new, lower profile 4 Fr EndoAVF
system has been developed allowing for
alternative access sites at the radial and
ulnar arteries/veins at the wrist in addi-
tion to the brachial artery/vein. There is
also an additional option for pAVF cre-
ation between the radial artery and radial
vein in addition to the proximal ulnar
artery and ulnar vein.?! This new system
still features magnet alignment of both a
venous catheter with RF electrode and
arterial catheter with backstop. Howev-
er, the catheters now have the ability to
be aligned in either the same or opposite
direction and the delivery of RF energy
is brief, requiring 0.7 seconds to create
the anastomosis, as opposed to two sec-
onds with the original device. Coil

embolization of the brachial vein is still
performed prior to completion of the
procedure.

Ellipsys® Vascular Access System
The Ellipsys® Vascular Access Sys-
tem (Avenu Medical, Inc., San Juan
Capistrano, California) (Fig. 4) is a
single-catheter, venous-access system
that allows for the creation of a pAVF
between the proximal radial artery
and the deep communicating vein
(DCV)/pcrforating vein, '>22:2428.29 Thjg
device uses thermal resistance energy
and applied pressure to fuse the adventi-
tia of the artery and vein and create an
elliptical anastomosis between the two.
The catheter features a 6 Fr proximal
base and 5 Fr distal tip, which can be
adjusted from the “open” to “closed”
position (Fig. 5). During the procedure,
ultrasound-guided access of the median
basilic or median cephalic vein is
achieved, followed by advancement of a
wire and 6 Fr sheath. The 6 Fr sheath is
positioned into the DCV where it is adja-
cent to the proximal radial artery. Con-
stant ultrasound visualization is then
utilized to advance a micropuncture nee-

Table Il
Trials included in review and results analysis of
percutaneous arteriovenous fistulas

WavelinQ™ EndoAVF | Ellipsys® Vascular Access| Meta-Analysis of Both
System System Devices
Rajan (2015)* Hull (2017)* Yan Wee (2019)
33 patients 26 patients 300 patients
Radosa (2017)* Hull (2018)*
8 patients 107 patients
Lok (2017)* Mallios (2018)*
60 patients 34 patients
Berland (2019)* Beathard (2019)
32 patients 105 patients
Mallios (2020)
234 patients

*Included in the Meta-Analysis by Yan Wee et al

g |

Figure 7. Ultrasound duplex and illustration dis-
playing formation of an anastomosis between the
proximal radial artery and the deep communicat-
ing vein.

dle and puncture the proximal radial
artery. A wire is then advanced to con-
firm the connection between the proxi-
mal radial artery and DCV. Next, the
sheath, followed by the Ellipsys® catheter
in the “open” position, is advanced into
the proximal radial artery. The sheath is
retracted into the DCV and then traction
is applied on the catheter, so the tip
engages with the wall of the proximal
radial artery. The catheter is then closed
with verification of tissue capture on the
power controller (Fig. 6). The device is
activated to form an anastomosis, of
about 4mm x 2mm, between the arter
and vein, which is confirmed by duplex
ultrasound (Fig. 7).

Initial trials did not perform imme-
diate percutaneous transluminal angio-
plasty at the time of creation of
anastomosis.'>?* However, immediate
angioplasty of the anastomosis at time of
creation allows for avoidance of balloon
dilation as a secondary procedure soon
after pAVF formation, improved flow
through the fistula, and improved matu-
ration.” Techniques for balloon dilation
of the anastomosis at the time of creation
and algorithms for maintenance and mat-
uration of Ellipsys® pAVFs have been
described.?”

Patient selection

In all trials with pAVFs thus far,
patients are only considered for the pro-
cedure if they are not candidates for a
surgically created distal radiocephalic
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. Percentage of successful cannulation and functional usability of percutaneous arteri-
ovenous fistulas for hemodialysis

Table IV

% Successful Mean-time to Functional Average Days on
Cannulation Cannulation Usability*
Rajan (2015) 25/27 (93%) 25/27 (93%) at 6 months =
Radosa (2017) 7/7 (100%) - -
WavelinQ™ | Lok (2017) 28/44 (64%) 111.8 days (baseline HD) & 32.4 | 28/44 (64%) at 2 months -
days (pre-HD)
Berland (2019) 21/27 (78%) 43 days +/-14 20/27 (74%) at 3 months -
Hull (2017) 16/20 (80%) 108 days +/- 61 - 354 days +/- 177
Hull (2018) 71/81 (88%)  |100.3 days +/- 51.9 (baseline HD) & - 114.3 days +/- 66.2
. 162.9 days +/- 86.6 (pre-HD)
Ellipsys )
Mallios (2018) 24/34 (71%) - -
Beathard (2019) 100/105 (95%) - -
Mallios (2020) - - -

*Functional Usability: Use of fistula for > 2/3 of HD sessions

Table V
Procedure-related complications with percutaneous arteriovenous fistula formation
Rajan | Radosa Lok Berland Hull Hull Mallios | Beathard| Mallios
Procedure Related Complications | (2015) | (2017) | (2017) | (2019) | (2017) | (2018) | (2018) | (2019) | (2020)
Did not
comment

Pseudoaneurysm 2 (6%) - 2 (3%) - - -
Hematoma 2 (6%) - - - 1 (4%) - -
Detached Tip of Venous Catheter 1 (3%) - - - - -
Thrombosis of pAVF 1 (3%) - - 1(3%) | 3(12%) | 12 (11%) - - -
Thrombosis of Brachial Artery - 2 (3%) - - -
latrogenic AVF between Brachial 1 (13%) - - - -
Artery/Vein
Closure Device Embolization - 2 (3%) - - -
Brachial Artery Dissection - 1(2%) - - -
Steal Syndrome - 1 (2%) - 1 (1%) - - -
Venous Injury/Perforation - - 1 (3%) 1 (1%) - - -
Tract Fistula - - - 1 (4%) - -
Infection - - - 1 (1%) - - -
Total 1 8 2 5 15 0 - 0

cumulative patencies (Table III). Pooled
meta-analysis data displays a cumulative
patency for a WavelinQ™ pAVF of
92.6%, Ellipsys® pAVF of 90.9%, and
overall cumulative patency of 91.9% at
six months.” At the one-year mark,
patencies have been more extensivel

studied for the Ellipsys® pAVF than the
WavelinQ™ and appear to have a higher
patency (Table III). Pooled patency at the

one-year mark for overall pAVFs was
85.7%. Analysis for two year patency
rate has only been conducted for the
Ellipsys® pAVF % displaying a cumula-
tive patency of 92.7%.

Percentage of successful two-needle
cannulation for hemodialysis varied
between trials (Table IV). Mean time to
cannulation ranged from 32.4 to 169.2
days, with one study noting an average

time of 32.4 days in a subset of patients
who, at baseline, were non-hemodialysis
dependent at the time of pAVF
creation.’” Of note, a smaller, single
institution, retrospective cohort study
has noted successful cannulation of
pAVFs at less than 14 days post
creation.”” The dialysis protocol used for
these patients was a dialysis blood flow
rate of 300 to 350mL/min for four
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Table VI
Secondary procedures utilized in the maturation and maintenance of percutaneous
arteriovenous fistulas

Rajan | Radosa Lok Berland Hull Hull Mallios | Beathard | Mallios

Secondary Procedures (2015) | (2017) | (2017) | (2019) | (2017) (2018) (2018) | (2019) | (2020)
Did not
comment

PsBalloon angioplasty 3 (9%) - 2 (3%) 1(3%) | 20 (63%) |164 (>100%)| 6 (18%) 96 (41%)
Thrombin injection 2 (6%) - 2 (3%) - - - -
Superficialization (BVT, Lipectomy) 1(13%) | 5 (8%) - 7(30%) | 28 (26%) | 1(3%) 24 (10%)
Basilic vein ligation - - 4 (17%) - -
Cubital vein ligation - - - 17 (16%) -
Coil embolization of tributary vein - 5 (8%) - - 50 (46%) -
Cubital vein embolization - - - 17 (16%) -
Brachial vein embolization - - - 6 (26%) | 42 (39%) 1 (3%)
Thrombolysis - 1(2%) - - - -
Thrombectomy - 2 (3%) 1 (3%) - - -
Stent graft - 1 (3%) - 8 (7%) -
Valvulotomy - - - 1 (4%) - -
pAVF Ligations - 3 (5%) > = = =
pAVF Banding - - - - - 1 (<1%)
Surgical artery repairs - 2 (3%) - - - -
New surgical AVF/AVG 1 (3%) - 2 (3%) 1 (3%) - - 1 (3%) 3 (1%)
Total Interventions 6 1 24 4 38 326 9 124
Interventions per patient-year 0.6 - 0.46 0.21 1.57 27 -

hours, three times a week.

Complications related to pAVF cre-
ation appear to be largely related to
brachial artery access in earl_k/ studies of
the original 6 Fr WavelinQ " EndoAVF
system, including pseudoanecurysm,
hematoma, iatrogenic AVE between the
brachial artery and vein, thrombosis of
the brachial artery, brachial artery dis-
section, and closure device complications
(Table V). Wrist access with the use of
the 4 Fr WavelinQ™ EndoAVF system
appears to have decreased these compli-
cations.”’ Of note, recent studies with
the Ellipsys® Vascular Access System have
noted almost no complications during
the procedure.zz’29 Pooled complication
rates for creation of pAVF are 5.46%
overall, at 8.59% for the WavelinQ"™ and
2.48% for Ellipsys®.

Both endovascular and open sec-
ondary interventions were required
for the maturation and maintenance of
pAVFs (Table VI). Balloon angioplasty
was most frequently used for the
Ellipsys® AVF rather than the
WavelinQ™ pAVFE. For redirection of
flow to the desired vein for cannula-
tion, multiple methods were imple-

mented including coil embolization of
cubital/brachial/accessory veins, basilic
vein ligation, and cubital vein ligation.
Additionally, surgical superficialization in
the form of basilic vein transposition
(BVT), or lipectomy, was required for
cannulation in multiple studies for both
the WavelinQ™ and Ellipsys® pAVF,
ranging from 3—30% of patients in the
studies. Conversion to surgical AVF or
AVG was required for 1-3% of patients.

Advantages of percutaneous
arteriovenous fistulas

One advantage offered by a pAVF ver-
sus a surgical AVF in the proximal fore-
arm is the lower flow through a pAVF in
comparison to a brachial artery fistula.”
This lower flow system may allow for
avoidance of complications witnessed
with brachial artery AVFs and AVGs,
including DASS, high output congestive
heart failure, aneurysmal fistula forma-
tion, and arm swelling.**** There is no
data yet to directly compare the inci-
dence of these complications between
pAVFs and surgical AVFs. Furthermore,
the Y-shaped pAVF allows for additional

sites and increased length for cannulation

-7-

in comparison to surgical AVFs.?"?? This
may decrease the risk of aneurysm and
pseudoaneurysm formation from repeat-
ed puncture at the same site.*’ Ultimate-
ly, the creation of a pAVF does not

rohibit future conversion to a surgical
AVEF if pAVF failure occurs. Current tri-
als offer the pAVF as a possible alterna-
tive to surgical AVF when the creation of
a distal, wrist radiocephalic fistula is not

possible.

Disadvantages of percutaneous
arteriovenous fistulas

Ultimately, none of the trials have had
direct comparison of pAVF to surgical
AVF outcomes (Table II). Given this, evi-
dence does not support pAVF as a first-
line approach in comparison to surgical
AVE." Surgical AVFs, if selected proper-
ly, have high maturation rates, with a dis-
tal radiocephalic maturation rate up to
75-85% 343 Surgical maturation rates
are further improved with proximal AVF
creations, with approximately 80% for
brachial-cephalic fistulas and up to 90%
for brachial-basilic fistulas.**-*

One disadvantage of pAVF creation
could be the cost of the procedure. Cost
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of the devices and additional coil
embolization may result in increased
expenses in comparison to surgical AVF
creation. Costs have been estimated to
be lower for patients with a WavelinQ™
PAVF in comparison to surgical AVEF
patients in terms of maintenance.**
However, this cost comparison was per-
formed on an investigation with a lower
number of recorded interventions per
patient year in comparison to other
PAVF studies. (Table VI).”* Additionally,
costs were not collected, but instead
estimated for pAVF creation patients.”'w
More studies are warranted to give an
accurate cost comparison between PAVF
and surgical AVE.

Additionally, multiple secondary pro-
cedures (Table VI) are required for mat-
uration of pAVF for hemodialysis use.
PAVF have been referenced as a minimal-
ly invasive, outpatient procedure that
could help patients avoid “surgical
fatigue” associated with dialysis access
surgery.”>*' However, if patient’s need
multiple interventions, they still may
experience a similar fatigue. Further-
more, if patients require open BVT,
lipectomy, or basilic vein ligation, they
are not being spared an open surgery.

Use of contrast is required with one
of the devices for pAVF formation (Table
I). This contrast exposure could cause
further renal injury to a patient who is
CKD V and may result in tunneled
catheter use for hemodialysis, with asso-
ciated increased infection risk.>** Fur-
thermore, in terms of predicting
successful pAVF creation and effective
maturation for hemodialysis, there are
currently no patient factors, which have
been established for surgical AVFs,* to
predict pAVF success or failure. There
are inclusion/exclusion criteria based on
vessel size for pAVF creation, but it is
unknown which patient characteristics
will increase or decrease the likelihood
of pAVF use.

Opverall, the percutaneous AVF repre-
sents a novel technology for dialysis
access creation. High technical success
rates are observed in pAVF creation with
both devices, given the data is comin
from select institutions with highly
skilled surgeons and specialists. The for-
mation of a PAVF is applicablc in certain
situations but is not yet equivalent to that
of surgical AVF creation. It is important

to understand that multiple secondary
procedures could delay maturation of the
pAVF and result in the same surgical
fatigue experienced by patients with sur-
gical AVFs. Furthermore, patients are
not being spared from surgery if superfi-
cialization is required. Further studies
are warranted to investigate the matura-
tion rates, long-term patencies, and dial-
ysis capabilities of pAVF in comparison
to surgical AVF to better understand its
utility in dialysis access creation.
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