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This retrospective, single center, case report describes the first use of the Ellipsys Vascu-
lar Access System for percutaneous arteriovenous fistula (pAVF) creation in children. Two
adolescent (<20 year of age) patients (18 and 19-year-old females), one of whom was devel-
opmentally delayed, were not considered candidates for traditional surgical arteriovenous

fistula creation. pAVF creation was successful in both patients using the Ellipsys device and

Keywords:

Pediatrics

Dialysis access
EndoAVF

Interventional radiology

physiologic maturation of the fistula was achieved within 8 weeks of creation with subse-
quent 2 needle cannulation. No complications or adverse events were encountered. pAVF
creation with the Ellipsys device can be safely performed in adolescents. Further studies
will be needed to validate the expanded use of these devices in children.

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Percutaneous arteriovenous fistula (pAVF) creation with the
Ellipsys Vascular Access System (Avenu Medical, San Juan
Capistrano, CA) and the WavelinQ EndoAVF System (Bard Pe-
ripheral Vascular, Inc., Tempe, AZ) have been recently de-
scribed as an alternative to surgical arteriovenous fistulae
(SAVF). Their technical success, safety and efficacy has been
well established in adults (>21 years of age) [1-3]. As compared
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to sAVF, pAVF may confer improved patency rates and overall
reduced costs [4,5].

The point prevalence of end stage kidney disease (ESKD)
among children (<21 years of age) in the United States was
8959 or 98.7 per million population with a total of 1173 chil-
dren with a new diagnosis of ESKD in 2017 [6]. Since 2006,
81.5% of the incident pediatric ESKD patients started ther-
apy with hemodialysis (HD) with an indwelling catheter [7].
A cross sectional point prevalence in May 2017 among pedi-
atric HD patients demonstrated that 44% were being dialyzed
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with an AVF, as compared to 64.5% among adults [7]. Tech-
nical challenges and limited pediatric surgical expertise are
major barriers to AVF placement [8]. The use of pAVF devices
presents an opportunity toward increasing rates of permanent
vascular access among pediatric patients.

While initial experiences with pAVF devices in adults have
been favorable, there is limited data to show its efficacy and
safety in children. This brief report describes the use of the
Ellipsys Vascular Access System in 2 adolescents (<20 years
of age) in a tertiary children’s hospital with particular focus
on technical success, complications, patency and physiologic
and clinical maturation as defined by the Kidney Dialysis Out-
comes Quality Initiative [9,10].

Case Report

This single center retrospective case report complied with the
Health Insurance Portability and Accountability Act. Informed con-
sent and Institutional Review Board approval was not required
for this case report.

Case 1

An 18-year-old female (74 kg) with HD dependent ESKD was
referred to interventional radiology for possible pAVF place-
ment. The existing HD access was through a right internal
jugular central venous catheter (CVC). Prior surgical evalu-
ation did not reveal a suitable target for creation of a dis-
tal radio-cephalic fistula. Preprocedure ultrasound (US) of the
proximal forearms demonstrated bilateral vessel diameters
appropriate for the Ellipsys device (2 mm diameter of the per-
forating vein (PV), 2 mm diameter of the proximal radial artery
and less than 1 mm between the 2 vessels). The patient under-
went pAVF placement in the right forearm.

The procedure was performed under general anesthesia in
conjunction with a brachial plexus nerve block for vasodila-
tion. Creation of the pAVF with the Ellipsys was performed via
the cephalic vein (the patient did not have contiguous basilic
vein outflow) as previously described [2]. After creation of the
anastomosis, balloon dilation was performed using a 6 mm x
40 mm Sterling balloon (Boston Scientific Corporation, Marl-
borough, MA). Post procedure brachial artery inflow was then
measured as an index for future comparison. No immediate
post procedural complications were encountered and the pa-
tient was discharged on the same day.

Follow up US examination was performed at 1 week and 4
weeks post procedure. Brachial artery inflow, target vein (TV)
diameters and flow rates were recorded (Table 1). Due to de-
creased brachial artery and TV flow at the 4 week US, a fistu-
logram was performed from a distal radial access and demon-
strated minimal stenosis at the anastomosis along with sev-
eral competing veins arising from the PV leading to paired
brachial veins (Fig. 1). A 6 x 40 mm Sterling balloon was used
to treat the anastomotic stenosis and the competing outflow
veins were coil embolized using 7 mm x 30 cm Concerto
3D detachable coils (Medtronic, Minneapolis, MN). Increased
brachial artery inflow was demonstrated post procedure.

Follow up US was performed 2 weeks after this maturation
procedure, demonstrating continued improvement in brachial
artery inflow with physiologic maturation of the pAVF, as de-

fined by the updated Kidney Dialysis Outcomes Quality Initia-
tive guidelines [9,10]. At that point, the pAVF was deemed ap-
propriate for needle cannulation, approximately 8 weeks from
creation. Due to restrictions put in place during the COVID-
19 pandemic, in-person training for two needle cannulation
of the fistula was delayed. As a consequence, cannulation of
the pAVF was performed approximately 8 months after the
secondary procedure. Interval surveillance during this time
demonstrated continued patency of the pAVF with no de-
crease in flows nor reported symptoms.

Case 2

A 19-year-old female (46 kg) with developmental delay and
ESKD was referred to interventional radiology for pAVF place-
ment. Existing HD access was through a right internal jugular
CVC. Pre procedural US demonstrated appropriate vessel sizes
for pAVF in both forearms but PV tortuosity favored placement
in the left proximal forearm. The cephalic and basilic venous
systems were noted to be contiguous.

The procedure was performed under general anesthesia in
conjunction with a brachial plexus nerve block. Creation of the
PAVF with the Ellipsys was performed via the cephalic vein
outflow. After creation of the anastomosis, balloon dilation
was immediately performed using a 6 mm x 40 mm Sterling
balloon. No immediate post procedural complications were
encountered and the patient was discharged on the same day.

Post procedural brachial artery inflow, TV diameter and
flow rates on US follow up demonstrated persistently elevated
brachial artery inflow but decreasing flows in the cephalic and
basilic venous systems (Table 1). Dialysis fistulogram was per-
formed from a distal radial arterial access demonstrating a
competing vein arising from the PV draining into the brachial
vein as well as an accessory cephalic vein in the mid upper
arm (Fig. 2). Coil embolizations of the competing vein and the
accessory cephalic vein were performed using 7 mm x 30 cm
Concerto 3D detachable coils.

Follow up US performed 2 weeks after this maturation
procedure demonstrated persistent sufficient brachial artery
inflow with physiologic maturation of the pAVF, ready for
needle cannulation, approximately 8 weeks from creation.
Due to COVID-19 restrictions, 2 needle cannulation of the
PAVF was delayed until approximately 6 months after the
secondary procedure. Interval surveillance during this time
demonstrated continued patency of the pAVF with no de-
crease in flows nor reported symptoms.

Discussion

To our knowledge we describe the first pediatric experience
of pAVF creation with the Ellipsys Vascular Access System in
2 adolescents in a tertiary children’s hospital. Neither patient
experienced any significant adverse events or complications
as defined by the Society of Interventional Radiology nor re-
ported any adverse symptoms from pAVF placement [11].
Over the past several years, pAVF devices have provided
adult patients with ESKD an additional method of obtaining
permanent HD access. As Chand et al. outlined however, pe-
diatric patients are especially susceptible to barriers that limit
their access to an arteriovenous fistula. While several factors
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Fig. 1 - Eighteen-year-old female with ESRD. pAVF creation was performed 7 weeks prior to these images. (a) Initial
fistulogram from a right radial access demonstrated embolization coils in a competing vein arising from the perforating
vein (arrowhead) and minimal stenosis of the anastomosis (arrow). A second competing vein is also noted arising from the
perforating vein (asterisk). (b) Fistulogram post embolization of the competing vein and angioplasty of the anastomosis
shows improved outflow throughout the pAVF. Physiologic maturation of the pAVF was achieved 2 weeks post procedure.
(c, d) Ultrasound evaluation of the cephalic vein outflow 24 weeks post creation. pAVF, Percutaneous arteriovenous fistula;
MCV, Median cephalic vein; DUA, Distal upper arm.
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Fig. 1 - Continued

contribute to the low rate of prevalent fistulas in children, one
major reason has been the lack of surgical expertise in fis-
tula creation [8]. The use of pAVF devices therefore provides
a unique opportunity for interventional radiologists to help
these patients.

Safety of pAVF devices was demonstrated by Mallios et al.,
who described a series of over 200 patients who underwent
PAVF creation with the Ellipsys device without a single ad-
verse event [12]. The 2 patients in this case report had success-
ful creation of a pAVF with no signs or symptoms associated

with steal syndrome, likely attributable to the moderate flow
of these fistulas [13].

There is a growing body of literature that suggests the pa-
tency rates of pAVFs, particularly those created by the Ellipsys
device, exceed that of SAVFs [4,5,14,15]. In a series of over 100
patients, Beathard et al. demonstrated 6, 12, and 24 month pa-
tency rate of 97.1%, 93.9%, and 92.7% of pAVFs created with the
Ellipsys device, as compared to Stompous et al.’s large mul-
ticenter cohort study of sAVFs demonstrating 12 month pa-
tency rates of 48% [16,17]. The use of the Ellipsys device in two

Table 1 - Pre and post procedure target vein diameter, depth and flow measurements by ultrasound.

Age/ Weight  Preprocedure Postprocedure
gender  (kg) ; ; ; ; ; ; ;
Target vein Target vein Time from Brachial Target vein Target vein Target vein
diameter depth (mm)  creation artery inflow diameter depth (mm) flow
(mm) (mL/min) (mm) (mL/min)
Patient1  18/F 74 4.7 4.7 Immediate 420
1 week 715 5.2 6.7 365
4 weeks 597 6.5 4.7 268
8 weeks 806 7.4 49 599
24 weeks 764 9.3 4.8 602
Patient2  19/F 46 3.9/3.1* 3.0/3.9 Immediate 463
1 week 1225 4.2/4.6 5.1/3.9 249/362
4 weeks 1312 4.4/5.3 6.4/6.0 316/95
8 weeks 1513 6.2/6.6 5/2.6 721/811
20 weeks 1266 8/6.6 2.6/3.6 587/1124

* Patient 2 has both cephalic and basilic venous outflow. Target vein diameter, depth, and flow measurements are reported in this manner

(cephalic/basilic).
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Fig. 2 - Nineteen-year-old female with ESRD and developmental delay. The patient underwent pAVF creation 7 weeks prior
to these images. (a) Initial fistulogram from radial arterial access demonstrates the patent pAVF with a venous collateral
arising from the perforating vein (black asterisk). (b) An accessory cephalic vein was also identified, felt to be impeding
cephalic vein outflow maturation. (c) Fistulogram post coil embolization of the accessory cephalic vein and the perforating
vein collateral demonstrates improved venous outflow in both the cephalic and basilic veins. Physiologic maturation of the
PAVF was achieved 2 weeks post procedure.
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Fig. 3 - Ten-year-old male with ESRD on hemodialysis via a right internal jugular central venous catheter. Ultrasound
evaluation for possible pAVF demonstrates the right perforating vein (white asterisk) and the proximal radial artery (white
star) in the forearm meeting size criteria for the Ellipsys device. The vessels are touching with no distance in between.

adolescents have thus far been encouraging, demonstrating a
100% patency rate at 8 months (as of this writing) but more
work will be needed to validate this finding to the broader pe-
diatric population.

With endovascular AVFs, additional procedures may be re-
quired to attain physiologic maturation. Recently, Hull at al.
reported the rate of secondary maturation procedures at 67%
[18]. While this rate represents a decrease from the initial
studies (likely owing to the inclusion of balloon angioplasty of
the anastomosis during the index pAVF creation), this limited
pediatric report demonstrated a greater need for secondary
maturation procedures to attain maturation [1]. Further stud-
ies will be needed to validate this increased need for sec-
ondary procedures in this population, but our results may in-
form clinical decision making and informed consent in the in-
terim. Of note, both secondary procedures were successful in
achieving physiologic maturation within 8 weeks of creation.

While limited, the results of this report on pAVF device use
in adolescents should be encouraging, particularly to a sub-
set of pediatric patients who have had traditional barriers to
obtaining an AVF suitable for dialysis. Given the low rate of in-
cident fistulas in pediatric patients with ESKD and the rising
rate of CVC use in this population, the introduction of pAVF
devices could dramatically change the landscape of pediatric

dialysis care and access [10]. Though the widespread applica-
bility of these devices in children will need further validation,
patients as young as 10 years of age may be candidates for
the Ellipsys device (Fig. 3). The device offers a less invasive op-
tion to achieve the stated goals of the Fistula First Initiative
[19]. Higher rate of secondary procedures to achieve matura-
tion may be required. Further studies will be needed to vali-
date the expanded use of these devices in children.

Patient Consent Statement

Written, informed consent for publication of these cases was
obtained from the patients. Scanned documentation of their
signatures is available upon request.

REFERENCES

[1] Hull JE, Elizondo-Riojas G, Bishop W, Voneida-Reyna YL
(2017) Thermal resistance anastomosis device for the
percutaneous creation of arteriovenous fistulae for



RADIOLOGY CASE REPORTS 16 (2021) 441-447

447

2

3

[4

[5

6

7

(8l

9

(10]

hemodialysis. ] Vasc Interv Radiol JVIR 28:380-387.
https://doi.org/10.1016/j.jvir.2016.10.033.

Hull JE, Jennings WC, Cooper RI, Waheed U, Schaefer ME,
Narayan R (2018) The pivotal multicenter trial of
ultrasound-guided percutaneous arteriovenous fistula
creation for hemodialysis access. ] Vasc Interv Radiol JVIR
29:149-158. e5. https://doi.org/10.1016/j.jvir.2017.10.015.
Mallios A, Jennings WC, Boura B, Costanzo A, Bourquelot P,
Combes M (2018) Early results of percutaneous arteriovenous
fistula creation with the ellipsys vascular access system. ]
Vasc Surg 68:1150-1156.
https://doi.org/10.1016/j.jvs.2018.01.036.

Arnold RJG, Han Y, Balakrishnan R, Layton A, Lok CE,
Glickman M, et al (2018) Comparison between surgical and
endovascular hemodialysis arteriovenous fistula
interventions and associated costs. ] Vasc Interv Radiol JVIR
29:1558-1566. e2. https://doi.org/10.1016/j.jvir.2018.05.014.
Yang S, Lok C, Arnold R, Rajan D, Glickman M (2017)
Comparison of post-creation procedures and costs between
surgical and an endovascular approach to arteriovenous
fistula creation. ] Vasc Access 18:58-S14.
https://doi.org/10.5301/jva.5000723.

National Institutes of Health, National Institute of Diabetes
and Digestive and Kidney Diseases United States Renal Data
System. 2019 USRDS Annual Data Report: Epidemiology of
kidney disease in the United States.

National Institutes of Health, National Institute of Diabetes
and Digestive and Kidney Diseases (2018) United States
Renal Data System. 2018 USRDS Annual Data Report:
Epidemiology of kidney disease in the United States.

Chand DH, Geary D, Patel H, Greenbaum LA, Nailescu C,
Brier ME, et al. Barriers, biases, and beliefs about
arteriovenous fistula placement in children: a survey of the
International Pediatric Fistula First Initiative (IPFFI) within
the Midwest Pediatric Nephrology Consortium (MWPNC).
Hemodial Int Int Symp Home Hemodial 2015;19:100-7
https://doi.org/10.1111/hdi.12182 .

Lok CE, Huber TS, Lee T, Shenoy S, Yevzlin AS, Abreo K, et al
(2020) KDOQI clinical practice guideline for vascular access:
2019 Update. Am ] Kidney Dis 75:51-S164.
https://doi.org/10.1053/j.2jkd.2019.12.001.

Beathard GA, Lok CE, Glickman MH, Al-Jaishi AA, Bednarski
D, Cull DL, et al (2018) Definitions and end points for
interventional studies for arteriovenous dialysis access. Clin
J Am Soc Nephrol 13:501-512.
https://doi.org/10.2215/CJN.11531116.

(11]

(12]

(23]

(14]

(23]

[16]

(17]

(18]

(29]

Khalilzadeh O, Baerlocher MO, Shyn PB, Connolly BL, Devane
AM, Morris CS, et al (2017) Proposal of a new adverse event
classification by the Society of Interventional Radiology
Standards of Practice Committee. ] Vasc Interv Radiol
28:1432-1437.e3. https://doi.org/10.1016/j jvir.2017.06.019.
Mallios A, Bourquelot P, Franco G, Hebibi H, Fonkoua H,
Allouache M, et al. Midterm results of percutaneous
arteriovenous fistula creation with the ellipsys vascular
access system, technical recommendations, and an
algorithm for maintenance. ] Vasc Surg 2020
50741521420304766. https://doi.org/10.1016/j.jvs.2020.02.048 .
Jennings WC. Creating arteriovenous fistulas in 132
consecutive patients: exploiting the proximal radial artery
arteriovenous fistula: reliable, safe, and simple forearm and
upper arm hemodialysis access. Arch Surg Chic Ill 2006 1960
141:27-32-discussion 32.
https://doi.org/10.1001/archsurg.141.1.27 .

Jones RG, Morgan RA (2018) A review of the current status of
percutaneous endovascular arteriovenous fistula creation
for haemodialysis access. Cardiovasc Intervent Radiol 3:437.
https://doi.org/10.1007/s00270-018-2037-6.

Shahverdyan R, Beathard G, Mushtaq N, Litchfield TF, Nelson
PR, Jennings WC (2020) Comparison of outcomes of
percutaneous arteriovenous fistulae creation by Ellipsys and
WavelinQ devices. ] Vasc Interv Radiol 31:1365-1372.
https://doi.org/10.1016/j.jvir.2020.06.008.

Beathard GA, Litchfield T, Jennings WC (2019) Two-year
cumulative patency of endovascular arteriovenous fistula. J
Vasc Access 112972981987778.
https://doi.org/10.1177/1129729819877780.

Stoumpos S, Traynor JP, Metcalfe W, Kasthuri R, Stevenson K,
Mark PB, et al (2019) A national study of autogenous
arteriovenous access use and patency in a contemporary
hemodialysis population. ] Vasc Surg 69:1889-1898.
https://doi.org/10.1016/j.jvs.2018.10.063.

Hull ], Deitrick J, Groome K (2020) Maturation for
hemodialysis in the ellipsys post-market registry. ] Vasc
Interv Radiol 31:1373-1381.
https://doi.org/10.1016/j.jvir.2020.03.001.

Chand DH, Valentini RP (2008) International pediatric fistula
first initiative: a call to action. Am J Kidney Dis Off ] Natl
Kidney Found 51:1016-1024.
https://doi.org/10.1053/j.ajkd.2008.02.309.


https://doi.org/10.1016/j.jvir.2016.10.033
https://doi.org/10.1016/j.jvir.2017.10.015
https://doi.org/10.1016/j.jvs.2018.01.036
https://doi.org/10.1016/j.jvir.2018.05.014
https://doi.org/10.5301/jva.5000723
https://doi.org/10.1111/hdi.12182
https://doi.org/10.1053/j.ajkd.2019.12.001
https://doi.org/10.2215/CJN.11531116
https://doi.org/10.1016/j.jvir.2017.06.019
https://doi.org/10.1016/j.jvs.2020.02.048
https://doi.org/10.1001/archsurg.141.1.27
https://doi.org/10.1007/s00270-018-2037-6
https://doi.org/10.1016/j.jvir.2020.06.008
https://doi.org/10.1177/1129729819877780
https://doi.org/10.1016/j.jvs.2018.10.063
https://doi.org/10.1016/j.jvir.2020.03.001
https://doi.org/10.1053/j.ajkd.2008.02.309

	Initial experience with the Ellipsys Vascular Access System for percutaneous arteriovenous fistula creation in adolescents: A case report
	 Introduction
	 Case Report
	 Discussion
	 Patient Consent Statement
	 References


