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Introduction

The first surgical arteriovenous fistulas (AVF) for hemodi-
alysis were reported in 1966 by James Cimino and col-
leagues and remain the preferred method of vascular 
access for hemodialysis.1–3 These surgical radiocephalic–
AVFs (sRC-AVF) were created at the wrist between the 
cephalic vein and the radial artery by Ken Appell and were 
cannulated the following day. However, while AVF options 
and locations have expanded greatly, the basic construc-
tion techniques remain unchanged with mobilization and 
repositioning of the vessels followed by a sutured anasto-
mosis. These techniques are all associated with the poten-
tial for vessel rotation or kinking with transposition, injury, 

or devascularization of the vein; high blood flow turbu-
lence; elevated wall sheer stress; and technical misadven-
ture; frequently resulting in outflow venous hyperplasia, 
stenosis and access thrombosis. Surgical techniques and 
outcomes have been described for sRC-AVFs with many 
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reports finding cumulative and functional patency rates of 
roughly 50%.4–7

Recently the Federal Drug Administration has approved 
two new devices for creation of percutaneous arteriovenous 
fistulas (pAVF) in the United States. Both had been availa-
ble in Europe previously and both devices establish pAVF 
inflow in the mid-arm using the proximal radial or ulnar 
arteries for inflow and the deep communicating vein (DCV, 
that is, perforating vein) for outflow.8–10 Percutaneous 
AVFs have been created in patients where a sRC-AVF is 
not feasible. Longer term follow-up has become available 
for the Ellipsys device (Avenu Medical, San Juan 
Capistrano, CA, USA) and have shown functional 
patency > 90% at 2 years.11,12

The Ellipsys system as approved uses a single catheter 
with superficial venous access cannulation creating a 
direct fused anastomosis with thermal energy and pressure 
between the DCV and the proximal radial artery with both 
venous and arterial vessels remaining in their native posi-
tion. We used the Ellipsys device to construct successful 
pRC-AVFs using a more distal communicating vein from 
the cephalic vein at the wrist to the radial vein adjacent to 
the radial artery, recreating an original Cimino AVF and 
report the results (Figures 1–3).

Methods

This study is a retrospective analysis of data collected for 
consecutive vascular access patients, focusing on those 

individuals who had a pRC-AVF created. All patients 
referred for a permanent hemodialysis vascular access dur-
ing a 6-month period underwent duplex ultrasound vessel 
mapping in addition to physical examination. When a 
RC-AVF was feasible and a communicating vein ⩾ 2 mm 

Figure 1. (a) Duplex ultrasound image shows a percutaneous radiocephalic–arteriovenous fistula (pRC-AVF) created with the 
communicating vein at the wrist using the Ellipsys device, (b) brachial artery flow volume 521 mL/min post operatively, and (c) 
matured percutaneous pRC-AVF, initial cannulation was successful at 4 weeks.

Figure 2. A composite duplex ultrasound (US) image shows 
an Ellipsys percutaneous radiocephalic–AVF and a schematic 
diagram of the radial artery AVF inflow at the wrist with mid-
arm outflow through the deep communicating vein (perforating 
vein) in the cubital fossa. US flow volume of 810 mL/min is 
documented 6 months following AVF creation.
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in diameter was noted in the distal forearm along with a 
radial artery ⩾ 2 mm, a pRC-AVF was considered and dis-
cussed with the patient. Informed consent was obtained for 
each individual regarding device use variance from the 
manufacturer’s instructions for use. The procedures were 
performed as outpatients at a tertiary medical center in 
Paris, France.

The pAVF technique with the Ellipsys device has been 
previously described with video images available online.13 
Briefly, the pRC-AVF Ellipsys procedures required a distal 
communicating vein between the deep and superficial 
venous systems ⩾ 2 mm diameter and a radial artery at the 
wrist with an internal luminal diameter ⩾ 2 mm. The pAVF 
device is introduced over a single venous guidewire, 
advanced through the communicating vein and then 
through the vein wall into the radial artery. The Ellipsys 
device captures the arterial and venous walls, creating a 
fused anastomosis using pressure with thermal resistance 
heating. Balloon dilatation (5 × 20 mm) of the communi-
cating vein extending into the anastomosis completes the 
procedure. The same balloon size was used when creating 
a pRC-AVFs for the individuals in this study as the patients 
selected had vessels similar in size and appearance to those 
at the more proximal pAVF site. All Ellipsys pAVF proce-
dures are completed entirely with duplex ultrasound imag-
ing and without contrast or radiation exposure.

Technical success was confirmed by doppler ultrasound 
examination demonstrating pRC-AVF flow through the 
anastomosis, communicating vein, and outflow cephalic 
vein. Maturation was defined as blood flow of 500 mL/min 

in the mid-brachial artery with pRC-AVF outflow diame-
ter > 6 mm. Functional success was repeated and reliable 
dialysis access at the prescribed flow rate to include two 
dialysis sessions within 4 days and with catheter removal 
or without need for catheter placement. Primary patency 
was time from pRC-AVF creation to first intervention and 
cumulative patency was time from pRC-AVF creation to 
access abandonment. The study was approved by the 
Institutional Review Board (Comité d’Evaluation des 
Protocoles et d’Aide à la Recherche, Protocol Evaluation 
and Research Assistance Committee—CEPAR) and was in 
accordance with the Declaration of Helsinki. Participants 
provided informed written consent for publication of 
patient information and images.

Results

Four individuals met the criteria to consider a pRC-AVF 
and all elected to have the procedure performed. Ages 
were 54–85 and three were male. Three patients were dia-
betic and one had previous access surgery. Two had a dial-
ysis catheter at time of the percutaneous procedure and 
two individuals had not yet started dialysis therapy. The 
pRC-AVF sites were established by the position of an ade-
quate communicating venous branch and varied in loca-
tion by 5–10 cm from the wrist.

All pRC-AVFs were technically successful. Successful 
and repetitive two needle cannulation for the two individu-
als with catheters was initiated at 4 and 8 weeks post pro-
cedure. The two pre-dialysis patients had physiologic AVF 

Figure 3. Photos show clinical images of a mature Ellipsys percutaneous radiocephalic–AVF: (a) Flow at 4 weeks was 436 mL/min, 
initial cannulation was successful at 4 weeks, and (b) same patient at 6-month follow-up with 810 mL/min flow.
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maturation (6 mm vein diameter and >500 mL/min flow) 
at 4 and 12 weeks. One of these eventually started dialysis 
using the pRC-AVF without incident and the other patient’s 
renal status remained stable at the end of the study period. 
All three individuals requiring dialysis had functional 
pRC-AVF success.

There were no procedural complications, none have 
required intervention, and there have been no late compli-
cations. No patient required an outflow coil embolization 
either during the pRC-AVF procedure or later during the 
follow-up period. Both primary and cumulative (second-
ary) patency rates were 100% during the study period. 
Procedure times for the pRC-AVFs were 38, 28, 23, and 
18 min. Follow-up was 8–23 months (mean 16 months). 
Access flow volumes were 168, 343, 212, and 521 mL/min 
post-operatively and 550, 615, 810, and 905 mL/min at 
6 months, respectively, as measured in the brachial artery.

Discussion

The first recommendation for permanent hemodialysis 
vascular access remains a RC-AVF at the wrist; however, 
several reports have found up to 50% failure rates with the 
classic Cimino sRC-AVF.2–7 Criticisms of these distal 
AVFs include not only the high rate of access failure but 
also the frequent need for interventions and prolonged 
times for maturation and successful repetitive cannulation. 
Our practice for many years has been to limit sRC-AVF 
construction to those patients with vessels that meet 
acceptable criteria (vein 2.5 mm and artery 2.0 mm in 
diameters and otherwise normal in appearance) by physi-
cal and duplex ultrasound examinations, where success 
and prompt maturation can be expected.14–16 We found 
over 90% cumulative patency at 2 years in sRC-AVFs but 
this practice restricts the number of sRC-AVFs to such 
individuals, approximately 10% of our new vascular 
access patients.14 Importantly, primary patency in this 
select group of sRC-AVF patients was only 48% at 
2 years.14 In anatomically appropriate patients where a 
communicating vein at the wrist is ⩾2 mm in diameter and 
in continuity with both the cephalic and radial veins, an 
Ellipsys pRC-AVF may offer quicker maturation, fewer 
interventions, and shorter procedure times in addition to a 
non-surgical option for patients averse to even a minor sur-
gical operation.

This study presents the novel creation of a RC-AVFs at 
the wrist in select patients established with a minimally 
invasive percutaneous technique, avoiding not only a sur-
gical incision but also the potential problems associated 
with surgical vessel relocation and manipulation. These 
patients all had an adequate distal communicating vein 
leading to the radial vein adjacent to the radial artery as 
identified by duplex ultrasound examination. The preva-
lence of this anatomy and the true population that may 
benefit is currently unknown but clearly, these patients are 

not common and may be more widely appreciated with 
recognition of this access option. Each individual had 
prompt access maturation without complications and all 
remained functional without intervention.

This pAVF site option for the Ellipsys device varied 
from the instructions for use (off-label use) regarding the 
AVF site in both the European and US regulatory bodies; 
however, it conformed with specifications for the identi-
fied vessels (radial artery and a communicating vein), ves-
sel size and proximity requirements, and technical use of 
the device. Initial studies of the Ellipsys pAVF found supe-
rior patency and fewer complications when compared to 
surgical AVFs.9–10 The original Ellipsys pivotal trial has 
now accrued 2-year follow-up data demonstrating func-
tional cumulative patency of 92.7%, and the initial report 
by Mallios et al. has been extended to 2-year follow-up 
with cumulative patency > 90%.11,12 Our observation of 
these four pRC-AVFs is that they result in a percutaneous 
access that is very similar to other pAVF sites previously 
reported and establish a moderate (adequate) flow AVF 
with few, if any, complications. These first patients 
required no interventional procedures but as more indi-
viduals are treated, some will undoubtedly need balloon 
angioplasty or other therapy. We note that with increasing 
experience, the number of necessary interventions for 
pAVF maturation and salvage has decreased.12,13 This 
report includes only four patients; however, it demon-
strates the feasibility of creating successful pRC-AVFs. 
Individuals were not specifically evaluated for a pRC-AVF 
but this procedure was considered when a fistula at the 
wrist was an option. We were careful to create RC-AVFs 
only in patients where we expected prompt success; there-
fore, pRC-AVFs candidates were limited in number to the 
portion of those individuals with suitable anatomy. Further 
investigation is needed to clarify how this application of 
new vascular access technology will be appropriately 
incorporated into clinical practice. Other evaluations may 
include the possibility that somewhat smaller forearm 
veins may eventually become successful AVFs with this 
technique and the potential for some centers to find higher 
patency rates for RC-AVFs using this procedure in selected 
patients.

Conclusion

The success of these percutaneous radiocephalic–AVFs at 
the wrist suggests that use of the Ellipsys device will be 
applicable at the wrist in selected patients where appropri-
ate vessel sizes and configurations are found.
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