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Extended Follow-Up of an Endovascular 
Venous Anastomotic Connector 
for Arteriovenous Graft Creation in 
Hemodialysis: A Multicenter Study

Introduction
Despite the recent resurgence of arteriovenous grafts (AVGs) as an access option in the 
end stage renal disease (ESRD) “life-plan” [1], as articulated by the latest Kidney Disease 
Outcomes Quality Initiative (KDOQI) Guidelines for Vascular Access, traditional sutured 
AVG patency outcomes continue to be plagued by venous anastomotic stenosis, leading to 
thrombosis and eventual AVG abandonment [2]. Venous stenosis in AVGs most frequently 
arises from progressive neointimal hyperplasia caused by surgical trauma, inflammation, 
and flow turbulence [3]. 

The EndoForce (formerly InterGraft) Venous Anastomotic Connector offers an alternative, 
less traumatic endovascular venous anastomotic technique for AVG creation. It was 
recently studied in a multicenter, single-arm pivotal trial, evaluating the safety and 
effectiveness of AVG implantation using the connector throughout a 6-month follow-up 
period [4]. A total of 158 participants were enrolled from 10 study sites, among whom 
144 participants were evaluable at six months. The study is registered on clinicaltrials.
gov with identifier NCT02532621. By Kaplan Meier survival analysis, cumulative patency 
was 92.08% with a lower 95% confidence bound of 86.98%. This compares favorably with 
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Abstract
Objective: Arteriovenous grafts (AVGs) are a key access option in hemodialysis but are 
prone to venous stenosis and thrombosis, often necessitating frequent interventions. 
The EndoForce endovascular connector offers a less traumatic alternative to traditional 
sutured techniques. The purpose of this extended follow-up study is to evaluate the long-
term cumulative patency of the EndoForce connector.

Methods: In this multicenter follow-up study, 37 participants from the original pivotal 
trial who underwent at least one intervention were observed for an additional six months 
from the last intervention. Outcomes included cumulative patency and intervention rates 
beyond the initial study period.

Results: Thirteen of 37 participants underwent 22 additional interventions (1.32 
interventions per patient-year). Cumulative patency 180 days into the extended follow-
up was 78.4%. All interventions were successful; no device-related complications such as 
migration, kinking, or fracture were reported.

Conclusion: These findings suggest that the EndoForce endovascular connector supports 
durable AVG patency and a low intervention burden, reinforcing its potential role in 
modern end stage renal disease (ESRD) vascular access planning.

Clinical Trial Registration: ClinicalTrials.gov Identifier: NCT02532621.
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the AVG outcomes described in a recent 
meta-analysis, which reported a 6-month 
primary patency rate of 56% and a 6-month 
cumulative patency of 80% [5]. The Endoforce 
connector’s endovascular design may reduce 
surgical trauma at the venous anastomosis, 
mitigate intimal hyperplasia, and promote 
laminar flow compared to traditional sutured 
techniques, potentially accounting for these 
favorable patency outcomes.

The authors concluded that the results 
demonstrate that the Endoforce endovascular 
connector can be used for successful creation 
of a graft for hemodialysis, with acceptable 
cumulative patency and safety profile at 
six months. This pivotal trial also provided 
sufficient safety and effectiveness evidence 
for premarket approval from the United 
States Food and Drug Administration (FDA) 
in 2025. 

By study design, participant follow-up 
was limited to six months; therefore, the 
total number of interventions required 
maintaining AVG patency beyond six 
months was not reported. The purpose of 
this extended follow-up study is to evaluate 
the number of interventions performed to 
achieve cumulative patency for an additional 
six months beyond the most recent 

intervention reported in the Endoforce 
pivotal trial.

Methods
Study Design and Outcomes 

This was retrospective study of the original 
data set of the EndoForce pivotal trial, 
with an extended follow-up of participants 
from the pivotal trial who had at least one 
graft intervention. No new procedures 
were required. In 2023, participating sites 
collected data via medical record review and/
or interviews. Outcomes evaluated included 
post-intervention graft patency information 
and the number and details of any new 
graft interventions during an additional six 
months of follow-up, starting from the date 
of the last reported graft intervention in the 
pivotal trial. 

Participants for Extended Follow-up 

Of the 158 pivotal trial participants, 55 had 
at least one graft intervention, six were 
excluded (withdrawn or graft abandonment), 
and nine were from non-participating sites. 
Of the 40 eligible participants, three were 
lost to follow-up, leaving 37 for final analysis 
[Figure 1]. Institutional review board (IRB) 
informed consent requirements were waived 

 Figure 1: Participant Flow Diagram.
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for deceased participants; otherwise, written 
informed consent was obtained.

Data Collection and Monitoring 

Standardized forms were completed and 
verified by site investigators. Independent 
monitors reviewed source data and 
confirmed database accuracy. Data were 
recorded by study coordinators on 
standardized data collection forms provided 
by the Sponsor. All completed data collection 
forms were reviewed and approved by the 
site principal investigator. Data were entered 
into a database by independent data entry 
personnel. 

Data Monitoring and Quality Assurance 

Monitoring was performed for source data 
verification of information recorded on 
the data collection forms, including review 
of operative notes for graft intervention 
procedures and review of available death 

records, where applicable. A monitor also 
verified that data entered in the database 
matched the information recorded on data 
collection forms and that no data entry errors 
occurred. 

Statistical Analysis 
Descriptive statistics including mean and 
standard deviation were used to summarize 
continuous variables. Binary outcomes were 
represented as counts and proportions. 
Kaplan-Meier survival analysis was performed 
to estimate the probability of an additional 
intervention over time. Analyses were 
performed by an independent statistician 
using R version (4.3.2). (R Foundation for 
Statistical Computing, Vienna, Austria).

Results
Baseline characteristics are reported in [Table 
1], along with the baseline characteristics of 

Characteristic

Extended Follow-up 
Cohort
(N=37)

Mean ± SD 
or N (%)

AVG Intervention 
Cohort
(N=55)

Mean ± SD 
or N (%)

 No AVG 
Intervention Cohort

(N=103)
Mean ± SD 

or N (%)

Pivotal Study Cohort 
(N=158) 

Mean ± SD 
or N (%)

Age, years 61 ± 16 61 ± 15 63 ± 15 63 ± 15
Gender: Male

                     Female
13 (35)
24 (65)

21 (38)
34 (62)

40 (39)
63 (61)

61 (39)
97 (61)

Body Mass Index 30.1 ± 9.3 30.2 ± 10.1 29.9 ± 7.7 30.0 ± 8.6
Ethnicity:

Hispanic or Latino
Not Hispanic or Latino
Unknown/not reported

1 (3)
35 (95)

1 (3)

2 (4)
52 (95)

1 (2)

1 (1)
102 (99)

0 (0)

3 (2)
154 (97)

1 (1)
Race:

Asian
Black or African American
White

1 (3)
27 (73)
9 (24)

1 (2)
38 (69)
16 (29)

0 (0)
85 (83)
18 (17)

1 (1)
123 (78)
34 (22)

Diabetes mellitus 21 (57) 32 (58) 66 (64) 98 (62)
Obesity 12 (32) 16 (29) 35 (34) 51 (32)
Hypertension 20 (54) 28 (51) 61 (59) 89 (56)
Cardiovascular disease 17 (46) 24 (44) 54 (52) 78 (49)
Previous permanent vascular accesses for 
hemodialysis, any location:

0
1
≥ 2

14 (38)
19 (51)

3 (8)

18 (33)
27 (49)
10 (18)

46 (45)
39 (38)
18 (17)

64 (41)
66 (42)
28 (18)

Previous permanent vascular access for 
hemodialysis in target limb:

0
≥ 1 21 (57)

16 (43)
27 (49)
29 (53)

46 (45)
57 (55)

90 (57)
68 (43)

Current vascular access using catheter 34 (92) 48 (87) 86 (83) 134 (85)
Duration of hemodialysis:

< 6 months
≥ 6 months and <12 months
≥ 12 months

NA (not currently receiving hemodialysis)

20 (54)
3 (8)

12 (32)
2 (5)

27 (49)
4 (7)

21 (38)
3 (5)

42 (41)
11 (11)
38 (37)
12 (12)

69 (44)
15 (9)

59 (37)
15 (9)

Table 1: Demographic and Baseline Characteristics for Extended Follow-up, AVG Intervention, No AVG Intervention, and the Pivotal Study Cohorts.
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the AVG Intervention Cohort, the No AVG 
Intervention Cohort, and the Pivotal Trial 
Cohort. Of 37 participants, five experienced 
graft abandonment and three died during 
follow-up. Graft patency and intervention 
data were collected up to the date of 
these terminal events. Graft patency and 
intervention information are summarized 
in [Table 2]. Among all 37 participants with 
extended follow-up data, continued access 
at the end of the extended follow-up period 
was reported in 29 participants. Thirteen 
underwent 22 additional interventions, 
yielding an intervention rate of 1.32 per 
patient-year, similar to the 1.22 per patient-
year rate reported in the pivotal trial. Of 
these, eight (36%) targeted the endovascular 
venous anastomotic connector itself. All 
interventions restored flow and were 
completed without complications, consistent 
with technical success. There were no reports 
of migration, kink, compression, or other 

damage/defect to the implanted connector. 
Specific outcomes for each participant are 
presented in [Figure 4].

Kaplan-Meier analysis of cumulative patency 
in the extended follow-up period was 
performed, with time to loss of patency 
measured from the date of the last reported 
graft intervention in the pivotal trial. As 
shown in [Figure 2], the estimated cumulative 
patency at 180 days into the extended follow-
up period was 78.4%. 

Kaplan-Meier analysis was also performed 
to compare cumulative patency outcomes 
in participants with and without graft 
interventions during the pivotal trial [Figure 
3]. Time to loss of patency was measured 
from the date of implant for those without 
intervention, and from the date of the first 
intervention for those with one or more 
interventions during the pivotal trial. The 
cumulative patency at six months was nearly 

Parameter
Value

(Number of participants, unless 
otherwise indicated)

Continued access at end of extended follow-up period 29
Terminal events during extended follow-up period 

 Death
AVG abandoned

8
5
3

Additional AVG interventions to maintain patency, during extended 
follow-up period

1 intervention
2 interventions

 ≥ 3 interventions

13

8
3
2

Total # of AVG interventions during extended follow-up
(among all 13 participants with additional interventions) 22

Reason(s) for AVG intervention: 
Thrombosis
Poor flow 
Outflow stenosis
Cannulation difficulty 
Arm swelling
Hand/arm pain

16
1
1
3
2
1

Stenosis identified 
Stenosis location(s): 

AVG
Edge stent 
Central vein 
Outflow vein 
Inflow artery
EndoForce

22

9
1
6
8
2
8

Intervention success 22
Major procedural complications during AVG interventions 0
Evidence of EndoForce migration, kinking, compression, fracture or 

other damage noted during extended follow-up 0

Total AVG interventions, pivotal trial plus extended follow-up
1 intervention
2 interventions
≥ 3 interventions

15
10
12

Table 2: Summary of AVG Interventions and Outcomes in Extended Follow-up (N=37).
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Figure 3: Kaplan-Meier Survival of Cumulative Patency by Intervention History (Pivotal Trial).

Figure 2: Kaplan-Meier of Cumulative Patency (Extended Follow-up).
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identical (91.79% vs. 91.80%; logrank p = 
0.769). 

Discussion
The Fistula First Breakthrough Initiative 
(FFBI), launched in 2003, shaped vascular 
access practices in the United States by 
promoting arteriovenous fistulae (AVFs) as 
the preferred access for hemodialysis [6]. This 
initiative successfully increased prevalent 
use of AVF from around 30% in 2003 to 
above 60% in 2015, surpassing the original 
KDOQI guideline of 40% AVF use in prevalent 
hemodialysis patients and 50% in incident 
hemodialysis patients [7]. In the ensuing years 
the demographics of the ESRD population 
have shifted dramatically, with patients aged 
65 years and older comprising more than half 
of incident hemodialysis patients [8].

Despite the theoretical advantages of AVFs, 
substantial clinical evidence has emerged 
documenting significant limitations in 
their universal application. About 5-20% 

of fistulae fail because of early thrombosis, 
and 20-50% fail to mature, requiring assisted 
maturation by interventional procedures [9]. 
These challenges are pronounced in elderly 
patients, who present with diminished vein 
quality and elasticity, higher prevalence of 
atherosclerotic disease and increased risk 
of infection [10, 11]. In elderly populations 
AVGs may offer several distinct advantages 
[11]. In patients older than 80 years, AVG 
placement results in higher early utilization 
rates (38.7% vs. 15.4% within the first six 
months) and reduced rate of non-use (41.8% 
never used vs. 63.5% of AVFs never used for 
hemodialysis). AVGs also demonstrated faster 
time to successful cannulation (median 75 
days vs. 114 days for AVFs) and substantially 
lower maturation failure rates in elderly 
cohorts. In addition to the above, elderly 
patients also have a higher comorbidity 
burden and experience a mortality rate of 30-
50% within the first year of dialysis initiation. 
The combination of extended maturation 
time and high failure rate of AVFs, results in 

Figure 4: Swimmer Plot of Individual Outcomes (N=37).
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prolonged catheter dependence without the 
intended benefits of an AVF.

Female gender is another import 
demographic factor affecting fistula 
maturation. Even when routine preoperative 
vascular mapping is utilized to ensure adequate 
vessel size [12], and despite a higher frequency 
of attempted salvage procedures [13], women 
have a lower AVF maturation rate. 

These complexities were taken into account 
in the 2019 KDOQI clinical practice guideline 
for vascular access, which adopted an 
individualized, patient-centered framework 
transitioning from the rigid “Fistula First-
Catheter Last” mandate to the “Patient 
First: ESKD Life-Plan”. The emphasis here is 
on achieving the “right access, in the right 
patient, at the right time, for the right reasons” 
[1]. Thus, AVGs are not merely a second option 
for patient with inadequate vasculature, but 
rather represent an appropriate and often a 
preferable primary access choice in elderly 
individuals with multiple comorbidities 
and in patients with limited life expectancy, 
especially if they are already on dialysis via a 
dialysis catheter.

While an attractive option in a select group 
of patients, stenosis at the graft-vein 
anastomotic site is a major problem which 
leads to occlusion and thrombosis. This 
stenosis almost always arises from progressive 
neointimal hyperplasia. Surgical trauma, 
bio incompatibility and mechanical stresses 
all play a role in the intimal hyperplasia 
[14]. The current clinical treatment for AVG 
stenosis is mainly percutaneous transluminal 
angioplasty (PTA) [15]. Although PTA 
improves the blood flow, the vascular wall 
injury produced by the balloon promotes 
hyperplasia and further stenosis. The 
successful prevention of stenosis is therefore 
essential for the longevity of AV synthetic 
grafts.

This extended follow-up study in 37 
participants showed an estimated 
intervention rate of 1.32 per patient-year, 
which was similar to the rate observed in the 
pivotal trial (1.22 interventions per patient-
year) builds on initial data showing favorable 
outcomes with the EndoForce connector. 
These intervention rates compare favorably 
with the 1.58 interventions per patient-
year reported in a large study [16]. Further, 
a recent large retrospective United States 

Renal Data System study showed after in the 
AVG group, 5,928 of 10,271 patients (57.7%) 
required intervention, with a therapeutic 
intervention rate of 1.87 per patient-year [17].

Of note, all AVG interventions reported 
during extended follow-up were successful 
and no major procedural adverse events 
occurred. There were no reports of migration, 
kink, compression, or other damage/defect 
to the implanted EndoForce connector. In 24 
participants (65%), there no additional new 
interventions were required in the extended 
follow-up period.

This study has several important limitations.  
First, the original pivotal trial was a single 
arm, non-randomized trial. Secondly, the 
extended follow up cohort was selected and 
analyzed post hoc, rather than identified as 
a variable of interest at the initiation of the 
pivotal trial.  Further, the comparisons made 
in the pivotal trial as well as those described 
in this discussion are not direct comparisons, 
but rather historical outcomes of separate 
studies. 

While this cohort had prior interventions 
and might represent a higher-risk group, 
their baseline characteristics aligned with 
the larger pivotal cohort, minimizing 
selection bias. Patency at an additional 6 
months beyond the most recent intervention 
(78.4%) exceeds that typically reported for 
sutured AVGs (70%). The device’s reduced 
intervention burden may positively impact 
health-related quality of life (HRQoL), which 
should be explored in future studies using 
validated tools like the Hemodialysis Access-
Related Quality of Life (HARQ) instrument.

Conclusion
The results of the extended follow-up study 
suggest that, in addition to the patency rate 
at six months described in the EndoForce 
pivotal trial, an endovascular venous 
anastomosis may confer a benefit to the 
ESRD patient by reducing the number of 
interventions that need to be performed 
to achieve patency. Frequent interventions 
represent a source of quality-of-life reduction 
in the ESRD population [18]. Frequent 
interventions may lead ESRD patients to 
experience increased pain, anxiety, and 
depression due to the recurring nature of 
these problems and the constant worry about 
potential complications [19-21]. Although the 
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reduction in interventions per year reported 
in this study (1.32 per patient-year) was not 
directly compared to the interventions per 
year reported in the literature (1.58-1.87 per 
patient-year), a potential improvement in 
quality of life measures should be further 
investigated. Since both the EndoForce 
pivotal trial as well as this extended follow up 
study does not directly compare outcomes 
to sutured AVGs, a meta-analytic approach 
to compare endovascular anastomosis of an 
AVG with a traditional sutured anastomosis 
may be warranted.
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