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ARTICLE INFO ABSTRACT

Keywords: Background: The aim of this study was to evaluate the midterm results of a brachio-axillary arteriovenous graft
Vascular access (BA-AVG) for the provision of vascular access haemodialysis patients.

Acuseal Materials and methods: A cohort retrospective consecutive single-centre study of 46 patients undergoing BA-AVG
Graft o using the Gore Acuseal, from November 2015 to October 2019 was conducted. Data on patient demographics,
Haemodialysis

comorbidities, medical therapy, and complications were collated for the initial endpoints of primary patency,
primary assisted patency, and secondary patency. A subgroup analysis included outcomes in patients over 70
years old and events (complications) per AVG per year. Data were subjected to Kaplan-Meier survival estimator
with log-rank analysis and test of probability.

Results: The mean age of the cohort was 63.5 years with male predominance (male, n = 27, 59%). A total of 37
(80%) patient procedures were conducted with elective settings as well as on an emergency basis with a 91.3%
technical success rate. The most common complication was grade I steal syndrome (8.7%), followed by graft
infections (4.3%), median nerve neuropraxia (4.3%), and postoperative bleeding (2%), demonstrating a 0.1 per
AVG complication per 2 years. Median primary patency, primary assisted patency, and secondary patency over a
mean follow-up period of 28 months was 5.5, 12.5, and 18 months, respectively, with no associated 30-day
mortality.

Conclusion: BA-AVG with midterm longevity and low complications may serve as an alternative access type when
a suitable site is not identified. The AVG patency rate in the elderly or patients with limited life expectancy is

promising. However, more robust data are needed to confirm the benefit of AVG in this cohort.

1. Introduction

The number of patients with end-stage renal disease (ESRD) that
require haemodialysis is constantly rising worldwide [1]. Arteriovenous
fistulas created from native upper limb veins are the access site of choice
as they provide superior patency and lower complication rates [2]. As
the life expectancy of chronic haemodialysis patients rise, the use of a
synthetic graft to create an arteriovenous brachial-axillary graft on the
upper arm is recommended. This recommendation is for patients who
have exhausted all autologous fistulas access options [3]. However,
these grafts have lower patency rates and shorter lifetimes than autog-
enous arteriovenous fistulas [4].

Non-autogenous or prosthetic arteriovenous grafts AVG are consid-
ered secondary or tertiary access modalities as the surgery is more
challenging. These access modalities are associated with a greater
morbidity than with autogenous AV fistulas (AVF). They also have
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inferior primary and secondary patency compared to autogenous AVFs
[5-7]. However, early failure of fistulas due to thrombosis and/or
inadequate maturation is a barrier to increasing the prevalence of
autogenous fistulas in patients who are being treated with haemodialysis
[81].

The indications for prosthetic AVG include failed AVF/exhausted
superficial veins, unsuitability of available veins particularly in elderly
and diabetic patients, damaged vessels by careless repeated venipunc-
ture, the need for prompt cannulation with avoidance of a central line
insertion (relative indication), and for children who cannot tolerate
multiple painful venipuncture associated with autogenous AVFs [9-11].

In the absence of randomised controlled trials, comparisons may be
flawed by a selection bias, since AV graft patients are approximately 10
years older and have higher comorbidities (diabetes, cardiovascular
disease, lupus) that are associated with poorer vascular anatomy [12].
AV grafts and other forms of vascular access should be delegated to a
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complementary role in the provision of vascular access.

The GORE® ACUSEAL Vascular Graft consists of a three-layer
vascular graft, which includes an elastomer membrane between the
inner and outer layers of expanded polytetrafluoroethylene (ePTFE).
The lumen of the graft has a CBAS Heparin Surface, which provides a
thromboresistant advantage to the vascular graft. The GORE® ACUSEAL
Vascular Graft can be cannulated within 24 h after implantation [13,
14].

2. Material and methods

Research registry number: unique identifying number: researchreg-
istry6235 [15].

This is a retrospective cohort data collection study. The data was
collected from the medical records of NHS patients. As advised by the
ethical committee in our institute, this study is exempt from ethical
committee approval as it is a retrospective data analysis.

This is a retrospective cohort analysis of data collected from 46 pa-
tients on chronic haemodialysis who required vascular access in our
department between January 2015 and October 2019.

These patients received a Gore® Acuseal Brachio-axillary vascular
access graft as a permeant haemodialysis access site.

Indication for the procedure was the absence of further autologous
vascular access options for haemodialysis.

Patient risk factors included ischaemic heart disease (IHD), diabetes
mellitus (DM), hypertension (HTN), peripheral vascular disease (PVD),
hypercholesteremia, and smoking.

Preoperative assessment included a surgeons’ clinical assessment in
a dedicated vascular access clinic with a vascular access nurse, a duplex
ultrasound scan for assessment of the axillary vein and brachial artery,
and a central venogram for patients with previously failed access, pre-
vious central line, or a pacemaker on the same side as the procedure.

A preoperative anaesthesia assessment was also performed by a
consulting anaesthetist prior to the intervention.

The follow-up protocol consisted of a monthly clinical assessment
and an ultrasound with dilution method (transonic). A referral pathway
to a vascular multidisciplinary team meeting was established to refer
any patient with declining transonic surveillance velocity for discussion
and prophylactic investigation or intervention.

The primary endpoints were defined as primary, primary assisted
and secondary patency.

The secondary endpoints were graft-related mortality, as well as
complications including bleeding, infection, steal syndrome and nerve
injury.

The work has been reported in line with the STROCSS criteria [16].

3. Results

Forty-six patients (twenty-seven men and nineteen women) received
a Gore® Acuseal vascular access graft as a result of ESRD. These pa-
tients, who were on chronic haemodialysis, had a technical success rate
of 91.3% and included thirty-seven elective and nine emergency
procedures.

The mean age was 63.5 years, and the mean follow-up time was 28
months (Range from four to fifty-two months).

Risk factors included IHD, 10 patients (21.7%); DM, 21 patients
(45.6%); HTN, 34 patients (73.9%); PVD, 10 patients (21.7%); hyper-
cholesteremia, 18 patients (39.1%); and smoking, 6 patients (13%); 13
patients were ex-smokers (28.2%) [Table 1].

Nine patients were on anticoagulation therapy (19.6%), eighteen
were on single antiplatelet agents (39.1%), three were on dual anti-
platelet agents (6.5%), and only twenty-two patients were on statins
(47.8%).

We adopted the European Society of Vascular Surgery (ESVS)
vascular access guideline definitions for primary, primary assisted, and
secondary patency.
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Table 1
Risk factors.

Risk factors No of patients (%)

IHD 10 (21.7%)
DM 21 (45.6%)
HTN 34 (73.9%)
PVD 10 (21.7%)
Hypercholesteremia 18 (39.1%)
Current smoker 6 (13%)

Ex-smoker 13 (28.2%)

The median of primary patency was 5.5 months, with 37% at 12
months, 18% at 18 months, and 6.7% at 24 months. The median of
primary assisted patency was 12.5 months, with 61% at 12 months, 47%
at 18 months, and 31.25% at 24 months. The median of secondary
patency was 18 months, with 81% at 12 months, 67% at 18 months, and
50% at 24 months [Fig. 1].

No postoperative or graft-related mortality was reported. Other
complications were reported: two patients had graft infections (4.3%),
one patient had postoperative bleeding (2%), four patients presented
with symptoms of grade I steal syndrome (8.7%), and two patients had
symptoms of median nerve neuropraxia (4.3%) [Table 2].

Subgroup analysis of patients over 70 years old (18 patients) showed
that the median of primary patency was 9 months, with 53% at 12
months and 45% at 18 months. The median of secondary patency was 16
months, with 72% at 12 months and 59% at 18 months. Of these pa-
tients, there were eight (44%) that died between 18 months and 24
months.

4. Discussion

AVF is the first option for creating vascular access (VA) for patients
with ESRF. AVG and central venous catheter are considered as the sec-
ond and third options due to the higher incidence of postoperative
complications and higher endovascular and surgical revisions for AVG
failure in comparison to AVFs [17-19].

The durability of AVG grafts is one of the primary gaps in the field of
VAs research [20]. One- and two-year primary patency varies between
40-50% and 20-30%, respectively. The secondary patency varies from
70 to 90% (at one year) and from 50% to 70% at 2 years, which is similar
to our outcome [21-23].

Lazarides et al. published a meta-analysis in 2007 that revealed high
primary autogenous AVF failure rates in elderly patients [24]. Despite
these results, there is a lack of evidence in the guidelines of AVG in such
a group of patients [20]. A subgroup analysis of patients aged >70 years
showed high primary and secondary patency rates, which raises the
question of whether we should offer AVG as a first option for dialysis to
older patients or patients with limited life expectancy.

Our study involved a wide range of demographics, risk factors, and
anticoagulants/antiplatelet regimes in our patients. These are not
included in many other studies as well as a mid - to long-term follow-up
(up to 52 months with an average follow-up of 28 months). We believe
this has not been shown in previous studies [25-28].

The high prevalence of diabetes, hypertension, and hyper-
cholesteremia in our cohort played a major role in reducing the primary,
primary assisted, and secondary patency rates in these patients. A
further sub-analysis is required to confirm this correlation.

Our study reflects a single-centre experience. In the future, this could
be part of a further systematic review or metanalysis investigating AVG
durability and its role in elderly chronic haemodialysis patients or pa-
tients with limited life expectancy.

A limitation to our study could be the lack of longer follow-up data
and the sample size. On the other hand, the study showed no graft-
related mortality, low complication rates and reasonable technical
success rates.
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Fig. 1. Kaplan-Meier curve showing primary, primary assisted and secondary patency median rates for the Gore® Acuseal vascular access graft in 46 patients

between January 2015 and October 2019 in our centre.

Table 2
Complications.
Complications No of patients (%)
Bleeding 1 ((2%)
Infection 2 (4.3%)
Steal Syndrome 4 (8.7%)
Median nerve injury 2 (4.3%)

5. Conclusion

This series showed that the Gore® Acuseal graft can be used as a VAs
option in ESRD patients on chronic haemodialysis with no other autol-
ogous fistula options. It had a reasonable technical success rate that was
comparable to other synthetic access grafts and low complication rates
in mid-to long-term follow-up. The AVG patency rate in the elderly or
patients with limited life expectancy is promising. However, additional
robust data are essential to confirm the benefit of AVG in this cohort.

Statement of ethics

Not applicable, retrograde data collection from hospital registry.
Funding resources

The authors have no funding resources to be declared.
Author’s contribution

Study Conception: TS.

Data Collection: MM, YA, AD, WW, DM, AS.

Analysis: TS.

Investigation: TS, AS, MM.

Writing: TS.

Critical review and revision: all authors.

Final approval of the article: all authors.

Accountability for all aspects of the work: all authors.

Provenance and peer review were not commissioned, the paper was
externally peer-reviewed.

473

Registration of research studies

1. Name of the registry: Research Registry

2. Unique Identifying number or registration ID: researchregistry6235

. Hyperlink to your specific registration (must be publicly accessible
and will be checked): https://www.researchregistry.com/browse-th
e-.registry#home/registrationdetails/5fa7eb1d65bcac00
159ee538/.

Guarantor

Tamer Sayed.
Consultant Vascular Surgeon.
Tamerfouad78@hotmail.com +447442362288.

Consent

Not applicable
Declaration of competing interest

The authors have no conflicts of interest to declare.
Appendix A. Supplementary data

Supplementary data related to this article can be found at https://do
i.org/10.1016/j.amsu.2020.11.042.

References
[1] A. Grassmann, S. Gioberge, S. Moeller, et al., End-stage renal disease. Global

demographics in 2005 and observed trends, Artif. Organs 30 (2006) 895-897,

https://doi.org/10.1111/§.1525-1594.2006.00321.x.

T.S. Huber, J.W. Carter, R.L. Carter, et al., Patency of autogenous and

polytetrafluoroethylene upper extremity arteriovenous hemodialysis accesses: a

systematic review, J. Vasc. Surg. 38 (2003) 1005-1011, https://doi.org/10.1016/

s0741-5214(03)00426-9.

H.C. Rayner, R.L. Pisoni, J. Bommer, et al., Mortality and hospitalization in

hemodialysis patients in five European countries: results from the Dialysis

Outcomes and Practice Patterns Study (DOPPS), Nephrol. Dial. Transplant. 19

(2004) 108-120, https://doi.org/10.1093/ndt/gfg483.

M.A. Enzler, T. Rajmon, M. Lachat, et al., Long-term function of vascular access for

haemodialysis, Clin. Transpl. 10 (1996) 511-515.

M.C. Coburn, W.I. Carney Jr., Comparison of basilic vein and

polytetrafluoroethylene for brachial arteriovenous fistula, J. Vasc. Surg. 20 (1994)

896-902, https://doi.org/10.1016/0741-5214(94)90226-7.

[2]

[3]

[4]

[5]


https://www.researchregistry.com/browse-the-.registry#home/registrationdetails/5fa7eb1d65bcac00159ee538/
https://www.researchregistry.com/browse-the-.registry#home/registrationdetails/5fa7eb1d65bcac00159ee538/
https://www.researchregistry.com/browse-the-.registry#home/registrationdetails/5fa7eb1d65bcac00159ee538/
https://doi.org/10.1016/j.amsu.2020.11.042
https://doi.org/10.1016/j.amsu.2020.11.042
https://doi.org/10.1111/j.1525-1594.2006.00321.x
https://doi.org/10.1016/s0741-5214(03)00426-9
https://doi.org/10.1016/s0741-5214(03)00426-9
https://doi.org/10.1093/ndt/gfg483
http://refhub.elsevier.com/S2049-0801(20)30467-2/sref4
http://refhub.elsevier.com/S2049-0801(20)30467-2/sref4
https://doi.org/10.1016/0741-5214(94)90226-7

T. Sayed et al.

(61

71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

K.D. Gibson, M.T. Caps, T.R. Kohler, et al., Assessment of policy to reduce
placement of prosthetic hemodialysis access, Kidney Int. 59 (2001) 2335-2345,
https://doi.org/10.1046/j.1523-1755.2001.00751.x.

D. Mosquera, Vascular access survival and incidence of revisions: a comparison of
prosthetic grafts, simple autogenous fistulas, and venous transposition fistulas from
the United States Renal Data System Dialysis Morbidity and Mortality Study,

J. Vasc. Surg. 37 (2003) 238-239, https://doi.org/10.1067/mva.2003.7.

L.M. Dember, G.J. Beck, M. Allon, et al., Effect of clopidogrel on early failure of
arteriovenous fistulas for hemodialysis: a randomized controlled trial, J. Am. Med.
Assoc. 299 (2008) 2164-2171, https://doi.org/10.1001/jama.299.18.2164.

T. Won, S.K. Min, J.W. Jang, et al., Early result of arteriovenous graft with deep
forearm veins as an outflow in hemodialysis patients, Ann. Vasc. Surg. 16 (2002)
501-504, https://doi.org/10.1007/s10016-001-0202-9.

P.Y. Fan, S.J. Schwab, Vascular access: concepts for the 1990s, J. Am. Soc. Nephrol.
3(1992) 1-11.

H. Applebaum, V.L. Shashikumar, L.A. Somers, et al., Improved hemodialysis
access in children, J. Pediatr. Surg. 15 (1980) 764-769, https://doi.org/10.1016/
50022-3468(80)80279-x.

1. Davidson, M. Gallieni, R. Saxena, et al., A patient centered decision-making
dialysis access algorithm, J. Vasc. Access 8 (2007) 59-68, https://doi.org/
10.1177/112972980700800201.

P.C. Begovac, R.C. Thomson, J.L. Fisher, et al., Improvement in gore-tex® vascular
graft performance by Carmeda® BioActive Surface heparin immobilization, Eur. J.
Vasc. Endovasc. Surg. 25 (2003) 432-437, https://doi.org/10.1053/
€jvs.2002.1909.

P. Hudson, Early cannulation of vascular access sites for dialysis, Dial. Transplant.
8 (1996) 523-526.

https://www.researchregistry.com/browse-the-. registry#home/registrationdeta
ils/5fa7eb1d65bcac00159ee538/.

R. Agha, A. Abdall-Razak, E. Crossley, N. Dowlut, C. Iosifidis, G. Mathew,
Beamishaj, M. Bashashati, F.H. Millham, D.P. Orgill, A. Noureldin, I.J. Nixon,

A. Alsawadi, P.J. Bradley, S. Giordano, D.M. Laskin, S. Basu, M. Johnston, O.

J. Muensterer, I. Mukherjee, J.C. Ngu, M. Valmasoni, D. Pagano, B. Vasudevan, R.
D. Rosin, J.A. McCaul, J. Albrecht, J.R. Hoffman, M.A. Thorat, S. Massarut,

A. Thoma, B. Kirshtein, R.Y. Afifi, N. Farooq, B. Challacombe, P.S. Pai, B. Perakath,
H. Kadioglu, J.K. Aronson, K. Raveendran, D. Machado-Aranda, R. Klappenbach,
D. Healy, D. Miguel, C.R. Leles, M.H. Ather, For the STROCSS Group, STROCSS
2019 guideline: strengthening the reporting of cohort studies in surgery, Int. J.
Surg. 72 (2019) 156-165, https://doi.org/10.1016/].ijsu.2019.11.002.

M.H. Murad, M.B. Elamin, A.N. Sidawy, et al., Autogenous versus prosthetic
vascular access for hemodialysis: a systematic review and meta-analysis, J. Vasc.
Surg. 48 (2008), https://doi.org/10.1016/j.jvs.2008.08.044.

474

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Annals of Medicine and Surgery 60 (2020) 471-474

J. Almasri, M. Alsawas, M. Mainou, R.A. Mustafa, Z. Wang, K. Woo, et al.,
Outcomes of vascular access for hemodialysis: a systematic review and meta-
analysis, J. Vasc. Surg. 64 (2016) 236-243, https://doi.org/10.1016/].
jvs.2016.01.053.

A.A. Al-Jaishi, A.R. Liu, C.E. Lok, J.C. Zhang, L.M. Moist, Complications of the
arteriovenous fistula: a systematic review, J. Am. Soc. Nephrol. 28 (2017)
1839e50.

J. Schmidli, M.K. Widmer, C. Basile, G. de Donato, M. Gallieni, C.P. Gibbons,

P. Haage, G. Hamilton, U. Hedin, L. Kamper, M.K. Lazarides, B. Lindsey,

G. Mestres, M. Pegoraro, J. Roy, C. Setacci, D. Shemesh, J.H.M. Tordoir, M. van
Loon, , ESVS Guidelines Committee, P. Kolh, G.J. de Borst, N. Chakfe, S. Debus,
R. Hinchliffe, S. Kakkos, I. Koncar, J. Lindholt, R. Naylor, M. Vega de Ceniga,

F. Vermassen, F. Verzini, M. Mohaupt, J. Ricco, R. Roca-Tey, Editor’s
choice-vascular access: 2018 clinical practice guidelines of the European Society
for Vascular Surgery (ESVS), Eur. J. Vasc. Endovasc. Surg. 55 (2018) 757-818,
https://doi.org/10.1016/j.ejvs.2018.02.001.

R. Garcia-Pajares, J.R. Polo, ; Flores, E. Gonzalez-Tabares, J.V. Solis, Upper arm
polytetrafluoroethylene grafts for dialysis access. Analysis of two different graft
sizes: 6 mm and 6-8mm, Vasc. Endovasc. Surg. 37 (2003) 335-343, https://doi.
org/10.1177/153857440303700505.

B.J. Lenz, H.C. Veldenz, J.W. Dennis, S. Khansarinia, L.R. Atteberry, A Three-year
follow-up on standard versus thin wall ePTFE grafts for hemodialysis, J. Vasc. Surg.
28 (1998) 464-470, https://doi.org/10.1016/50741-5214(98)70132-6.

J.H.M. Tordoir, L. Hofstra, K.M.L. Leunissen, P.J.E.H.M. Kitslaar, Early experience
with stretch polytetrafluoroethylene grafts for haemo-dialysis access surgery:
results of a prospective randomised study, Eur. J. Vasc. Endovasc. Surg. 9 (1995)
305-309, https://doi.org/10.1016/51078-5884(05)80135-2.

M.K. Lazarides, G.S. Georgiadis, G.A. Antoniou, D.N. Staramos, A meta-analysis of
dialysis access outcome in elderly patients, J. Vasc. Surg. 45 (2007), https://doi.
0rg/10.1016/j.jv5.2006.10.035.

M. Tozzi, M. Franchin, G. Ietto, et al., Initial experience with the Gore® Acuseal
graft for prosthetic vascular access, J. Vasc. Access 15 (2014) 385-390, https://doi.
org/10.5301/jva.5000276.

E.L. Aitken, A.J. Jackson, D.B. Kingsmore, Early cannulation prosthetic graft
(Acuseal) for arteriovenous access: a useful option to provide a personal vascular
access solution, J. Vasc. Access 15 (2014) 481-485, https://doi.org/10.5301/
jva.5000238.

J.K. Wagner, S. Truong, R. Chaer, et al., Current Experience and Midterm follow up
of immediate-access arteriovenous grafts, Ann. Vasc. Surg. 53 (2018) 123-127,
https://doi.org/10.1016/j.avsg.2018.04.036.

S.B. Palder, R.L. Kirkman, A.D. Whittemore, et al., Vascular access for
hemodialysis: patency rates and results of revision, Ann. Surg. 202 (1985)
235-239, https://doi.org/10.1097/00000658-198508000-00015.


https://doi.org/10.1046/j.1523-1755.2001.00751.x
https://doi.org/10.1067/mva.2003.7
https://doi.org/10.1001/jama.299.18.2164
https://doi.org/10.1007/s10016-001-0202-9
http://refhub.elsevier.com/S2049-0801(20)30467-2/sref10
http://refhub.elsevier.com/S2049-0801(20)30467-2/sref10
https://doi.org/10.1016/s0022-3468(80)80279-x
https://doi.org/10.1016/s0022-3468(80)80279-x
https://doi.org/10.1177/112972980700800201
https://doi.org/10.1177/112972980700800201
https://doi.org/10.1053/ejvs.2002.1909
https://doi.org/10.1053/ejvs.2002.1909
http://refhub.elsevier.com/S2049-0801(20)30467-2/sref14
http://refhub.elsevier.com/S2049-0801(20)30467-2/sref14
https://www.researchregistry.com/browse-the-.%20registry#home/registrationdetails/5fa7eb1d65bcac00159ee538/
https://www.researchregistry.com/browse-the-.%20registry#home/registrationdetails/5fa7eb1d65bcac00159ee538/
https://doi.org/10.1016/j.ijsu.2019.11.002
https://doi.org/10.1016/j.jvs.2008.08.044
https://doi.org/10.1016/j.jvs.2016.01.053
https://doi.org/10.1016/j.jvs.2016.01.053
http://refhub.elsevier.com/S2049-0801(20)30467-2/sref19
http://refhub.elsevier.com/S2049-0801(20)30467-2/sref19
http://refhub.elsevier.com/S2049-0801(20)30467-2/sref19
https://doi.org/10.1016/j.ejvs.2018.02.001
https://doi.org/10.1177/153857440303700505
https://doi.org/10.1177/153857440303700505
https://doi.org/10.1016/S0741-5214(98)70132-6
https://doi.org/10.1016/S1078-5884(05)80135-2
https://doi.org/10.1016/j.jvs.2006.10.035
https://doi.org/10.1016/j.jvs.2006.10.035
https://doi.org/10.5301/jva.5000276
https://doi.org/10.5301/jva.5000276
https://doi.org/10.5301/jva.5000238
https://doi.org/10.5301/jva.5000238
https://doi.org/10.1016/j.avsg.2018.04.036
https://doi.org/10.1097/00000658-198508000-00015

	Outcome of GORE® ACUSEAL graft for brachial-axillary vascular access in chronic haemodialysis patients: Cohort retrospectiv ...
	1 Introduction
	2 Material and methods
	3 Results
	4 Discussion
	5 Conclusion
	Statement of ethics
	Funding resources
	Author’s contribution
	Registration of research studies
	Guarantor
	Consent
	Declaration of competing interest
	Appendix A Supplementary data
	References


