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ABSTRACT

Introduction Patients with end-stage renal disease
may require arteriovenous (AV) access in the form of
arteriovenous fistulae (AVFs) or arteriovenous grafts
(AVGs) for haemodialysis. AV access dysfunction requires
intervention such as plain balloon angioplasty or covered
stents to regain patency.

Aim To systematically review and meta-analyse

the patency outcomes of covered stents in failing
haemodialysis AV access, compared with balloon
angioplasty.

Methods The review was first registered on the
International Prospective Register of Systematic Reviews
(CRD42018069955) before data collection. We searched
six electronic databases to identify relevant randomised
controlled trials (RCTs) up until August 2020, without
language restriction. Two reviewers assessed the
suitability and quality of studies for inclusion using the
Consolidated Standards of Reporting Trials guidelines. We
meta-analysed data using a random-effects model.
Results We included seven studies including 1147
patients in the systematic review, of which 867 had AVGs
and 280 had AVFs. One study was an ongoing RCT. In

the meta-analyses, we assessed patients with failing
AVGs only. Overall risk of bias was moderate. Covered
stents were associated with lower loss of patency versus
angioplasty alone at 6, 12 and 24 months (OR 4.48,
95%Cl 1.98 t0 10.14, p<0.001; OR 4.07,95%Cl 1.74 to
9.54, p=0.001; OR 2.24, 95%Cl 1.17 t0 4.29, p=0.01,
respectively). Covered stents afforded superior access
circuit primary patency compared with angioplasty

alone at 6 and 12 months (OR 1.91,95%Cl 1.31 to

2.80, p<0.001; OR 1.97, 95% Cl 1.14 to 3.41, p=0.02,
respectively). This was not significant at 24 months. There
was no significant difference in loss of secondary patency
between groups at 12 or 24 months (OR 0.74, 95%Cl 0.45
t0 1.23, p=0.25; OR 0.67, 95% Cl 0.29 to 0.154, p=0.34,
respectively).

Conclusion Our results support use of covered stents
over angioplasty alone, at 6, 12 and 24 months in failing
AVGs. Further clinical trials are warranted.
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Strengths and limitations of this study

» This study provides the most up-to-date systemat-
ic review of prospective studies of the outcomes of
covered stents versus angioplasty in failing arterio-
venous (AV) access.

» A random-effects model was employed to account
for heterogeneity among different studies.

» This meta-analysis included primary patency at
24 months and access circuit primary patency
outcomes.

» Due to lack of data on covered stents in failing AV
fistulae, our pooled analysis only focused on failing
AV grafts.

» Due to lack of data on cephalic arch stenoses, meta-
analysis of patients with these particular stenoses
were not performed.

incidence' and may be treated with kidney
transplant. Transplant, however, is not always
possible due to the limited supply of donor
kidneys and contraindications to surgery in
potential recipients. As a consequence, over
two million patients worldwide with ESRD are
currently undergoing haemodialysis, a form
of renal replacement therapy.”
Haemodialysis requires an access site either
by creating autogenous arteriovenous fistulae
(AVFs) or via arteriovenous grafts (AVGs)?;
however, stenoses of these circuits inevitably
occur over time. Excluding the cephalic arch,
these are initially managed by plain balloon
angioplasty, which provides a mechanical
force to reopen the lumen of the circuit.
However, when these stenoses become recur-
rent, angioplasty may be inadequate for
maintaining patency. In situ covered stents
(also known as stent grafts) are increasingly
employed to provide a sustained mechanical

Correspondence to INTRODUCTION . . . force to maiptaip patency .of arteriqvenous
Dr Benjamin Ng; End-stage renal disease (ESRD) is a chronic  (AV) access circuits when primary angioplasty
benjamin.ng1@nhs.net debilitating condition that is rising in  has failed. Nevertheless, introduction of any

Ng B, et al. BMJ Open 2021;11:€044356. doi:10.1136/bmjopen-2020-044356 1

BM)


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-4296-2948
http://orcid.org/0000-0002-1009-1992
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-044356&domain=pdf&date_stamp=2021-06-09
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

foreign devices into blood vessels introduces risk of infec-
tions and other specific complications, including throm-
bosis, stent migration and stent fracture.

Haemodialysis is very common worldwide, and the
intervention of choice in maintaining patency of circuits
could have stark implications on quality of life and risk to
patients, in addition to significant health service costs.*
There are currently two published systematic reviews
comparing the outcomes of angioplasty versus stents for
recurrent stenosis in AV circuits.® ° However, the studies
included bare-metal stents and were incomplete as a
recent randomised controlled trial (RCT) comparing the
two interventions was not included. Moreover, none of
these studies included results pertaining to AVFs.

Therefore, the objective of this systematic review was
to assess the effectiveness of covered stents versus plain
balloon angioplasty in both AVGs and AVFs.

METHODS

Literature search

In accordance with guidelines, our systematic review
protocol was registered with the International Prospec-
tive Register of Systematic Reviews on January 2018
(CRD42018069955). We searched six databases for rele-
vant studies (CENTRAL, DARE, MEDLINE, Embase, SCI-
EXPANDED and CPCI-S) without language restriction
from inception until May 2018. Existing trials were also
searched, and intermediate results were also considered.
Search terms are specified in online supplemental file 1.
The searches were updated in August 2020.

Selection criteria

We included only RCT5s in adults (218 years) comparing
covered stents versus balloon angioplasty and patients
undergoing haemodialysis with recurrent stenosis of AV
access. We excluded trials where patients had definitive
treatment for renal failure; or other interventions such
as drug-eluting stents or bare-metal stents. Two reviewers
(BN and MF) independently screened potential studies
for inclusion. Any disagreements were resolved by two
senior authors (IJO and CH).

Risk of bias assessment

Two reviewers (BN and MG) independently assessed the
risk of bias of included published studies. Each item was
judged as being at high, low or unclear risk of bias as set
out in the criteria adapted from the Consolidated Stan-
dards of Reporting Trials guidelines.7 8 Disagreements
were resolved via consensus.

Data extraction

Two reviewers (BN and MF) independently extracted the
following data from each included study: (1) number of
participants, (2) age, (3) gender, (4) percentage stenosis
of access site, (5) length of stenosis, (6) comorbidities,
(7) type of access circuit (AVG or AVF), (8) age of access
circuit, (9) technical success, (10) primary patency, (11)

secondary patency, (12) number of interventions before
failure and (13) stent types. Disagreements were resolved
via consensus.

Data analysis

To calculate pooled mean for study characteristics, mean
values provided in each study were multiplied by their
sample sizes. These were summed and subsequently
divided by the total sample size. Pooled SD was deter-
mined by Cohen’s SD formula.” We used Review Manager
V.5.4" for the meta-analyses and used a Mantel-Haenszel
random-effects model (BN and MF) as patient character-
istics were quite heterogenous (table 1)."” We used ORs
with 95% ClIs to compare event rates. We assessed hetero-
geneity using the I” statistic; values of 25%, 50% and 75%
represented mild, moderate and substantial heteroge-
neity, respectively.

Patient and public involvement statement
Patients or the public was not involved.

RESULTS

Our search strategy produced 1672 articles, of which 14
records were considered eligible (figure 1 and online
supplemental file 1). Seven further studies were excluded
as they analysed bare-metal stents rather than covered
ones. One other study, which was initially excluded, was
added later due to its significance. In total, in all eight
relevant studies (all RCTs), we included 867 patients for
meta-analysis, who all had AVGs.""™" The patient popula-
tions of the two results were overlapping.'®'” All studies
were RCTs (four multicentre and two single-centre trials).
Excluded studies from the meta-analyses were one small
trial on cephalic arch stenosis and an ongoing trial (total
of 294 patients), both of which had a patient popula-
tion with AVFs."” '® The key details of these papers are
summarised in table 1.

Of these 867 patients, 432 (49.8%) were treated by
balloon angioplasty alone, and 435 (50.2%) were treated
by covered stents (table 1). The mean ages were 61.7+14.0
(39.4% men) for the angioplasty group and 63.2+13.2
(36.8% men) for the covered stent group. All studies but
one reported hypertension and diabetes as comorbidi-
ties; two studies had overlapping patient populations. In
the angioplasty group, 57.0% (171/300) had diabetes
and 86.7% (260/300) had hypertension. For covered
stenting, 56.9% (169/297) of the patient population had
diabetes and 91.9% (273/297) had hypertension.

The average duration of access circuit (four studies)
for angioplasty was 2.20+2.34 years and that for covered
stenting was 2.40+2.73 years (p<0.001). One small study
was excluded as it only reported this parameter in median
and IQR ranges.

The pooled mean percentage stenosis was 71.6%+12.3%
in the angioplasty group compared with 70.4%+x11.7% in
the covered stent group (five studies, p=0.04). The length
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Figure 1 Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses study flow diagram.

of stenosis was 2.7+2.1 cm for angioplasty compared with
2.9+2.0 cm for covered stent (four studies, p<0.001).

The angioplasty group had a mean of 1.7 (+2.4)
previous interventions before failure compared with the
covered stent group (1.8+2.2) (two studies, p<0.001).

The mean technical or anatomical success (defined as
residual stenosis <30% after intervention) in the angio-
plasty group was 84.7% and that in the covered stent
group (six studies) was 95.6%. The covered stent brands
used (when stated) were 40.7% (n=235) Flair stents,
31.2% (n=180) Viabahn, 24.6% (n=142) Covera and
3.5% (n=20) Fluency.

Other important parameters are summarised in online
supplemental tables 1-4.

Risk of bias assessment

Figure 2 shows the risk of bias assessment of the seven
studies. There was no mention of allocation concealment
in two out of the seven prospective studies.'” '’ Blinding

of participants and personnel was not possible, and we
therefore allocated this as high risk of bias. We did not
identify any detection or attrition bias in any prospective
studies. Only one prospective study was judged to have
reporting bias, where a 2-month primary patency was
reported instead of the standard 1month,"" but we note
this was the first preliminary study of its kind. In all but
one prospective study, there were conflicts of interest
in terms of study funding by device manufacturers. The
overall risk of bias across the studies was judged to be
moderate.

Loss of primary patency in failing AVGs

The target lesion or target area primary patency is
the Kaplan-Meier estimated time interval of patency
of the target lesion or area from initial intervention
to next access intervention or access thrombosis. In
other words, primary patency ended when only the
target lesion or area recurred.

At 6 months, loss of primary patency was significantly
lower in patients who had covered stents compared
with angioplasty alone (OR 4.48, 95% CI 1.98 to
10.14, p<0.001, 1’=74%; figure 3A). At 12 months, this
outcome was also significantly lower in the covered
stent group (OR 4.07, 95% CI 1.74 to 9.54, p=0.001,
1°=73%; figure 3B). The results similarly favoured
covered stents at 24 months (OR 2.24, 95% CI 1.17 to
4.29, p=0.01, °=34%; figure 3C).

Loss of access circuit primary patency (ACPP) in failing AVGs
The ACPP is the time estimate from initial study inter-
vention to next access intervention or access throm-
bosis, derived from the Kaplan-Meier curve. In other
words, ACPP ended when any stenoses were detected
(not just the target lesion or area).

Only two studies (n=539) included outcomes
on ACPP at 6, 12 and 24 months. Meta-analysis
(figure 4) showed that covered stents were signifi-
cantly better in terms of loss of ACPP than percuta-
neous angioplasty at 6 months (OR 1.91, 95% CI 1.31
to 2.80, p<0.001, I°=0%) and 12 months (OR 1.97,
95% CI 1.14 to 3.41, p=0.02, I°’=29%). This was non-
significant at 24 months (OR 1.70, 95% CI 0.89 to
3.26, p=0.11, 1°=0).

Loss of secondary patency in failing AVGs

The access circuit secondary patency refers to the
time interval estimate from the Kaplan-Meier curve
from initial study intervention to abandonment of
the access circuit. Only two studies (n=300) included
secondary patency at 12 and 24 months as a measure
of outcome. Meta-analysis (figure 5) showed non-
significant results in terms of loss of secondary patency
at 12 months (OR 0.74, 95% CI 0.45 to 1.23, p=0.25,
1’=0%) and at 24 months (OR 0.67, 95% CI 0.29 to
0.154, p=0.34, I’=17%).
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Other bias

Random sequence generation (selection bias)
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Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Random sequence generation (selection bias) _
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Blinding of participants and personnel (performance bias) _
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Figure 2 Risk of bias assessment. (A) Risk of bias summary: review authors' judgements about each risk of bias item for
each included study. (B) Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.

DISCUSSION

Summary of main findings

Our meta-analysis showed covered stent placement in
AVGs was significantly superior to angioplasty in terms of
loss of primary patency at 6, 12 and 24 months. Further-
more, we found that covered stents also had significantly
lower loss of ACPP than angioplasty at 6 and 12 months,
but this was non-significant at 24 months. There were
non-significant differences in loss of secondary patency.
The meta-analysis findings should be interpreted with
caution because of significant heterogeneity observed
in some of the results. The substantial heterogeneity
observed in some of the meta-analysis is likely due to vari-
ation in sample sizes and methodology (largely selection
biases) across the included studies.

Comparison with the existing literature

Previously, two similar meta-analyses have been performed
comparing covered stent deployment and percutaneous
transluminal angioplasty.” ® We build on the works of
these two studies by extending our search and including
two new completed RCTs (one new and one updated)

in our analyses. Moreover, our inclusion of only covered
stents rather than bare-metal stents better reflects clinical
practice as the efficacy of bare-metal stents for this indi-
cation has been shown to be inferior due to development
of in-stent stenoses.'” *” The discrepancies in the pooled
analysis between our results and the two other publica-
tions may be due to the different studies included in each
meta-analysis. Furthermore, one group used an inverse
variance fixed-effects model to calculate HRs.® Neverthe-
less, both studies and our results clearly favoured covered
stents over angioplasty in terms of primary patency.

Strengths and limitations

We searched extensively to identify relevant studies and
accounted for the reporting quality of included studies.
Our systematic review summarised the results of covered
stents with balloon angioplasty in both failing AVGs as
well as AVFs.

However, we recognise several limitations. First, we
may not have identified all the relevant studies, espe-
cially unpublished studies. Second, the heterogeneity
of technical definitions (online supplemental table 1)
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Balloon angioplasty Covered stent grafts 0Odds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl _ Year M-H, Random, 95% ClI
Haskal 2010 71 93 48 97 31.5% 3.29[1.77,6.14] 2010 —
Vesely 2016 91 138 62 131 33.9% 2.15[1.32, 3.52] 2016 -
Kavan 2016 12 13 9 17 9.8% 10.67 [1.12, 101.34] 2016
Yang 2018 35 49 8 49  24.8% 12.81[4.81, 34.10] 2018 —_—
Total (95% CI) 293 294 100.0% 4.48 [1.98, 10.14] B
Total events. 209 127
Heterogeneity: Tau® = 0.45; Chi® = 11.32, df = 3 (P = 0.01); I’ = 74%
. 0.005 0.1 10 200
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and follow-up protocols used by different studies may
have impeded extraction (online supplemental table
4). Furthermore, more rigorous follow-up, such as
mandatory angiograms, may artificially decrease primary
patency rates.”’ We did not analyse the effects of primary
patency at 3months due to lack of data and we were
unable to perform subgroup analyses because of paucity
of data. The overall moderate risk of bias largely stem-
ming from the conflict of interests creates some doubts
about the reliability of the results. The applicability of our

meta-analysis may be limited because almost every study
included focused on AVGs, whereas in clinical reality,
many patients have AVFs for access.

Implications for research and practice

We are not able to make a fair comparison between
different types of covered stents because of heterogeneity
of trial demographics, conditions, study definitions of
patency and endpoints. This is illustrated by the FLAIR
trial having mandatory angiograms of 2 and 6 months for
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Figure 4 Forest plot of comparison of the effect of percutaneous balloon angioplasty versus covered stent grafts on loss of
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Figure 5 Forest plot of comparison of the effect of percutaneous balloon angioplasty versus covered stent on loss of
secondary patency at (A) 12 and (B) 24 months using a random-effects model. M-H, Mantel-Haenszel.

patency invasive evaluation and patency loss definitions,
making it more rigorous than the other trials. Admit-
tedly, while difficult to do so, further trials with better
quality should be conducted to allow for more robust
assessments.

Cephalic arch stenosis is a common lesion which is noto-
riously difficult to treat with angioplasty alone compared
with other types of stenoses found in AVFs.”* * Mechan-
ical factors such as high flow rates in brachiocephalic
fistulae and anatomical factors, for example, rigidity of
surrounding structures, predispose intimal hyperplasia
and subsequently stenosis and thrombosis.”* ** In this
systematic review, the stenoses for almost all included
studies fall outside the cephalic arch as they are all focused
on AVGs (table 1 and online supplemental table 2). Only
the ongoing AveNew trial and one small, randomised
trial focused on AVFs and cephalic arch stenoses.'* ' Due
to the limited endovascular studies examining covered
stents on this specific lesion, we were unable to perform
any meaningful meta-analysis on it. Further research is
required on their clinical significance which would come
in the form of the promising ongoing AveNew trial."®

Other than the superior clinical benefits conferred
by covered stents compared with angioplasty alone
in dysfunctional AV access, there might be additional
economic benefits to the usage of covered stents. Two
recent health economic analyses suggested that in a
private healthcare setting such as the USA, both the
payer and service provider might benefit from covered
stent deployment in the long run.”” ** From payer and
patient perspectives, this is due to fewer reinterventions
compared with percutaneous transluminal angioplasty
alone, while from a service provider point of view, there
were cost savings from the lower rates of reinterventions.
While there are no current health economic analyses on
the cost-benefits of covered stents in a public healthcare
model, for example, the National Health Service in the
UK, the cost savings could arguably still be extrapolated
and applicable.

Finally, we are aware of the potential of drug-eluting or
drug-coated devices (stents or balloons) in dysfunctional
AV access. There are conflicting results in the current
literature regarding patency benefit of drug-coated
balloon versus normal ar1gi0plasty,27—29 and further
research is needed to compare these devices with current
interventions.

CONCLUSION

Loss of primary patency at 6, 12 and 24 months favoured
the use of covered stents compared with percutaneous
transluminal angioplasty alone, in failing AVGs. Insuffi-
cient studies were available for failing AVFs to make the
same comparison. Further clinical trials are warranted.
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Web of Knowledge (WoK)

Set Results Save search history and/or create an alertOpen a saved search history
#3 753 #2 AND #1
#H2 79,107 TI=(stent*) OR TS=(((ptfe or polytetrafluoroethylene or polytef or politef or teflon) and stent*)) OR TS=(((covered or

synthetic* or expanding or self-expanding) near stent*)) OR TS=(((flare or flair or viabahn or aspire or fluency or
advanta) and (stent* or endoprosthe* or prosthe* or graft*))) AND TI=(flare or flair or viabahn or aspire or fluency or

advanta)
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of Thrombosed Arteriovenous Graft
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Safety and Efficacy of the SurVeil,N¢ Drug-Coated
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Vaccination Against Influenza to Prevent
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OPEN PLUS Stent Graft System in France
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for EVAR in Subjects With AAA
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Post Approval Study of the BARD-A COVERA,N¢
Arteriovenous (AV) Stent Graft

A Study in Patients With Complicated Type B Aortic
Dissection Treated With the E-nya Thoracic Stent
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Treated With the E-nya Thoracic Stent Graft System

Use of Implanting the Biotronik Passeo-18 Lux Drug
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Source Initial Data collected at three Data collected at six months Data collected at 12 months Data collected at 24 months
data months
Technical | Primary Seconda | Access | Primary | Secondary | Access | Primary | Secondary | Access | Primary | Secondary | Access
success patency ry circuit patency | patency circuit patency | patency circuit patency | patency circuit
patency primary primary primary primary
patency patency patency patency
Haskal Yes Yes No No Yes No Yes No No No No No No
et al.
2010
(anatomi
cal (patency of treatment area) (patency of treatment area)
success)
Haskal Yes No No No No Yes No Yes Yes Yes Yes Yes Yes
et al.
2016
(treat- (treat-
(anatomical success) (post-procedural ment (post-procedural ment (post-procedural
secondary patency) area secondary patency) area secondary patency)
primary primary
patency) patency)
Vesely Yes No No No Yes No Yes Yes No Yes Yes No Yes
et al.
2016
(anatomical success) (target lesion primary patency) (target lesion primary patency) (target lesion primary patency)
Kavan No No No No Yes No Yes No No No No No No
et al.
2016
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Yang et Yes Yes No Yes Yes No Yes Yes No Yes No No No
al. 2018
(post-intervention primary patency) (post-intervention primary patency) (post-intervention primary patency)

Kavan Yes No No No No No No Yes Yes Yes Yes Yes Yes
etal.

2019

(primary patency rates) (primary patency rates)
Ave- Yes No No No Yes No Yes Yes No Yes On- No On-
NEW going going
(on-
going)

Supplementary Table 1. Summary of outcome data specifically stated at three, six, 12, and 24 months, otherwise estimated by Kaplan-Meier
curves. Interchangeable definitions were cited in brackets if different from terminology in the heading.
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Source | Treatment Acces§ q
characteristics
Arm with Location AV graft oA Arterial anastomosis Venous anastomosis . Target . Age of access Numl.)er of
A graft lesion/location prior
graft/fistulae | of access | configuration . (years) . .
type of stenosis interventions
Forearm: Tapered:
Haskal et . 2 . 30
Left 24 Loop 10 Axillary Axillary
al. 2010 (26.1%) (12.9%) (2.2%) (32.3%)
Straight:
Upper . 87 - 51 _
71 (76.3%) arm: 67 37 (39.7%) (796;(7) Brachial (93.5%) Basilic (54.8%) NR n=93 NR
(72.8%) =
Angioplasty
. . Stepped: . 4 . 3
Right Across Straight 5 (6.5%) Radial (43%) Brachial (3.2%) 22+19
elbow
(jump): 1
Other: 1 . 9
1.1
22 (23.7%) (1.1%) 56 (50.3%) (1.3%) Ulnar 0 Cephalic 9.7%)
Other 0 Other 0
Forearm: Tapered: 2 2
Left 20 Loop 14 Axillary Axillary
(20.6%) (17.5%) (2.1%) (22.7%)
Upper 9 56
74 (76.3%) arm: 73 42 (43.3%) Straight: Brachial Basilic NR n=97 NR
(94.8%) (57.7%)
(75.3%) 53
(66.3%)
Covered Across
stents elbow . 1 . 14
(jump): 2 Stepped: Radial (1.0%) Brachial (14.4%) 2.7+2.1
Right (2.1%) Straight 8 (10%)
Other: 5 Ulnar 0 Cephalic 3 fq)
23 (23.7%) 55 (56.7%) (6.2%) 7
2 2
Other 2.1%) Other 2.1%)
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Rajan et All cephalic
al. 2015 arch stenoses
n=3 patients
Left with previous
3 (60.0%) . 5 . 5 BMS were
Brachial 1150,y | Cephalic | 50q,) . treated w
. Junction angioplasty
Angioplasty NR N/A N/A 1(20.0%) alone
Through arch NR
Right 4 (80.0%) 0.6 + 0.55
2 (40.0%)
All cephalic
Left arch stenoses
. 9 . 9 .
Covered 2 (22.2%) Brachial (100%) Cephalic (100%) Junction NR 0
stents Right NR N/A N/A 1(11.1%)
7 (77.8%) Through arch
8 (88.9%)
Forearm:
Haskal et 14 . 5 . 57
al. 2016 Left (10.6%) Loop Axillary 13 ggpy | Axillary 4350
Across 124 57
97 (73.5%) | antecubital 34 (25.8%) Brachial Basilic n=132 n=132
fossa (93.9%) (43.2%) NR
Angioplasty Right 0 Straight NR Radial 2 Brachial 14 1.7+22 1.6 +2.5
& & (1.5%) (10.6%) xR R
Upper 1 4
35 (26.5%) zzgrg‘&./lj 98 (74.2%) Ulnar (0.8%) Cephalic (3.0%)
Other 0 Other 0
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Forearm: . 4 . 62
Left 13 (9.4%) Loop Axillary (2.9%) Axillary (44.9%)
Across 129 1
99 (71.7%) anthubltal 38 (27.7%) Brachial (93.5%) Basilic (30.4%) NR n=138 n=138
0ssa
Covered . . . 4 . 24
stents Right 1(0.7%) Straight NR Radial (2.9%) Brachial (17.4%) 1.8+2.1 1.8+2.1
Upper 7
39 (28.3%) arm: 124 99 (72.3%) Ulnar 0 Cephalic (5.1%)
(89.9%) o
1 3
Other 0.7%) Other 2.2%)
Vesely et
al 2016 Left Forearm Loop
49 Venous
104 (70.3%) 82 (55.4%) anastomosis of | n=137 (EPP) n=138
(33.1%) .
prosthetic graft
Angioplasty Right Upperarm Straight NR NR NR 23+2.7 1.8+2.3
99
44 (29.7%) (66.9%) 32 (21.6%)
Data not
available: 34
(23.0%)
Left Forearm Loop
46 Venous
105 (72.4%) 83 (57.2%) anastomosis of | n=130 (EPP) n=131
(31.7%) .
prosthetic graft
Right Upper arm Straight NR NR NR 20+2.0 19+23
Covered 99
stents 40 (27.6%) (68.3%) 27 (18.6%)
Data not
available: 35
(24.2%)
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Angioplasty See Kavan et al. 2019 Overlapping
study in 2019
Kavan et
al. 2016
Covered See Kavan et al. 2019
stents
Yang et . 32
al 2018 Upper arm L(6)(I)£ HE?H Axillary (65.3%)
NR 36 49 (50.0%) NR NR Basilic 8
(73.5%) = (16.3%)
. 4
Angioplasty Forearm Brachial (8.2%) NR n=49 NR
13 . 3
(26.5%) Cephalic (6.1%) 33+2.6
. 1
Antecubital (2.0%)
. 1
Subclavian (2.0%)
Loop . 30
Upper arm (all 6 mm) Axillary (61.2%)
33 e 8
NR (67.3%) 49 (50.0%) NR NR Basilic (16.3%)
. 3
Forearm Brachial NR n=49 NR
Covered (6.1%)
stents 16 . 6
(32.7%) Cephalic | |5 7, 46+85
Antecubital 0
. 2
Subclavian 4.1%)
Angioplasty Loop Brachial 16 Superficial 13 Venous arm

Ng B, et al. BMJ Open 2021; 11:€044356. doi: 10.1136/bmjopen-2020-044356
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Kavan et NR NR 12 (60.0%) NR (80.0%) (65.0%) | 11 (55.0%) 3.1 NR
al. 2019 . .
Straight Radial 4 Deep 7 Anastomosis (IQR 3.8)
(20.0%) (35.0%)
8 (40.0%) 9 (45.0%)
Loop Brachial 16 Superficial 16 Venous arm
15 (75.0%) (80.0%) (80.0%) | 4(20.0%) 4
Covered NR NR ) NR ) NR
stents Straight Radial 4 Deep A Anastomosis (IQR 3.0)
5(25.0%) (20.0%) 20.0%) | 16 (80.0%)
Cephalic arch
70 (50.7%)
Cephalic 95
Cephalic vein
NR NR N/A N/A NR NR (68.8%) outflow 24 NR NR
Angioplasty (17.4%)
Basilic 42
Basilic vein
swing point
(30.4%) and otuflow 33
AveNEW (23.9%)
(ongoing) Cephalic arch
78 (54.9%)
Cephalic 105
Cephalic vein
NR NR N/A N/A NR NR (73.9%) outflow 25 NR NR
Covered
(17.6%)
stents
Basilic 35
Basilic vein
swing point
(24.6%) and otuflow 29
(20.4%)

Supplementary table 2. Summary of arteriovenous access characteristics in included studies.
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Abbreviations: AV: arteriovenous; NR: not recorded; EPP = effectiveness per protocol.
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Treat-
Source ment COMPLICATIONS
Haem Perman
Emb Hae Perf- Steal Stenosis
CVA CCF Kinking | Migration o- ma- B In.fec- Pain orati ent Pseudo- O- synd- requiring re- Thr?mbus Vessel Death Other Author
lism toma orrha tion on deg)rm aneurysm dema rome intervention is rupture comments
ge ation
3 2 N/A N/A 0 0 2 2 NR NR N/A 2 2 1 69 19 1 5 0
Angio
& 3% 2% 2% 2% 2% 2% 1% 77% 21% 1% 6%
Haskal
etal.
2010 2 4 0 4 0 2 6 6 | NrR | MR 1 5 3 2 38 31 3 5 0
Stents
2% 4% 4% 2% 6% 6% 1% 5% 3% 2% 40% 33% 3% 5%
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Angio No
complications
or adverse
events were
observed for
. angioplasty or
Rajan stent-graft
1 Stents 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
et al. placement
2015
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N/A
6 6 0 1 0 1 10 42 6 0 0 16 3 3 109 48 2 NR 83
There was no
450% | 0| na | oser 0.80 1 760 f 31.80 | 450 A | o1210% | 230 | 230% | s260% | 36.40% | 1.50% 6290 | significant
% % % % % % % difference
R between the
e]:tu e percentage of
Haskal anastomo patients with
. at least 1
etal. tie adverse
2016 Angi St;nostis events: 94.2%
ngio (a Zr e (130 of 138)
1ndex for the SG
procedur d
e) group an
treated 97.0% (128
frel": et of 132) for
ere the PTA
was stent
migration grou;()) 378
of (p=0.378).
nontreat
ment
device.
No deaths
were related
2 9 0 1 1 5 10 40 14 1 0 9 3 6 87 60 2 NR 82 to device.
Stents 1.40% 6.50 0.70% 0.7% 3.60 7.2% 29% 10.1 0.7% 6.5% 2.20 4.30% 63% 43.50% 1.4% 5940
% % % % %
NR
(26) 1
2
Vesely minor, Infiltra | There were
etal Angio 2 1 22 -tion | no differences
i g major leading | in the
2016 2 to graft | proportion of
deaths abando | patients who
nment | experienced
any device,
procedure,

Ng B, et al. BMJ Open 2021; 11:€044356. doi: 10.1136/bmjopen-2020-044356
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and treatment
site-related
adverse event,
either major
or minor,
between the
two treatment

groups (P %4
.98).
There were
no major
NR procedure-
27) related or
Stents 4 stent graft-
minor, 23 related
23 adverse
deaths events in
patients

treated with a
Viabahn stent
graft during
the 24-month
study period.

No deaths
were related
to device

Angio NR
Kavan Not stated
etal. and study was

2016 | Stents NR in Czech

Neither the
study group
nor the
b control group
at. . had any major
2018 Anglo NR inlraop)::ratijve
complications
requiring
surgical or
medical

Yang et
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treatment,
and no
procedure-
related
adverse
Stents NR events were
observed
during the
outpatient
clinic follow-
up (6 months)
Kavan | Angio NR
et al. Not stated
2019 | Stents NR
Ave- | Angio Ongoing
NEW Trial is
. ongoin;
(on- Stents Ongoing going
going)

Supplementary table 3. Summary of complications in included studies. Blank cells and NR indicate no records. Abbreviations: CVA:

cerebrovascular accident; CCF: congestive cardiac failure.
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Source Treatment Time Method used to measure patency at Comments
follow-up
Baseline Angiography
Haskal ef al. 2010 m Aneioeranh
(FLAIR pivotal trial) Aneiopl glography Mandatory clinical review and angiography w
ngioplasty . core lab quantitative review at 2 and 6 m
6m Angiography
Baseline Angiography
Covered stents Angiography
2m
6m Angiography
Clinical evaluation for evidence of access
Baseline Angiography dysfunction according to Kidney Disease
3m Ultrasound and/or angiography Outcomes
Rai Angioplasty 6m Ultrasound and/or angiography Quality Initiative criteria or angiographic
ajan et al. 2015 . N
ly Ultrasound and/or angiography follow-up as per institutional protocol at 3-
month intervals
Ultrasound initially unless meet certain
criteria then proceed with angiography
Baseline Angiography
3m Ultrasound and/or angiography
Covered stents 6m Ultrasound and/or angiography
ly Ultrasound and/or angiography

Ng B, et al. BMJ Open 2021; 11:€044356. doi: 10.1136/bmjopen-2020-044356
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Baseline .
Angiography
Im (30 d Patency numbers in both groups were higher
Haskal ef al. 2016 Angioplasty m (6m ays) * than in the Flair pivotal trial because there was
* no mandatory angiographic follow-up*, and
(RENOVA trial) ;y * therefore, there was no loss of patency due to
y * angiographic findings alone.
Baseline Angiography
Covered stents Im (30 days) *
6m «
ly %
2y «
Baseline Angiography
1m (30 days) woE
Vesely et al. 2016 3m #k
(REVISE trial) Angioplasty 6m sk
ly K3k
18m ok Management of each patient’s haemodialysis
2y ok graft was determined by the patient’s
. . nephrologist and local protocols at the
Baseline Angiography h dialvsi o
1m (30 days) sk aemodialysis treatment centre®*.
3m kek .
Covered stents 6m e Follow up in 1, 3, 6, 12, 18, and 24 months
] y koK
18m o
2y ook
Unclear as study was in Czech with limited
Baseline Angiography English translation
Kavan et al. 2016 Im (30 days) Angiography
Angioplasty 3m Angiography Inferred that angiograms were done at
6m Angiography 3/6/12m from subsequent English paper
ly Angiography published

Ng B, et al. BMJ Open 2021; 11:€044356. doi: 10.1136/bmjopen-2020-044356



BMJ Publishing Group Limited (BMJ) disclaims all liability and ibility arising f eli
Supplemental material B T Gt e i winan het Baer Saiie by the uiiorfg 2y reliance BMJ Open

Data at 12m overlapped with later study
Baseline Angiography (Kavan 2019)
1m (30 days) Angiography
Covered stents 3m Angiography
6m Angiography
ly Angiography
Baseline Angiography
1m (30 days) Angiography
Yang et al. 2018 Anionlast 3m Angiography
gloplasty 6m Angiography
ly Angiography
2y ook Clinical follow-up day 7 then monthly
Minimum follow-up was 1.5 years
Angiogram at 3m and 6m***.
1nl}3;13sgl(111;e 5 Angiography Kaplan-Meier curﬁes wdere constructed from
Y Angiography these data
3m .
Covered stents 6m Angiography
ly Angiography
Angiography
2y skskosk
Baseline Angiography
1m (30 days) Angiography
Kavan et al. 2019 . 3m Angiography Clinical follow-up interval not stated
Angioplasty 6m Angiography Mean duration 22.4 months
ly Angiography Angiography may be earlier if suspected
2y i stenosis
After 1y, angiography if clinical indication*.
Baseline Angiography
1m (30 days) Ang?ography Kaplan-Meier curves were constructed from
Covered stents 3m Angiography these data.
6m Angiography
ly Angiography
2y ¥
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Baseline Angiography
1m (30 days) ii
3m (90 d
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Supplementary table 4. Summary of method used to measure patency at various time points in included studies.
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