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Abstract

Background: Patients who commence haemodialysis (HD) through arteriovenous fistulae and grafts (AVF/G) have
improved survival compared to those who do so by venous lines.

Objectives: This systematic review aims to assimilate the evidence for any strategy which increases the proportion of
HD patients starting dialysis through AVF/G.

Data sources: Medline, Embase, Cochrane Central and Scopus.

Study eligibility, participants and interventions: English language studies comparing any educational, clinical or
service organisation intervention for adult patients with end stage renal failure and reporting incident AVF/G use.
Study appraisal and synthesis: Two reviewers assessed studies for eligibility independently. Outcome data was
extracted and reported as relative risk. Reporting was performed with reference to the PRISMA statement.

Results: Of 1272 studies, 6 were eligible for inclusion. Studies varied in design and intervention. Formal meta-analysis
was not appropriate. One randomised controlled trial and two cohort studies assessed the role of a renal access
coordinator. Two cohort studies assessed the implementation of qualitive initiative programmes and one cohort study
assessed a national, structured education programme. Results between studies were contradictory with some reporting
improvements in incident AVF/G use and some no significant difference. Quality was generally low.

Conclusions: It is not possible to reach firm conclusions nor make strategic recommendations. A comprehensive
package of care which educates and identifies patients approaching dialysis in a timely manner may improve incident
AVF/G use. An unbiased, robust comparison of different strategies for timing AVF/G referral is required.
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6-month incident HD mortality is 9% in AVF users and
32% in those using CVC, though it is argued that this may
be partly due to differences in patient factors.’

Despite its benefits, arteriovenous fistulaec and grafts
(AVF/G) are associated with haemorrhage,® congestive
heart failure,” steal phenomena® and ischaemic neuropa-
thy.” Many fistulae require reintervention or fail to mature
into functionally useful access altogether and the evidence
for non-maturation risk factors is contradictory.!*"!* Recent
evidence suggests that the survival advantage of AV fistu-
lae and grafts is lost in very frail or elderly patients'* and
that there is substantial morbidity associated with using
fistulae in these cohorts.!> There has therefore been a cul-
tural shift in recent years towards an individualised
approach to vascular access, rather than AVF for all.

In the USA, AVF formation is recommended in selected
patients when estimated glomerular filtration rate (eGFR)
reaches 15-20mL/min/1.73m2.'® Similar recommenda-
tions are made in Japanese Society guidelines,'” despite no
high level evidence found on systematic review to support
the use of laboratory markers as criteria for vascular access
referral.'® By contrast, guidelines from the UK and conti-
nental Burope? recommend that access should be formed
3—6months before HD is expected to commence, that is
based on a referring nephrologist’s clinical judgement,
(including pre-empted difficulties in access formation),
rather than laboratory thresholds alone. However, the high
number of patients starting dialysis with CVC in the UK?!
despite national audit standards to the contrary implies that
clinical judgement alone is not an effective strategy for tim-
ing access. Other strategies to improve AV access uptake
have been described, including focus on patient education,
the implementation of quality initiatives'® and access co-
ordinators,?? though the impact of these remains uncertain.

Given the complications associated with incident CVC
use, contrasting international recommendations for AVF
timing and consistently low number of patients starting
dialysis with mature access, this systematic review aims to
identify and assimilate the evidence for any intervention
which increases the number of adult patients initiating HD
with AVF/G.

Methods

Eligibility criteria

English-language randomised and non-randomised con-
trolled trials, cohort studies, case-control studies and inter-
vention-focused observational studies published at any
time were eligible for inclusion. Studies must have
assessed any relevant intervention (clinical, educational or
service reorganisation) and reported the outcome of inter-
est: the proportion of patients initiating HD via AVF/G.
The comparator was ‘standard care’, or a similar descrip-
tor. Studies were eligible regardless of publication status,
though full texts with description of methodology and
results were required for inclusion. Patients assessed must

be aged older than 18, of any gender or ethnicity, with
chronic kidney disease (CKD).

Studies were excluded if they reported outcomes for
prevalent HD patients only. Studies describing interven-
tions on paediatric patients could only be included if data
for adult patients was available and could be examined
separately. Single arm studies with no comparator were
excluded.

Identification of studies

The search strategy was developed with the assistance of an
expert reference librarian. Electronic databases (Medline,
Embase, Cochrane CENTRAL and Scopus) were searched
through to June 2019 (Supplemental Appendix 1). Two
reviewers (JDS, AJ) independently assessed abstracts for
eligibility, according to a predefined protocol. Those
abstracts thought to be eligible were retrieved in “full text’
form. Full texts were subsequently re-assessed, indepen-
dently. Disagreements between reviewers were mediated
through direct discussion. Where agreements could not be
reached, a third author was available to arbitrate (DJAS, no
arbitration necessary). Once consensus was reached, cita-
tions were manually forward- and back-searched for articles
which met inclusion in the review.

Data analysis and risk of bias

Design, intervention, comparator, setting, participant num-
bers, country of study and outcome data (proportion of
incident haemodialysis patients starting HD with an
AVF/G) were extracted from included studies in tabular
form by a single reviewer (JDS). Where possible relative
risks (RR) were calculated from the extracted data. No
meta-analysis of reported summary data was carried out
due to heterogeneity in interventions and poor descriptions
of control arms. Thus, synthesis was performed in narra-
tive form. Randomised controlled trials (RCTs) were
assessed for bias using the Revised Cochrane Risk of Bias
tool (RoB2).23 All other studies’ risk of bias was evaluated
using the Newcastle-Ottawa Score.?* Tools were employed
by reviewers (JDS, AJ) independently and agreed upon in
the same manner as the eligibility of studies. Risk of bias
across studies was synthesised narratively.

Reporting of the systematic review was carried out
using the principles of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment (Supplemental Appendix 2).

Results

Study selection

The search strategy identified 1272 potential studies
(Figure 1). After screening, discussion and conferment, 19
studies were selected for full text review, without the need
for arbitration. Of these, five met eligibility criteria.
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Figure |. Algorithm for study identification.

Manual searching of citations led to one further study
being identified (Figure 1, Table 1).The included studies
consisted of one randomised controlled trial (RCT)? and
five cohort studies.?6-0

Summary synthesis

One RCT (25) and two retrospective cohort studies (26,
28) assessed the role of care co-ordinators. Across the

three studies, two (25, 26) failed to demonstrate a signifi-
cant difference in the outcome of interest ((RR=1.95,
95% CI=0.91-4.19) (=0.09), (RR=1.40, 95%
CI=0.78-2.50) (»=0.25)) and one (28) demonstrated sig-
nificant improvement (RR=1.37, 95% CI=1.11-1.69)
(»p=0.003) (Table 1). The RCT was well conducted though
underpowered for this review’s outcome of interest, the
two cohort studies’ quality were judged low (26) or fair
(28) (Table 2), due to lack of clarity regarding standard
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Table I. Included studies.

Country Outcome (exposure vs control)

Participant
numbers

Setting

Intervention Comparator

Design

Author

10/19 (53%) versus 7/26 (27%) incident AVF/G use

(RR 1.95, 95% CI 0.91-4.19) (p

USA

130

Patients approaching

ESRF

‘Usual care’

Care co-ordinator

Randomised
Controlled

Trial

Fishbane
et al?®

0.09)

19/44 (43%) versus 12/39 (31%) functional
permanent access at initiation (RR 1.40, 95% ClI

0.78-2.50) (p
Australia 63/84 (75%) versus 56/100 (56)% incident AVF use

USA

287

Patients approaching

Retrospective Care co-ordinator Unmatched historical
ESRF

Gale et al.?¢

controls

cohort study

0.25)

184

Patients approaching

ESRF

Unmatched historical

controls

Care co-ordinator

Polkinghorne Retrospective

et al?8

Owen

0.003)

(RR 1.37,95% CI 1.11-1.69) (p
Australia 83% versus 24% incident AVF use (p <0.001)*

cohort study

Unclear

Patients approaching/
with established ESRF

Unmatched historical

controls

Quality

Retrospective
cohort study

improvement
programme

et al.?

9/70 (12.9%) versus 3/64 (4.7%) incident AVF use

134 USA
(RR 2.54, 95% CI 0.72-9.01) (p

Patients approaching/
with established ESRF

Unmatched historical

controls

KDOQI practice

Retrospective
Cohort Study

Ackad
et al.3®

0.14)

recommendations
Patient education

programme

77812800 (27.8%) versus 428/2800 (15.3%) incident
AVF use (RR 1.78, 95% CI 1.60—1.97) (p<0.0001)

USA

5 600

Matched contemporaneous Patients approaching

controls

Retrospective
cohort study

Lacson

ESRF

et al?

ERF: end stage renal failure; AVF/G: arteriovenous fistula or graft; RR: relative risk; Cl: confidence interval; KDOQI: kidney dialysis outcomes quality initiative.

*Taken from author’s stated calculation, not possible to verify result.

care and the comparability of cohorts. No firm conclu-
sions could therefore be drawn regarding the impact of
care co-ordinators on the outcome of interest.

Two cohort studies?®3? reported incident AVF/G use
following the introduction of QI programmes; One of
these®® assessed KDOQI practice guidelines the other,?
assessed a locally devised programme. Only one study
presented data in such a way where it could be extracted;
no significant changes were demonstrated (RR=2.54,
95% CI=0.72-9.01, p=0.14).?° The second study reported
percentages only and secondary analysis could not be per-
formed. Quality was judged poor in both studies (Table 2),
predominantly due to a lack of comparability between
cohorts. Contradictory findings, low level of evidence and
high risk of bias limit conclusions regarding the impact of
QI programmes.

Lastly, one fair quality study?’ demonstrated a signifi-
cant improvement (RR=1.78, 95% CI=1.60-1.97,
p<<0.0001) in permanent access as a result of a structured
education programme, when compared to contemporane-
ous matched controls. Though a large number of patients
were analysed, they appeared to originate from different
geographical cohorts and control group education was not
described fully.

Risk of bias across all included studies was judged to be
high due to the risk of publication bias in intervention-
focused historical cohort studies.

Narrative

Care coordinators. A single, unblinded, parallel group,
RCT? assessed the role of a care co-ordinator in 130
patients approaching ESRF, in New York State. The care
co-ordinator delivered one-to-one patient education ses-
sions, dietary information, consolidated medication and
monitored patient weight.? Its primary outcome measure
was hospitalisation rate, though secondary outcomes
included initial vascular access at commencement of dial-
ysis. Of 59 patients who reached ESRF, 45 started haemo-
dialysis. There was a non-significant increase in incident
AVF/G use at first dialysis in the intervention group (10/19
vs 7/26, RR=1.95, 95% CI=0.91-4.19, p=0.09). This
RCT was judged to have a low risk of bias: patients were
appropriately randomised, there were few protocol viola-
tions and analysis was on intention to treat. All outcome
data and adverse events were fully accounted for. The only
notable flaw was a poor description of the control group’s
‘usual care’ and to what degree they may have received the
same or similar interventions from other clinicians.

Two retrospective observational studies also compared
outcomes after the introduction of a care coordinator. In
the first, conducted in Palo Alto, CA,* the co-ordinator
delivered education, identified appropriate diagnostic test-
ing and surgical review, provided motivation and post-
operative follow-up. Some 131 patients receiving the



836

The Journal of Vascular Access 23(5)

Table 2. Newcastle-Ottawa scores of included cohort studies.

Study Domain Quality
Selection Comparability Outcome

Gale et al.?¢ * % * * % Poor

Lacson et al.” * % * Kk % Fair

Polkinghorne et al.28 * * * %k % Fair

Owen et al.?? * % * Poor

Ackad et al.* * % * % Poor

intervention were compared to 156 historical controls
matched by eGFR and predicted risk of ESRF. Of these,
19/44 and 12/39 of the intervention and control cohorts
respectively, initiated dialysis with functioning, ‘perma-
nent access’ (RR=1.4, 95% CI=0.78-2.50, p=0.25). The
quality of evidence was judged poor (Table 2): Follow up
was insufficient to identify all patients progressing to hae-
modialysis and there was no description of how standard
care differed from coordinator-lead care.

In the second study, conducted in Victoria, Australia, a
care coordinator maintained a database of pre-ESRF
patients, timed and co-ordinated referral for access, main-
tained the surgical waiting list and arranged follow up.?®
63/84 of the intervention cohort and 56/100 of the histori-
cal, unmatched control cohort met the outcome of interest
(RR=1.37, 95% CI=1.11-1.69, p=0.003). After adjust-
ment for age, gender, late referral, actiology of ESRF and
type of presentation, a greater proportion of patients
received dialysis with an AVF following the introduction
of a care co-ordinator (OR=2.85 95% CI=1.32-6.15,
»=0.008). This study was judged to present fair quality
evidence (Table 2). Though there was controlling for base-
line characteristics, there was no indication of whether
interventions overlapped.

QI programmes. Two cohort studies investigated the
impact of a QI programme. Both programmes emphasised
referral to nephrology services at CKD stage 4, early
patient education and early referral for vascular access
(e.g. eGFR <25mL/min/1.73 m?). In the first,”® conducted
in New Jersey, USA, 70 patients commencing dialysis
after the establishment of KDOQI were compared to 64
historical controls. The use of AV Fistulae at first dialysis
increased (3/64 vs 9/70, RR=2.54 95% CI=0.72-9.01),
though not significantly (p=0.14). Study quality was poor
(Table 2), due to the use of historical controls, the absence
of matching or adjustment for baseline factors or com-
pleteness of follow up. Standard practice prior to the
implementation of practise guidelines was incompletely
described.

The second QI study took place in Victoria, Australia.*’
595 patients commencing dialysis before, during and after
the implementation of a QI programme were compared
over a 4-year period. The proportion of patients starting

dialysis with an AV fistula increased from 24% to 83%. No
absolute numbers are given within the manuscript. Study
quality was poor (Table 2). There was no description of
differences in cohorts, matching or adjustment and it was
not possible to judge completeness of follow up. There
was a lack of clarity regarding standard practice prior to
the introduction of the QI programme.

Standardised education. One large cohort study assessed
the impact of a national standardised education programme
for pre-ESRF patients?’ in the USA. About 2800 matched
pairs were selected from a pool of 32,617 patients starting
dialysis over a 16-month period. The intervention group
was provided with four education sessions regarding ESRF
treatment choices over a 180-day period by trained educa-
tors. Contemporaneous controls commenced HD via a
standard pathway which did not include the national edu-
cational programme. There was a significant difference in
the number of HD starters who did so via AVF (778/2800
vs 428/2800, RR=1.82 95% CI=1.60-1.97; (p <0.0001)).
This study also reported improved 90-day survival in the
intervention group (Hazard ratio 0.61, 95% CI=0.5-0.74).
Overall quality was judged to be fair (Table 2): This was a
well performed study with robust patient matching and
outcome reporting. Nonetheless, the description of the
control cohort’s education was vague and patients appeared
to be drawn from different healthcare institutions in con-
trol and intervention cohorts.

Discussion

National practice guidelines recommend that suitable
patients should commence HD with functional
AVF: 16171920 Thig systematic review aimed to identify
any evidence-based strategy to facilitate this recommen-
dation. Given the multifaceted and overlapping nature of
the interventions, the absence of a consistent outcomes
across studies and low level and quality of evidence, it
has not been possible to identify any single action or cri-
teria which achieves this.

Of the six studies identified, three cohort studies?°
used renal function threshold as a criteria for vascular access
referral, as part of a broader package of care. This strategy is
recommended by American and Japanese Guidelines.'®!” In
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two studies,’®?° there was a significant increase in AVF use.

However, it is not possible to distinguish what impact this
single intervention had, given coexisting interventions or
how this should influence future policy.

Lacson et al.?’” highlighted that patients undergoing
structured pre-ESRF education had a notably higher sur-
vival (HR=0.6, 95% CI=0.50-0.74, in favour of the
intervention group). Analysis was based on matched, con-
temporaneous groups. The impact of vascular access on
patient survival is currently subject to debate'® though the
preserved advantage in these matched cohorts implies it is
not discountable.

A limitation common to all included studies was the
poor description of ‘standard care’. Without such informa-
tion, it is not possible to discern whether practice and out-
comes changed significantly as a result of the interventions
described, or because of external factors such as observa-
tion bias. Further, the lack of clarity over control groups,
impeded pooling of studies for analysis. The included
studies were also notable for the absence of adverse event
reporting. Lastly, not all outcome data could be extracted
and synthesised, due to one included study only reporting
secondary results, as percentages. Combined with the het-
erogeneity of studies, this has limited the synthesis of data.

Conclusions and research
recommendations

There is low-to-fair-quality, low-level evidence to suggest
that a broad package of care including patient education,
firm criteria regarding the timing of vascular access refer-
ral and surgical waiting list optimisation may increase the
number of patients starting HD with permanent access,
though firm conclusions cannot be drawn. The question as
to when best to refer suitable patients for vascular access
formation remains unanswered. The studies highlighted
demonstrate a consistently low level of incident AVF use,
suggesting that current timing strategies are inadequate.

There remains a need to develop a robust, validated
model for predicting when patients are likely to require
dialysis. A randomised controlled trial assessing clinical
judgement (UK/European guidelines) against eGFR
threshold (USA/Japanese guidelines) in the timing of vas-
cular access referral is needed to support decision making
in pre-dialysis care, develop a prediction model and lend
evidence to current practice guidelines.

Acknowledgements

The authors would like to thank Deidre Andre for her help in
designing the search strategy.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Ethical approval

As a review of existing literature, ethical review was not deemed
necessary and committee review was not sought.

ORCID iD

Jonathan De Siqueira "2/ https://orcid.org/0000-0002-1653-2832

Supplemental material

Supplemental material for this article is available online.

References

1. Santoro D, Benedetto F, Mondello P, et al. Vascular access
for hemodialysis: current perspectives. Int J Nephrol
Renovasc Dis 2014; 7: 281-294.

2. Polkinghorne KR, McDonald SP, Atkins RC, et al. Vascular
access and all-cause mortality: a propensity score analysis. J
Am Soc Nephrol 2004; 15(2): 477-486.

3. AlmasriJ, Alsawas M, Mainou M, et al. Outcomes of vascu-
lar access for hemodialysis: a systematic review and meta-
analysis. J Vasc Surg 2016; 64(1): 236-243.

4. Hole B, Magadi W, Steenkamp R, et al. Chapter 10 multi-
site dialysis access audit in England, Northern Ireland and
Wales and 2015 peritoneal dialysis one year follow-up:
national and centre-specific analyses. Nephron 2018; 139;
253-272.

5. Brown RS, Patibandla BK and Goldfarb-Rumyantzev AS.
The survival benefit of “fistula first, catheter last” in hemo-
dialysis is primarily due to patient factors. J Am Soc Nephrol
2017; 28(2): 645-652.

6. Holden RM, Harman GJ, Wang M, et al. Major bleeding in
hemodialysis patients. Clin J Am Soc Nephrol 2008; 3(1):
105-110.

7. Harnett JD, Foley RN, Kent GM, et al. Congestive heart
failure in dialysis patients: prevalence, incidence, prognosis
and risk factors. Kidney Int 1995; 47(3): 884-890.

8. Davidson D, Louridas G, Guzman R, et al. Steal syn-
drome complicating upper extremity hemoaccess proce-
dures: incidence and risk factors. Can J Surg 2003; 46(6):
408—412.

9. Awais M, Nicholas J, Al-Saleh A, et al. Ischaemic mono-
melic neuropathy (IMN) following vascular access surgery
for haemodialysis: an under-recognized complication in
non-diabetics. Clin Kidney J 2012; 5(2): 140-142.

10. Bashar K, Zafar A, Elsheikh S, et al. Predictive parameters
of arteriovenous fistula functional maturation in a popu-
lation of patients with end-stage renal disease. PLoS One
2015; 10(3): e0119958.

11. Ernandez T, Saudan P, Berney T, et al. Risk factors for early
failure of native arteriovenous fistulas. Nephron Clin Pract
2005; 101(1): c39—c44.

12. Chan C, Ochoa CJ and Katz SG. Prognostic factors for
arteriovenous fistula maturation. Ann Vasc Surg 2018; 49:
273-276.


https://orcid.org/0000-0002-1653-2832

838

The Journal of Vascular Access 23(5)

13.

14.

15.

16.

17.

18.

19.

20.

21.

Siddiqui MA, Ashraff S and Carline T. Maturation of arte-
riovenous fistula: analysis of key factors. Kidney Res Clin
Pract 2017; 36(4): 318-328.

De Silva RN, Patibandla BK, Vin Y, et al. Fistula first is not
always the best strategy for the elderly. J Am Soc Nephrol
2013; 24(8): 1297-1304.

Woo K, Goldman DP and Romley JA. Early failure of dialy-
sis access among the elderly in the era of fistula first. Clin J
Am Soc Nephrol 2015; 10(10): 1791-1798.

Lok CE, Huber TS, Lee T, et al. KDOQI clinical practice
guideline for vascular access: 2019 update. Am J Kidney Dis
2020; 75(4): S1-S164.

Kukita K, Ohira S, Amano I, et al. 2011 update Japanese
society for dialysis therapy guidelines of vascular access
construction and repair for chronic hemodialysis. Ther
Apher Dial 2015; 19(S1): 1-39.

Murad MH, Sidawy AN, Elamin MB, et al. Timing of refer-
ral for vascular access placement: a systematic review. J
Vasc Surg 2008; 48(5, Supplement): S31-S3.

Kumwenda M, Mitra S and Reid C. Clinical practice guide-
line, vascular access for haemodialysis, https://renal.org/
sites/renal.org/files/vascular-access.pdf (2015).

Schmidli J, Widmer MK, Basile C, et al. Editor’s choice-
vascular access: 2018 clinical practice guidelines of the
European society for vascular surgery (ESVS). Eur J Vasc
Endovasc Surg 2018; 55(6): 757-818.

Hole B, Magadi W, Steenkamp R, et al. UK renal regis-
try 20th annual report: chapter 10 2016 multisite dialysis
access audit in England, Northern Ireland and Wales and
2015 peritoneal dialysis one year follow-up: national and
centre-specific analyses. Nephron. 2018; 139(Supplement
1): 253-272.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Schoch M, Bennett P, Fiolet R, et al. Renal access coordi-
nators' impact on hemodialysis patient outcomes and asso-
ciated service delivery: a systematic review. JBI Database
Syst Rev Implement Rep 2014; 12(4): 319-353.

Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool
for assessing risk of bias in randomised trials. BMJ 2019;
366:14898.

Stang A. Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies
in meta-analyses. Eur J Epidemiol 2010; 25(9): 603—605.
Fishbane S, Agoritsas S, Bellucci A, et al. Augmented nurse
care management in CKD stages 4 to 5: a randomized trial.
Am J Kidney Dis 2017; 70(4): 498-505.

Gale RC, Kehoe D, Lit YZ, et al. Effect of a dialysis access
coordinator on preemptive access placement among veter-
ans: a quality improvement initiative. Am J Nephrol 2017;
45(1): 14-21.

Lacson E, Jr., Wang W, DeVries C, et al. Effects of a nation-
wide predialysis educational program on modality choice,
vascular access, and patient outcomes. Am J Kidney Dis
2011; 58(2): 235-242.

Polkinghorne KR, Seneviratne M and Kerr PG. Effect of a
vascular access nurse coordinator to reduce central venous
catheter use in incident hemodialysis patients: a quality
improvement report. Am J Kidney Dis 2009; 53(1): 99-106.
Owen JE, Walker RJ, Edgell L, et al. Implementation of a
pre-dialysis clinical pathway for patients with chronic kid-
ney disease. Int J Qual Health Care 2006; 18(2): 145-151.
Ackad A, Simonian GT, Steel K, etal. A journey in reversing
practice patterns: a multidisciplinary experience in imple-
menting DOQI guidelines for vascular access. Nephrol Dial
Transplant 2005; 20(7): 1450—1455.


https://renal.org/sites/renal.org/files/vascular-access.pdf
https://renal.org/sites/renal.org/files/vascular-access.pdf

