CLINICAL EPIDEMIOLOGY ‘ www.jasn.org

Associations between Hemodialysis Access Type
and Clinical Outcomes: A Systematic Review

Pietro Ravani,*'¥ Suetonia C. Palmer,’ Matthew J. Oliver,! Robert R. Quinn,*t#

Jennifer M. MacRae,* Davina J. Tai,*" Neesh |. Pannu,** Chandra Thomas,*

Brenda R. Hemmelgarn,*Jri Jonathan C. Craig,TJr¢¢§§ Braden Manns,*™* Marcello Tonelli,**
Giovanni F.M. Strippoli, #5511 and Matthew T. James*™

Departments of *Medicine and TCommunity Health Sciences and *Libin Cardiovascular Institute of Alberta, University
of Calgary, Calgary, Alberta, Canada; $Department of Medicine, University of Otago Christchurch, Christchurch, New
Zealand; ”Department of Medicine, University of Toronto, Toronto, Ontario, Canada; '"Department of Medicine,
University of Saskatchewan, Saskatoon, Saskatchewan, Canada; **Department of Medicine, University of Alberta,
Edmonton, Alberta, Canada; TClinical Research Centre for Kidney Research, The Children’s Hospital at Westmead,
Westmead, Australia; ¥ National Health and Medical Research Council Centre for Clinical Research Excellence in
Renal Medicine, Cochrane Renal Group, Sydney, Australia; $8School of Public Health, University of Sydney, Sydney,
Australia; lLaboratory of Clinical Epidemiology of Diabetes and Chronic Diseases, Mario Negri Sud Consortium,

S. Maria Imbaro (Chieti), Italy; and "Diaverum Medical Scientific Office, Lund, Sweden

ABSTRACT

Clinical practice guidelines recommend an arteriovenous fistula as the preferred vascular access for he-
modialysis, but quantitative associations between vascular access type and various clinical outcomes re-
main controversial. We performed a systematic review of cohort studies to evaluate the associations
between type of vascular access (arteriovenous fistula, arteriovenous graft, and central venous catheter)
and risk for death, infection, and major cardiovascular events. We searched MEDLINE, EMBASE, and
article reference lists and extracted data describing study design, participants, vascular access type,
clinical outcomes, and risk for bias. We identified 3965 citations, of which 67 (62 cohort studies comprising
586,337 participants) met our inclusion criteria. In a random effects meta-analysis, compared with persons
with fistulas, those individuals using catheters had higher risks for all-cause mortality (risk ratio=1.53, 95%
Cl=1.41-1.67), fatal infections (2.12, 1.79-2.52), and cardiovascular events (1.38, 1.24-1.54). Similarly,
compared with persons with grafts, those individuals using catheters had higher risks for mortality
(1.38, 1.25-1.52), fatal infections (1.49, 1.15-1.93), and cardiovascular events (1.26, 1.11-1.43). Compared
with persons with fistulas, those individuals with grafts had increased all-cause mortality (1.18, 1.09-1.27)
and fatal infection (1.36, 1.17-1.58), but we did not detect a difference in the risk for cardiovascular events
(1.07, 0.95-1.21). The risk for bias, especially selection bias, was high. In conclusion, persons using cath-
eters for hemodialysis seem to have the highest risks for death, infections, and cardiovascular events
compared with other vascular access types, and patients with usable fistulas have the lowest risk.
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frequently and are the leading cause of dialysis-related mor-
bidity.1:2 Each year, persons on hemodialysis are hospitalized
two times on average, with 1 in 10 hospitalizations caused by
vascular access infection.! A central venous catheter is required
when the arteriovenous fistula or graft fails to sufficiently mature
for dialysis or becomes occluded by thrombosis.

Clinical practice guidelines strongly recommend the arte-
riovenous fistula as the preferred access option for all persons
receiving hemodialysis, because observational data show that
mature fistulas are more durable and associated with lower
morbidity and mortality compared with grafts and catheters.>->
Low rates of fistula use have led to initiatives, such as Fistula
First in the United States, aimed at achieving the clinical and
organizational changes needed to increase fistula use.® Increas-
ing fistula creation is a national health objective in the
United States.” Furthermore, the proportion of patients treated
with functioning fistulas is considered a proxy for the quality
of hemodialysis care, and reimbursement has been linked to
performance targets in some jurisdictions.® Notwithstanding
current practice policies, achieving a suitable fistula is challeng-
ing or impossible in some persons,® and repeated procedures
are often necessary.? There has been concern that resource-
intensive programs implemented to maximize fistula use
relative to grafts may have inadvertently led to increased un-
successful fistula attempts and catheter use, resulting in smaller
incremental benefits than anticipated!® and increased potential
harm, which may have been underestimated.!! To date, no
randomized trials have evaluated the benefits and harms of
hemodialysis access strategies or the clinical practices and
policies established to achieve them.

Considering the extensive public policy recommendations
and actions to promote fistula use, we aimed to quantify the
associations between vascular access type and mortality, in-
fection, and cardiovascular events and assess the quality of
available epidemiologic data. We did a systematic review of
cohort studies to evaluate the association between hemodial-
ysis access type and mortality, infection, hospitalization, and
cardiovascular events in persons with end stage kidney disease
treated with hemodialysis according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses.!2

RESULTS

Characteristics of Included Studies

Electronic searching identified 3964 citations, and one study
was identified from reference lists (Figure 1). We excluded
3898 citations on title and abstract or detailed review. We
could include 67 articles published between 1985 and 2011
(62 studies) reporting data on 363 vascular access type com-
parisons in 586,337 participants. Study characteristics includ-
ing full reference list, sample size, population characteristics,
and follow-up are reported in Supplemental Tables 1 and 2.
Nineteen articles were published from the same data sources:
the Hemodialysis (HEMO) study, the US Renal Data System,
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the Canadian Organ Replacement Registry, the Dialysis Out-
comes Practice Pattern Study, and the Fresenius Medical Care
database. Four publications included potentially duplicative
cohorts, which we included separately in sensitivity analyses.
Three study authors provided clarification or additional un-
published data (Supplemental Table 3). We could include 209
unique access type comparisons in summary analyses
(n=545,441) and 62 comparisons in sensitivity analyses
(1=446,621).

Risk of Bias

We found that reporting of methods was incomplete in many
studies, and no study was at low risk for bias in all domains that
we assessed (Figure 2). All except two small studies!>!# (3%)
compared outcomes according to the hemodialysis access
achieved as opposed to the hemodialysis access attempted or
intended, and thus, they were considered at high risk of selec-
tion bias. One study (n=32) compared a strategy based on
arteriovenous access attempts with a strategy based on cathe-
ter insertion without surgical attempts in persons older than
75 years who were eligible to receive an arteriovenous access.!?
The other study (1=30) compared local infections after fem-
oral graft or fistula placement in persons with limited surgical
options.!'* All remaining studies compared persons for
whom a fistula or a graft was successful with persons who
used catheters for any reason.

Patient Outcomes

Catheter Versus Fistula
Persons using catheters had increased risk of all-cause mortality

(risk ratio [RR]=1.53, 95% confidence interval [95% CI]=1.41—
1.67), fatal (RR=2.12, 95% CI=1.79-2.52) and nonfatal
(RR=4.66, 95% CI=2.63-8.26) infection, major cardiovascular
event (RR=1.38, 95% CI=1.24-1.54), and hospitalization
(RR=1.68, 95% CI=1.33-2.12) compared with persons using
fistulas (Figure 3 and Supplemental Figure 1). We explored the
heterogeneity in the analysis of all-cause mortality (I*>>83%)
with prespecified subgroup analyses (Supplemental Figure 2).
Associations were similar between studies evaluating access at
baseline (initial access) and studies using updated access types in
analyses (time-varying). We noted weaker and nonsignificant
associations with mortality in studies published after 2004 and
larger studies. RRs were materially the same in studies, regardless
of the level of adjustment in analyses.

Catheter Versus Graft
Persons using catheters had increased risk of all-cause mor-

tality (RR=1.38, 95% CI=1.25-1.52), fatal (RR=1.49, 95%
CI=1.15-1.93) and nonfatal (RR=2.78, 95% CI=1.80-4.29)
infection, cardiovascular event (RR=1.26, 95% CI=1.11—
1.43), and hospitalization (RR=1.51, 95% CI=1.30-1.75)
compared with those individuals using grafts. When we ex-
plored the heterogeneity in the analysis of all-cause mortality
(I*>85%), we noted weaker associations in studies that had a
smaller proportion of men.
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Citations excluded on the basis of title and abstract (n=3,663)
_— Narrative review articles, Other exposures or
outcomes, Case-series

Screening

' Potentially eligible articles assessed by full text review (n=302)
Excluded by full text (n=235)
Single Vascular Access type (n=14)
Subtypes Vascular Access only (n=23)
> Not cohort study (n=31)

Insufficient data (n=22)
No outcomes of interest (n=136)

v Duplicate cohorts (n=9)

Eligibility

67 articles (62 studies; n=586,337 participants) included in systematic review

!

Cohorts included in summary analyses (main analyses; n=554,860)

' Catheter vs. Fistula All cause mortality: 19 cohorts from 17 studies (n = 411,068)

: Fatal infections: 11 cohorts from 9 studies (n = 229,824)
Nonfatal infections: 19 cohorts from 19 studies (n = 14,947)
Cardiovascular events: 9 cohorts from 7 studies (n = 232,236)
Hospital admissions: 6 cohorts from 6 studies (n = 54,660)

Inclusion

~ Catheter vs. Graft All cause mortality: 15 cohorts from 13 studies (n = 394,922)

' Fatal infections: 11 cohorts from 10 studies (n = 235,176)
Nonfatal infections: 17 cohorts from 17 studies (n = 13,121)
Cardiovascular mortality: 8 cohorts from 7 studies (n = 234,819)
Hospital admissions: 4 cohorts from 4 studies (n = 56,734)

. Graft vs. Fistula All cause mortality: 17 cohorts from 16 studies (n = 398,233)

' Fatal infections: 10 cohorts from 9 studies (n = 236,211)
Nonfatal infections: 36 cohorts from 36 studies (n = 30,714)
Cardiovascular events: 8 cohorts from 7 studies (n = 232,862)
Hospital admissions: 4 cohort from 4 studies (n = 72,126)
Access patency: 17 cohorts from 17 studies (n=9,419)

Figure 1. Flow diagram of the identification process for eligible studies. Hospitalizations were from any cause.
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Figure 2. Risk of bias in the included articles. Two items were considered for each quality domain to define the risk of bias of the
included articles (n=67) as described in Supplemental Table 4; numbers indicate the numbers of articles.

Graft Versus Fistula
Persons using grafts had increased risk of all-cause mortality

(RR=1.18, 95% CI=1.09-1.27), fatal (RR=1.36, 95%
CI=1.17-1.58) and nonfatal (RR=2.76, 95% CI=2.13-3.58)
infection, and hospitalization (RR=1.26, 95% CI=1.13-1.40)
compared with those individuals using fistulas. The effect of
exposure to graft compared with fistula on cardiovascular
events was uncertain (RR=1.07, 95% CI=0.95-1.21). Hetero-
geneity in the analysis for all-cause mortality (I*>80%) re-
mained unexplained by subgroup analyses.

Cumulative Meta-Analyses, Publication Bias, and
Sensitivity Analyses

Cumulative meta-analysis of all comparisons showed that the
observed pooled risks of mortality have been statistically
significant since 2001-2002. Subsequent studies have conferred
little gain in precision and have not materially changed the esti-
mated risks of death (Supplemental Figure 3). We observed no
funnel plot asymmetry or statistical evidence of small study ef-
fects or publication bias in any of the analyses. Separate inclusion
of estimates from publications based on potentially duplicative
cohorts in meta-analyses of all combined or adjusted studies did
not change the observed associations. Pooled estimates were
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materially unchanged when estimates based on different adjust-
ment methods from the same study were entered in primary
meta-analyses or subgroup analyses, when we excluded cohorts
comparing catheters versus fistulas and grafts combined (Sup-
plemental Appendix), or when we used studies including
persons requiring complex surgical procedures or specific pop-
ulations (children or HIV-positive persons).

Arteriovenous Access Patency

Fifteen studies reported data on arteriovenous access patency
(Supplemental Table 5). However, information reported was
variable and insufficient to produce pooled summary statis-
tics. Four studies reported adjusted data, and the remainder
provided only crude comparisons. Survival plots or 1- to 5-
year access survival probabilities were reported by all but three
studies; 11 studies reported significantly greater patency rates
for fistulas then grafts, and 2 studies reported nonsignificant
differences (Supplemental Appendix).

DISCUSSION

In our meta-analysis, including 62 cohort studies comprising
over 500,000 participants, we found that persons using central
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Cohort
Study 1D Characteristics
Ekbal 2008 Prevalent & Incident Patients
Garcia-Cortes 2005 Incident Patients
Thomson 2007 Patients with Perm. Catheters
Krzanowski 2011 Prevalent & Incident Patients
Ocak 2011 Incident Patients (<65)
Astor 2005 Incident Patients
Lorenzo 2004 Incident Patients
Dhingra 2001 Incident Patients (65+)
Ocak 2011 Incident Patients (.65)
Dhingra 2001 Prevalent Diabetics
Foley 2009 Incident Patients
Pastan 2002 Prevalent Patients
Polkinghorne 2004  Prevalent & Incident Patients
Wasse 2008 Incident Patients
Moist 2008 Incident Patients
Pisoni 2009 Prevalent & Incident Patients
Xue 2003 Incident Patients

Lacson 2009 A
Lacson 2009 B

Prevalent & Incident Patients

Prevalent & Incident Patients

Pooled RR

Heterogeneily: I-squared=83.1%, Q=106 6, di=18, p<0.0001

Krzanowski 2011
Inrig 2006
Astor 2005
Polkinghorne 2004  Prevalent & Incident Patients

Prevalent & Incident Patients
Prevalent & Incident Patients

Incident Patients

Dhingra 2001 Prevalent Non-diabetics
Dhingra 2001 Prevalent Diabetics
Allon 2008 Prevalent Non-diabetics
Allon 2006 Prevalent Diabetics
Foley 2009 Incident Patients
Pastan 2002 Prevalent Patients
Wasse 2008 Incident Patients
Pisoni 2009 Prevalent & Incident Patients

Lacson 2009 B
Lacson 2009 A
Xue 2003

Prevalent & Incident Patients
Prevalent & Incident Patients
Incident Patients

Pooled RR

Heterogeneity: I-squared=85.2%, Q=94.5, di=14, p<0.0001

Wada 1996 Prevalent & Incident Patients
Krzanowski 2011 Prevalent & Incident Patients
Woo 2009 Prevalent & Incident Patients
Basel 2011 Prevalent & Incident Patients
Astor 2005 Incident Patients

Polkinghorne 2004  Prevalent & Incident Patients

Wasse 2008 Incident Patients
Dhingra 2001 Prevalent Diabetics
Pastan 2002 Prevalent Patients
Oliver 2004 Incident Patients

Allon 2006 Prevalent & Incident Patients
Dhingra 2001 Prevalent Non-diabetics
Pisoni 2009 Prevalent & Incident Patients
Xue 2003 Incident Patients

Foley 2009 Incident Patients

Lacson 2009 A
Lacson 2009 B

Prevalent & Incident Patients
Prevalent & Incident Patients

Pooled RR

Heterogeneily: i-squared=80.9%, G=83.9, dI=16, p<0.0001
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[0.91;4.26] 1.1%
[0.87:2.73] 1.9%
[1.01;2.14]  35%
[1.25:2.45]  4.0%
[1.24:233] 4.3%
[113:2.10]  4.4%
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[1.38;2.30] 5.5%
[1.10;1.78] 57%
[2.04:3.29] 5.8%
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[1.45:1.77]  9.2%
[1.22;1.43] 96%
[1.59;:1.81] 9.9%
[1.31:1.47] 10.0%
[1.25:1.35] 10.2%
[1.41;1.67] 100%
[0.26:9.85] 0.3%
[0.31:7.53] 04%
0.70:2.09] 26%
[1.15:2.43]  45%
[1.10:2.27]  46%
[0.77:1.54] 4.9%
[1.52:2.85] 55%
[2.31:4.19] 58%
[0.98;1.67] 6.5%
[1.10;1.54]  9.1%
[0.94:1.23] 10.1%
[1.03:1.28] 10.6%
[1.14:1.33] 11.4%
[117:1.31] 11.7%
[1.41;1.51] 12.1%
[1.25;1.52] 100%
[0.20;69.19]) 0.1%
[0.19; 8.49] 0.2%
[0.33; 4.00] 03%
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[1.15; 2.09) 4.1%
[0.76; 1.24]) 5.2%
[1.12; 1.78)  55%
[0.90; 1.34] 63%
[1.10; 1.63] 6.4%
[0.80; 1.18] 6.6%
[0.92; 1.27] 7.6%
[1.06; 1.25] 10.3%
[1.08; 1.24] 10.7%
[1.32; 1.46] 11.1%
[1.08; 1.19] 11.1%
[1.00; 1.10] 11.3%
[1.09; 1.27] 100%

Figure 3. Primary outcome: risk of all-cause mortality for the use of central venous
catheters versus fistulas or grafts and the use of arteriovenous grafts versus fistulas in
people on hemodialysis; studies are ordered by weight. We pooled the estimates
reported by Polkinghorne et al.3" for the comparison of catheters versus fistulas (three
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venous catheters for hemodialysis experience
a much higher risk of death, infection, car-
diovascular events, and hospitalization
compared with persons who achieve an
arteriovenous fistula or a graft as hemodi-
alysis access. Graft use is associated with
increased risk of death, infection, and hos-
pitalization but has weaker and uncertain
associations with cardiovascular events. In
absolute terms, catheter use is associated
with 80-134 additional deaths per 1000
person-years compared with fistula use
and 60-125 additional deaths per 1000
person-years compared with graft use.
Graft use is associated with 18-54 addi-
tional deaths for every 1000 persons each
year compared with fistula use (Table 1).
The direction of the risk for mortality
(lower in fistula and graft users than cathe-
ter users and lower in fistula users than graft
users) is highly consistent across existing
observational studies.

Colonization of foreign material within
the vascular space by skin micro-organisms
causing infection and bacteremia may di-
rectly lead to hospitalization, access failure,
and death, and it may explain, in part, the
mechanism by which catheter and graft use
may be associated with poorer survival.’> In
addition, chronically colonized surface bio-
film in synthetic access-related material
may increase the risk of cardiovascular dis-
ease in persons on hemodialysis by inflam-
mation.!® In support of this hypothesis, we
found that use of grafts and catheters was
associated with stronger risks of infection
and hospitalization compared with fistulas.
The proportion of access-related fatal infec-
tions in available studies was not reported,
and in one study, only 23% of all infection-
related hospitalizations were considered
directly caused by access infection,!”
suggesting that catheter and graft coloniza-
tion does not entirely explain the increased

estimates) and catheters versus grafts (three
estimates) according to the time spent on
hemodialysis when patients were registered;
we also pooled the estimates reported by
Foley et al.32 for the comparison of catheters
versus fistulas and catheters versus grafts
(each with three estimates) according to
whether the patient has a catheter only,
a catheter with a maturing fistula, or a graft.

Hemodialysis Access and Patient Outcomes 5
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Table 1. Summary of absolute risks of death from all causes, major cardiovascular events, and fatal infections associated with

dialysis vascular access types

Vascular Access
Comparison

Reference Annual
Event Risk®

Meta-Analytical
RR (95% Cl)

Number of Additional Events per
1000 Patients Exposed per Year (95% Cl)

Heterogeneity
(I%; P Value)

All-cause mortality
0.20 for fistula users
0.24 for graft users
0.20 for fistula users

Catheter versus fistula
Catheter versus graft
Graft versus fistula
Major cardiovascular events
0.10 for fistula users Catheter versus fistula
Catheter versus graft

Graft versus fistula

0.11 for graft users

0.10 for fistula users
Fatal infections
Catheter versus fistula
Catheter versus graft
Graft versus fistula

0.03 for fistula users
0.04 for graft users
0.03 for fistula users

1.53 (1.40-1.67)
1.38 (1.25-1.52)
1.18 (1.09-1.27)

1.38 (1.24-1.54)
1.26 (1.11-1.43)
1.07 (0.95-1.21)

2.12(1.79-2.52)
1.49(1.15-1.93)
1.36 (1.17-1.58)

83.9%; <0.01
86.2%; <0.01
82.1%; <0.01

106 (80-134) excess with catheter
91 (60-125) excess with catheter
36 (18-54) excess with graft

0%,; 0.47 38 (24-54) excess with catheter
0%; 0.57 28 (12-46) excess with catheter
0%; 0.52 7 (—5-21)P excess with graft
0%; 0.82 28 (20-38) excess with catheter
0%; 0.23 17 (5-32) excess with catheter
0%; 0.78 9 (4-15) excess with graft

“Outcome measure includes all-cause mortality, fatal or nonfatal cardiovascular events, and fatal infection events as defined in each study, with RRs obtained from

the meta-analysis. Reference risks are from the United States Renal Data System.’

PThe 95% Cl includes negative numbers, indicating that the superiority of graft versus fistula for cardiovascular events is uncertain (the 95% Cl ranges between 5

fewer events and 21 in excess with grafts).

mortality, infection, and hospitalization associated with these
access types. In addition, rates of bacteremia are 10 times
higher in observational studies than they are in clinical
trials,!! suggesting that, in observational studies, persons
with poorer prognosis (including those individuals who start
dialysis acutely) are over-represented among catheter users;
this finding may explain the adverse outcomes observed in
persons using catheters.

Although the associations between vascular access type and
adverse patient outcomes are large and consistent in available
studies, this review highlights that data for outcomes associ-
ated with vascular access are substantially biased by treatment
selection. Persons who receive a fistula that matures sufficiently
for dialysis are likely to differ in important ways from per-
sons for whom a fistula cannot be established before dialysis
initiation because of insufficient predialysis planning, inade-
quate vascular anatomy, or short life expectancy.!® Patient
characteristics that drive clinical decisions about vascular ac-
cess insertion (e.g., poor prognosis, heart failure, or peripheral
vascular disease) also influence patient survival, regardless of
the vascular access type achieved. Fistulas have a high risk of
maturation failure, often require several interventions to at-
tain suitability for hemodialysis, and are frequently impossible
or not attempted in persons with poor prognosis. Accordingly,
in the context of treatment selection bias, our data show that
persons who can successfully have a fistula created and used
have better clinical outcomes, but the relative benefits and
harms of access strategies for other persons remain uncertain.
Although guidelines strongly promote the fistula as the first
and optimal access type for all persons starting or treated with
hemodialysis, insufficient information is available to evaluate
the merits of this strategy. Given that approximately 40% of
fistulas fail to attain maturity for dialysis and may require re-
petitive interventions to achieve function, indiscriminately

6 Journal of the American Society of Nephrology

recommending fistula first may result in inappropriate use
of resources and services.!®

Given the methodological limitations in available studies
primarily caused by selection bias, additional research is nec-
essary to inform clinical practice when caring for a person for
whom a fistula may not be appropriate or possible. Selection
bias in the current evidence cannot be addressed by statistical
techniques that control for known and measured confounders.2°
Observational studies that evaluate patient outcomes based on
treatment intent (comparing outcomes of persons in whom a
fistula is the first approach, regardless of whether a fistula is
achieved, with the outcomes of persons for whom a graft or
catheter is the first treatment option) may provide relevant
additional data. Although a large randomized trial comparing
fistula versus grafts or catheters in all incident hemodialysis per-
sons may not be considered appropriate or feasible before such
information is available, equipoise may already exist as to
whether early consideration of an arteriovenous graft or central
venous catheter would be noninferior or even superior to fistula
prioritization strategies in persons at high risk (or prior history)
of fistula maturation failure.

This study has strengths, including rigorous methodology,
the magnitude and consistency of the associations that we
observed, and its relevance to current practice and policy-
making, but it also has important limitations, primarily
because of the primary source data. First, our conclusions
are supported by low-quality evidence from observational
studies that are vulnerable to confounding by measured and
unmeasured variables. We used univariate metaregression to
control for confounding by risk of bias. Associations found in
larger and more recent studies were weaker. Study-level
adjustment for confounding variables did not materially alter
risk estimates, suggesting that residual confounding (partic-
ularly from patient selection) was likely present.?! Second, we
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found large between-study heterogeneity, indicating that as-
sociations significantly varied between studies. We controlled
for specific study and participant characteristics, but we could
not explain residual heterogeneity. Despite marked heteroge-
neity, the direction of association with mortality was consistent
in 49 of 51 (96%) comparisons, with higher risks in catheter
users than users of arteriovenous accesses and higher risks in
graft users than fistula users. Finally, although data suggest that
achieving a fistula or graft improves clinical outcomes, we could
not identify specific patient characteristics that might predict
smaller absolute benefits of a fistula instead of a graft or catheter,
leaving open the question of who may or may not benefit from
aggressive fistula promotion.

In summary, several important clinical outcomes are associ-
ated with the type of vascular access used for hemodialysis. The
strongest associations with adverse events are observed in persons
using catheters, with the lowest risk being observed in persons
using fistulas. Available evidence is profoundly limited by
selection bias. Given the high mortality rate of hemodialysis
patients and the potential impact of vascular access on clinical
outcomes, additional research should now focus on defining the
characteristics of patient populations, where equipoise may exist
between different access options, including patients who do not
achieve a functioning fistula. Clinical trials evaluating the impact
of different access strategies on clinical outcomes in such
populations should be a research priority.

CONCISE METHODS

Data Sources and Searches
We systematically searched MEDLINE and EMBASE (from inception

to September 25, 2012) without language restriction using search
strategies designed by a specialist librarian (Supplemental Table 6).
We also hand-searched the reference lists of all identified relevant
publications and contacted experts in the field. Citations were inde-
pendently screened for eligibility by two reviewers based on title and
abstract. We retrieved the full text of any study that seemed relevant or
when there was uncertainty as to the eligibility based on title and
abstract alone. Two reviewers then independently selected studies
fulfilling the inclusion criteria based on full-text review.

Study Selection
We included cohort studies published in any language comparing

types of hemodialysis access (two or more of fistula, graft, or catheter)
in persons treated with or planning to shortly commence hemodialysis
that reported any of the following relevant person outcomes: all-cause
mortality, fatal or nonfatal cardiovascular events, fatal or nonfatal
infection, and all-cause hospitalization. We used broad inclusion
criteria for studies, including varying definitions for vascular access
(e.g., any configuration and location of fistulas and grafts and any
material and structure of grafts and catheters). We included clinical
events as defined by the investigators. We excluded narrative review
articles and original articles that reported only vascular access
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outcomes and studies comparing outcomes by subtypes of the
same access category (e.g., femoral versus jugular venous catheters,
side-to-side versus end-to-side fistulas, and synthetic versus bovine
grafts).

Data Extraction and Quality Assessment
Two independent reviewers extracted, classified, and coded data for

baseline characteristics (age, time on dialysis, sex, and prevalence of
diabetes and cardiovascular disease), vascular access type (fistula,
graft, or catheter) and subtype (temporary and permanent catheters,
femoral and jugular or subclavian location, synthetic and native vessel
graft, and proximal or distal location of the fistula), and study de-
sign (publication year, study size, duration of follow-up, prospec-
tive collection of data, inclusion or exclusion of prevalent patients,
exposure defined as the access in use at hemodialysis commencement
versus after 3 months, and exposure defined as the access at initial
follow-up versus time-varying access) using standardized data ex-
traction forms. Two independent authors also evaluated the risk of
biasinincluded studies, exploring domains of participation, selection,
or attrition, exposure and outcome measurement, confounding, and
analysis bias using previously validated methods???* (Supplemental
Table 6). Whenever more than one publication provided data from
the same cohort population, we included in the analyses only data
from the larger study or the study with the most complete data to
avoid data duplication. Disagreements were resolved by discussions
with two authors (PR. and M.T.]J.) that were arbitrated by a third
author (G.FEM.S.).

Statistical Approach
We defined the exposure as the type of vascular access. We prespecified

analyses for outcomes comparing catheter versus fistula, graft versus
catheter, and fistula versus graft. The primary outcome was all-cause
mortality. Secondary outcomes were fatal and nonfatal cardiovascular
events (myocardial infarction, congestive heart failure, and stroke),
fatal and nonfatal infection, and all-cause hospitalization. We
extracted RRs, incidence rate ratios, hazard ratios, or odds ratios
for the association between vascular access type and outcomes. We
calculated risks when only crude event data were reported. We added
0.5 to all 2 X 2 table cells with a zero count. When only P values were
reported, we calculated 95% Cls by deriving the standard errors of the
log-RRs from the two-sided P value. We selected the results from full
statistical models that adjusted for the largest number of potential
confounders. We pooled the natural logarithm of RRs for dichoto-
mous outcomes across studies using the random effects model by
DerSimonian and Laird.?* We used standard methods to convert
point estimates and variances of odds ratios to RRs.?>2¢® When two
comparisons were reported for an outcome in a study, we derived the
third mathematically. When reported, we extracted and analyzed risk
estimates separately for clinically important subgroups (e.g., persons
with and without diabetes and incident and prevalent dialysis pa-
tients). We used the I” statistic?7-28 to test for heterogeneity in risk
estimates between studies. We did additional prespecified subgroup
and random effects univariate metaregression to explore heterogene-
ity between risk estimates in individual studies according to each of
the following study-level covariates: age, sex, prevalence of diabetes,
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follow-up duration, sample size, publication year, inclusion of prev-
alent patients, definition of the exposure based on the vascular access
at 3 months after dialysis initiation (as opposed to access at com-
mencement of hemodialysis), outcome models built on time-varying
access versus initial access, subtype of access within each comparison
(temporary or tunneled catheters, proximal or distal fistulas, and
bovine or synthetic graft), and risk of bias. For comparative and sub-
group analyses, we required a minimum of three independent esti-
mates per group to justify analyses. We used standard methods to
detect and quantify publication bias.?*3° Because studies provided
several risk estimates using different statistical models, subgroups, or
published versions, we did sensitivity analyses by including these
multiple risk estimates from the same data source in separate pooled
analyses. We also repeated analyses and excluded studies enrolling
participants who required complex surgical procedures, children, or
HIV-positive persons. We did all analysis using R (packages ‘meta’
and ‘metafor’; http://CRAN.R-project.org/).
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