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Abstract

Background: In North America, most people start hemodialysis via a central venous catheter (“catheter”). These patients
are counseled to undergo arteriovenous fistula (“fistula”) creation within weeks of starting hemodialysis because fistulas are
associated with improved survival.

Objectives: To determine whether attempting to create a fistula in patients who start hemodialysis via a catheter is
associated with improved mortality. We also sought to determine whether differences in baseline patient characteristics,
vascular procedures for access-related complications, or days in hospital may confound or mediate the relationship between
attempted fistula creation and mortality.

Design: Multicenter, retrospective cohort study.

Setting: Six dialysis programs located in Ontario, Alberta, and Manitoba.

Patients: Patients aged =18 years who initiated hemodialysis via a catheter between January |, 2004, and May 31, 2012,
who had not had a previous attempt at fistula creation. We excluded those who had a life expectancy less than | year, who
transitioned to peritoneal dialysis within 6 months of starting dialysis, and people who started hemodialysis via a graft.
Measurements: Attempted fistula creation, all-cause mortality, patient characteristics and comorbidities, vascular
procedures for access-related complications, and days spent in hospital.

Methods: We used survival methods, including marginal structural models, to account for immortal time bias and time-
varying confounding.

Results: In total, 1832 patients initiated hemodialysis via a catheter during the study period and met inclusion criteria. Of
these patients, 565 (31%) underwent an attempt at fistula creation following hemodialysis start. As compared to those
who did not receive a fistula attempt, these people were younger, had fewer comorbidities, and were more likely to have
started dialysis as an outpatient and to have received pre-dialysis care. In a marginal structural model controlling for baseline
characteristics and comorbidities, attempted fistula creation was associated with a significantly lower mortality (hazard
ratio [HR] = 0.53; 95% confidence interval [CI] = 0.43-0.66). This effect did not appear to be confounded or mediated by
differences in the number of days spent in hospital or vascular procedures for access-related complications. It also remained
similar in analyses restricted to patients who survived at least 6 months (HR = 0.60; 95% CI = 0.47-0.77) and to patients
who started hemodialysis as an outpatient (HR = 0.48; 95% Cl = 0.33-0.68).

Limitations: There is likely residual confounding and treatment selection bias.

Conclusions: In this multicenter cohort study, attempting fistula creation in people who started hemodialysis via a catheter
was associated with significantly reduced mortality. This reduction in mortality could not be explained by differences in
patient characteristics or comorbidities, days spent in hospital, or vascular procedures for access-related complications.
Residual confounding or selection bias may explain the observed benefits of fistulas for hemodialysis access.

Trial Registration: Not applicable (cohort study).
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Abrégé

Contexte: En Amérique du Nord, la plupart des patients amorcent ’hémodialyse avec un cathéter veineux central (cathéter).
Dans les semaines qui suivent le début de la dialyse, on conseille a ces patients la création d’une fistule artérioveineuse
(fistule), cette derniére étant associée a un taux de survie accru.

Objectif: Vérifier si la tentative de créer une fistule est associée a un accroissement de la survie chez les patients ayant
amorcé 'hémodialyse avec un cathéter. Nous souhaitions aussi évaluer si les différences dans les caractéristiques initiales des
patients, les interventions vasculaires pour gérer les complications liées a I'accés ou la durée du séjour pouvaient aggraver ou
médier la relation entre la mortalité et le fait de tenter la création d’une fistule.

Type d’étude: Etude de cohorte rétrospective menée dans plusieurs centres.

Cadre: Six programmes de dialyse situés en Ontario, en Alberta et au Manitoba.

Sujets: Les patients adultes ayant amorcé ’hémodialyse avec un cathéter entre le ler janvier 2004 et le 31 mai 2012, et
n‘ayant pas antérieurement tenté la création d’une fistule. Ont été exclus les patients ayant une espérance de vie inférieure
a un an, ceux qui étaient passés a la dialyse péritonéale dans les six mois suivant le début de la dialyse, et ceux qui avaient
commencé 'hémodialyse par un greffon artérioveineux.

Mesures: La tentative de création d’'une fistule, la mortalité toutes causes confondues, les caractéristiques initiales et comorbidités
des patients, les interventions vasculaires pour gérer les complications liées a 'accés et le nombre jours passés a I'hopital.
Méthodologie: Nous avons utilisé des méthodes de survie, notamment des modéles structurels marginaux, pour tenir
compte du biais d'immortalité et des facteurs confusionnels variables dans le temps.

Résultats: Au cours de la période étudiée, | 832 patients avaient amorcé une hémodialyse avec un cathéter et répondaient
aux criteres d’inclusion. Parmi eux, 565 (31 %) avaient tenté la création d’une fistule aprés le début de 'lhémodialyse. Ces
patients étaient plus jeunes, présentaient moins de comorbidités et étaient plus susceptibles d’avoir amorcé la dialyse en
clinique externe et d’avoir regu des soins de prédialyse que les patients qui n’avaient pas tenté la création d’une fistule. Dans
un modeéle structurel marginal contrélant les caractéristiques initiales et les comorbidités, la tentative de création d’une
fistule a été associée a un taux de mortalité significativement inférieur [risque relatif (RR) : 0,53; intervalle de confiance (IC) a
95 % : 0,43-0,66]. Cet effet n’a pas semblé aggravé ou médié par des différences dans la durée du séjour a 'hopital ou par les
interventions vasculaires pour gérer les complications liées a I'acces. Cela est également demeuré similaire dans les analyses,
mais uniquement chez les patients ayant survécu au moins 6 mois (RR : 0,60; IC 95 % : 0,47-0,77) et chez les patients ayant
commencé 'hémodialyse en clinique externe (RR : 0,48; IC 95 % : 0,33-0,68).

Limites: Probabilité de facteurs de confusion résiduels et de biais relatifs au choix du traitement.

Conclusion: Dans cette étude de cohorte multicentrique, la création d’'une fistule chez des patients ayant commencé ’hémodialyse
avec un cathéter a été associée a une réduction significative de la mortalité. Cette réduction de la mortalité n’a cependant pas pu
étre expliquée par des différences dans les caractéristiques ou les comorbidités des patients, par la durée du séjour a I'hpital ou
par les interventions vasculaires pratiquées pour gérer les complications liées a I'accés. Un biais de sélection ou des facteurs de
confusion résiduels pourraient expliquer les bienfaits observés par la création d’une fistule pour I'accés a 'hémodialyse.
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Introduction

The majority (~70%) of people with end-stage kidney failure an arteriovenous fistula (“fistula”), or an arteriovenous graft
(~300 000 000 globally) are treated with hemodialysis,"? a (“graft”). In North America, approximately 80% of people
treatment which requires reliable vascular access. This may  start hemodialysis via a catheter; these patients are counseled
be accomplished using a central venous catheter (“catheter”), to consider an attempt at fistula creation within weeks of
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starting hemodialysis.>® Although guidelines are moving
toward more patient-centered approaches, clinical practice
guidelines, national initiatives, and patient advocacy groups
still recommend use of fistulas and discourage catheters for
long-term hemodialysis access.>” These recommendations
are largely based on observational data associating receipt of
hemodialysis via a usable fistula with a lower risk of mortal-
ity, with access-related morbidity being considered a media-
tor of increased mortality among catheter users.®

However, no randomized controlled trial has compared
the effects of different hemodialysis access strategies on
patient outcomes and existing observational evidence is at
high risk of bias.® Studies that assessed the impact of creating
a fistula for hemodialysis access compared outcomes of peo-
ple who achieved a usable fistula to those that used a cathe-
ter, including those who were not eligible for a fistula or
whose fistula had previously failed.®® As a consequence,
existing studies have not assessed the impact of attempting to
create a fistula (the intervention being prescribed), but rather
that of achieving a functional fistula (an outcome that cannot
be prescribed).!%!? This is important because 23% to 60% of
fistula creation attempts fail.'>!* They have also not con-
trolled for the confounding or mediating effects of variables
that change over time such as days spent in hospital and
procedures used to maintain access patency or address
access-related complications.!® Existing studies have pro-
posed that access-related morbidity mediates the increased
risk of death among catheter users,'® but evidence in support
of these claims is lacking. Instead, studies have shown that
the vast majority of catheter-related deaths are not due to
access complications,'®!7 suggesting that the increased need
for access-related procedures or days spent in hospital occur
more often among catheter users who are “sicker” than fis-
tula users.” 1617

We performed a multicenter, Canadian, retrospective
cohort study to determine whether attempting to create a fis-
tula in patients who start hemodialysis via a catheter is asso-
ciated with improved mortality. We also sought to determine
whether differences in baseline patient characteristics, vas-
cular procedures for access-related complications, or days
spent in hospital may confound or mediate the relationship
between attempted fistula creation and mortality. We tested
the hypothesis that patient characteristics, days spent in hos-
pital, or vascular access-related procedures may explain or
mediate the association between attempted fistula creation
and mortality in patients who started hemodialysis via a
catheter.

Methods
Design and Reporting

We conducted a multicenter, retrospective cohort study.
Reporting followed recommended guidelines.'®?

Ethical Considerations

Research ethics approval and waiver of patient consent were
obtained from each of the 5 participating Canadian dialysis
programs.

Data Sources and Participants

We identified patients aged 18 years old or older who initi-
ated hemodialysis via a catheter between January 1, 2004,
and May 31, 2012, and who had not received a previous
attempt at fistula creation (including radiocephalic, brachio-
cephalic, and other inflow-outflow configurations). We
excluded those who had a life expectancy less than 1 year
due to metastatic cancer or other terminal illnesses, who
transitioned to peritoneal dialysis within 6 months of starting
dialysis, and people who started hemodialysis via a gratft.

Setting and Data

We collected data from the Dialysis Measurement Analysis
and Reporting (DMAR) system. The DMAR system was a
centrally hosted, web-based quality improvement system
that prospectively collected data on incident hemodialysis
patients treated at 1 of 6 participating Canadian dialysis pro-
grams located in Ontario (The Ottawa Hospital, Sunnybrook
Health Sciences Center, and London Health Sciences
Center), Alberta (Northern and Southern Alberta Renal
Programs), and Manitoba (Manitoba Renal Program).
Patients were included in DMAR if they had chronic kidney
failure and started dialysis or had acute kidney injury and
received at least 28 days of dialysis.

Trained staff entered data into DMAR using a standard-
ized coding schema. These data were then centrally
reviewed for coding consistency, accuracy, and complete-
ness. Data contained in DMAR included baseline demo-
graphic, comorbidity, and laboratory information; any
changes in dialysis modality; hospitalizations; kidney
transplantations; losses to follow-up; transfers out of the
program; and deaths. All vascular access procedures, before
and after initiation of dialysis therapy, were also captured,
along with the location, date, description, and indication for
each procedure.

Exposure Variable

The exposure of interest was attempted fistula creation after
starting hemodialysis with a catheter, determined longitudi-
nally by DMAR procedure records. Using an intention-to-
treat analysis, patients were unexposed if they did not receive
a fistula attempt for any time before they received one.
Following receipt of a fistula creation attempt, they remained
exposed regardless of whether or not the fistula became suit-
able for use.
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Outcome

The primary outcome was all-cause mortality during the
study follow-up period.

Follow-up

We followed participants from hemodialysis initiation until
recovery of kidney function, kidney transplant, transfer out
of the dialysis program, transfer to peritoneal dialysis (after
6 months), the end of the follow-up period, or death.

Covariates

We controlled for a number of covariates that a published
international survey of nephrologists*® and multidisciplinary
hemodialysis access teams?' identified as potential con-
founders of the relationship between attempted fistula cre-
ation and mortality. These covariates included age, gender,
duration of pre-dialysis care, and history of diabetes or car-
diovascular disease (CVD) (defined as coronary, cerebrovas-
cular, or peripheral artery disease or heart failure).

Study Size

Based on previous studies,'® we estimated that approxi-

mately 1500 patients would start hemodialysis using a cath-
eter at the 5 participating dialysis centers. Assuming that
approximately 30% of people would receive a fistula attempt
and about 30% of all people (with/without attempt) would
die during the study period, we estimated that this sample
size would have a power of at least 85% to detect a signifi-
cant difference in mortality with a hazard ratio (HR) of =0.7
(or =1.4) and a 2-sided P-value of .01.

Statistical Analyses

We summarized categorical and continuous patient charac-
teristics using counts (percentages) and medians (with
interquartile ranges [IQRs]), stratified by whether patients
underwent an attempt at fistula creation. We compared
these statistics using chi-square and Mann-Whitney U tests,
respectively.

As standard methods for analyzing cohort studies with
time-updated exposure and covariate variables can produce
biased estimates,”> we used a marginal structural model to
determine the effect of attempted fistula creation on the haz-
ard of death after starting hemodialysis via a catheter.
Marginal structural models account for immortal time bias
and control for confounding variables that change over time.
Immortal time is the time during which death cannot occur
among the exposed. Bias is the result of selecting partici-
pants who survive until they become exposed (survivorship
bias), which extends their survival time by a period preced-
ing the exposure (immortal time). A common way to address

this bias is to treat the exposed as “unexposed” until the date
they become exposed and are then “exposed” thereafter. To
control time-varying confounding, marginal structural mod-
els use patient weights based on their probability of receiving
treatment (ie, attempted fistula creation) and of being cen-
sored.!> We determined stabilized inverse probability of
treatment weights using age, sex, history of CVD, diabetes,
pre-dialysis care, and inpatient initiation of hemodialysis as
baseline covariates. We also accounted for the possible
time-varying confounding effect of time-varying covariates
including days spent in hospital following hemodialysis
start and procedures required to maintain access patency
or address other access complications, using the same
approach.??

Statistical analyses were conducted using STATA 15
(STATA Corp., College Station, TX, USA). We did not use
methods for missing data as information was complete for all
of the variables included in the database.

Mediation, Sensitivity, and Post Hoc Analyses

We conducted a series of pre-specified mediation and sensi-
tivity analyses. To assess whether days spent in hospital or
vascular procedures for access-related complications were
on the causal pathway between a fistula creation attempt and
mortality, we compared the mortality estimates obtained
from a time-varying Cox models with or without these poten-
tial mediators included in the model (time-varying covari-
ates). We also compared the mortality estimate obtained
from the above marginal structural model with that estimated
using a time-varying Cox proportional hazards model that
treats attempted fistula creation as a time-varying exposure
(accounting for immortal time bias), but does not address
time-varying confounding. This standard Cox model
included the same baseline covariates as the marginal struc-
tural model (age, sex, history of CVD, diabetes, pre-dialysis
care, and inpatient initiation of hemodialysis). We also used
a marginal structural model to determine the effect of
attempted fistula creation on the risk of death using only
those patients with 6 months or longer follow-up to deter-
mine whether this association was robust to varying dura-
tions of follow-up.

In a post hoc analysis, we excluded patients who had an
inpatient dialysis start from the marginal structural model to
determine the effect of attempted fistula creation on the haz-
ard of death after starting hemodialysis as an outpatient via a
catheter. This model included the same baseline and time-
varying covariates as our principal marginal structural model.

Results

Cohort and Follow-Up

We identified 3145 patients who initiated dialysis therapy at
1 of the 5 participating Canadian centers. Of these patients,
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| N=3,145 Started dialysis (January 1, 2004-May 31, 2012) |

Y

| N=2,476 Started on hemodialysis

A 4

| N=2,457 Started with a catheter or a fistula

Y

| N=2,386 Long-term hemodialysis planned

Y

| N=1,928 Started hemodialysis with a catheter

Excluded

> | N=669 Peritoneal dialysis started within 6-months |
¥ | | N=19 Started hemodialysis with a graft |
N N=71 Life expectancy <1-year for non-dialysis-related

r reasons

» | N=38 Multiple pre-dialysis fistula attempts |
» | N=372 Pre-dialysis fistula attempt used |
> | N=48 Pre-dialysis peritoneal dialysis or graft attempt |

v

N=96 Pre-dialysis fistula attempt not used |

| N=1,832 No pre-dialysis fistula attempt |

Y

v

| N=1,267 No fistula creation attempt

| | N=565 fistula creation attempt

Figure |. Details of cohort creation.

1928 (61%) initiated hemodialysis via a catheter and 1832
(95%) of these patients did not have a previous attempt at
fistula creation (Figure 1). During a median follow-up of 11
(IQR = 4-25) months, 520 (28%) patients died, 74 (4%)
received a kidney transplant, 234 (13%) recovered kidney
function, 141 (8%) transferred to another dialysis program, 2
(0.1%) were lost to follow-up, and 66 (4%) transferred to
peritoneal dialysis.

Attempted Fistula Creation in Those That
Initiated Hemodialysis via a Catheter

Of these 1832 included patients who did not have a previous
attempt at fistula creation, 565 (31%) had an attempt after
starting hemodialysis. Table 1 shows baseline characteristics
of the patients, stratified by whether or not they had an
attempted fistula creation. Patients who had an attempted fis-
tula creation were younger, had fewer comorbidities and a
lower estimated glomerular filtration rate (¢eGFR) at initia-
tion of dialysis, and were more likely to have started dialysis
as an outpatient and to have received pre-dialysis care.
Patients who had an attempted fistula creation were also sig-
nificantly less likely to recover kidney function (Table 2).

The median length of follow-up was 24.7 (IQR = 13.1-43.7)
months in those who underwent an attempted fistula creation
and 6.3 (IQR = 2.4-15.7) months in those who did not (P <
.001). The median time from dialysis start to fistula attempt
was 3.3 (IQR = 1.8-6.2) months while the median follow-up
time without a fistula for the whole cohort was 4.9 (IQR =
2.1-11.6) months.

Association Between Attempted Fistula Creation
and Mortality

In a marginal structural model controlling for baseline and
time-varying covariates, attempted fistula creation was asso-
ciated with a significantly lower hazard of mortality (HR =
0.53; 95% confidence interval [CI] = 0.43-0.66) (Figure 2).
Figure 3 provides a comparison of the estimated association
between attempted fistula creation and mortality in people
starting hemodialysis via a catheter using different modeling
strategies. We observed similar results using marginal struc-
tural models without time-varying confounding (ie, without
treatment and censoring weights) (HR = 0.51; 95% CI =
0.40-0.63). A similar relationship was also observed between
attempted fistula creation and reduced mortality using a
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Table 1. Characteristics of the 1832 Patients Included in the Study.

Entire cohort

No attempt at fistula creation

Attempt at fistula creation

Characteristic—n (%) (N = 1832) (n = 1267) (n = 565) P-value
Demographics
Age, median (IQR) 67 (56, 77) 68 (57, 78) 64 (53, 74) <.001
Male 1106 (60) 747 (59) 359 (64) .06
BMI, median (IQR) 26.7 (23.2, 31.5) 26.9 (234, 31.6) 26.3 (229, 31.4) .18
Comorbidities
Diabetes 1016 (55) 682 (54) 334 (59) .03
Cardiovascular disease 1069 (58) 777 (61) 292 (52) <.001
Coronary artery disease 686 (37) 508 (40) 178 (32) <.001
Congestive heart failure 582 (32) 447 (35) 135 (24) <.001
Cerebrovascular disease 288 (16) 221 (17) 67 (12) .002
Peripheral artery disease 350 (19) 261 (21) 89 (16) .02
Cancer 355 (19) 268 (21) 87 (15) .004
Initiation of dialysis
eGFR, median (IQR) 8.9 (6.4, 12.6) 9.3 (64, 13.1) 8.4 (6.2,11.4) <.001
Inpatient start 1272 (69) 941 (74) 331 (59) <.001
Any pre-dialysis care 1275 (70) 801 (63) 474 (84) <.001
Pre-dialysis care = 4 mo 983 (54) 648 (51) 335 (59) .001
Pre-dialysis care = 12 mo 760 (42) 516 (41) 244 (43) 32
Note. IQR = interquartile range; BMI = body mass index; eGFR = estimated glomerular filtration rate.
Table 2. Participant Follow-up and Outcomes.
No fistula creation attempt Fistula creation attempt
Characteristic—n (%) (n = 1267) (n = 565) P-value
Duration of follow-up—months (IQR) 6.3 (2.4-15.7) 24.7 (13.1-43.7) <.001
Reason for termination of follow-up <.001
End of study 453 (36) 342 (61)
Died 371 (29) 149 (26)
Received kidney transplant 47 (4) 27 (5)
Recovered kidney function 226 (18) 8 (I
Transferred to another dialysis program 114 (9) 27 (5)
Lost to follow-up 2 (0.2) 0 (0)
Transferred to peritoneal dialysis 54 (4) 12 (2)

Note. IQR = interquartile range.

time-varying Cox proportional hazards model (HR = 0.55;
95% CI = 0.44-0.69), which adjusted for the same covari-
ates, but treated the time-varying covariates (procedures and
days in hospital) as mediators (on the causal pathway toward
death) rather than confounders (that influence the probabil-
ity of treatment/censoring) (see Supplemental Table 1 for
the full models obtained using each different modeling
strategy).

Mediation, Sensitivity, and Post Hoc Analyses

Using a Cox proportional hazards model, we found no evi-
dence that differences in procedures required to address
access complications or days spent in hospital mediated the
relationship between attempted fistula creation and mortality.

Introducing or removing these variables from the models
showed a 2% mediation effect of procedures and 4% media-
tion effect of days spent in hospital. Overall, removing both
these variables from the model altered the HR by less than
0.02. Furthermore, our finding of a reduced mortality with
attempted fistula creation was materially unchanged in
analyses restricted to patients who survived at least 6
months (HR = 0.60; 95% CI = 0.47-0.77) and to patients
who started hemodialysis as an outpatient (HR = 0.48; 95%
CI = 0.33-0.68).

Discussion

In this multicenter, Canadian, retrospective cohort study, we
found that attempting fistula creation in patients who started
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Variable HR [95% CI]

AVF Creation —— 0.53[0.43 - 0.66]
Age (per 10-year increase) —— 1.31[1.21 - 1.42]
Male - 1.10[0.91 - 1.33]
CVD _— 1.46[1.18 - 1.80]
Diabetes —_ 1.01[0.83 - 1.23]
Predialysis care <4 months —— 1.00[0.76 — 1.33]
Predialysis care 4-12 months —— 0.71[0.51 - 0.98]
Predialysis care 12+ months —— 0.73[0.56 — 0.94]
Inpatient dialysis start T 1.20[0.97 - 1.49]

o 5 1 15 2 25

Figure 2. Hazard of death after attempted arteriovenous fistula creation estimated using a marginal structural model.

Note. The time-varying covariates (days spent in hospital and vascular procedures for access-related complications over time) are accounted for in the
treatment and censoring weights that control for confounding. HR = hazard ratio; Cl = confidence interval; AVF = fistula vs catheter; CVD = history of
cardiovascular disease, present vs absent.

Effect Analysis HR [95% CI]
Confounding MSM (with confounders) - 0.53[0.43 - 0.66]
MSM (without confounders) -~ 0.50[0.40 - 0.63]
Mediation Cox (with mediators) - 0.55[0.44 - 0.69]
Cox (without mediators) -~ 0.54 [0.44 - 0.67]
T T T T

0 5 1 15 2

Figure 3. Hazard of death after attempted arteriovenous fistula creation estimated using marginal structural or Cox proportional
hazards models.

Note. All models include the baseline covariates age, gender, duration of pre-dialysis care, and a history of diabetes or cardiovascular disease. MSM (with
confounders) includes probability of treatment and censoring weights based on baseline covariates as well as days in hospital and procedures. MSM
(without confounders) and Cox (with mediators) include days spent in hospital and vascular procedures for access-related complications as time-varying
covariates (no weights). Cox (without mediators) ignores these potential time-varying covariates. HR = hazard ratio; Cl = confidence interval; MSM =
marginal structural model; Cox = standard Cox proportional hazards model (with and without time-varying covariates).

hemodialysis via a catheter was associated with a signifi- superiority of fistulas is the result of measured confounding
cantly lower mortality. These findings extend those of previ-  or is mediated by access-related morbidity. We found no
ous studies from our group by formally testing whether the evidence of confounding due to differences in baseline
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characteristics or comorbidities, days spent in hospital or
vascular procedures for access-related complications, or
mediation effects due to the occurrence of these events over
time following a fistula attempt. These findings are consis-
tent with those from a related cohort study, which found no
evidence to support that catheter-related deaths were directly
related to access complications.'®!” Our finding of reduced
mortality in people who underwent an attempted fistula cre-
ation remained robust to analyses restricted to 6-month sur-
vivors and those who started hemodialysis as an outpatient.
Collectively, unless we assume that receiving an attempt at
fistula creation somehow alters patient physiology and
impacts outcome, much of the excess mortality observed in
patients treated with catheters may be due to residual (unmea-
sured) confounding or treatment selection bias.'®!7 Access-
related morbidity may be the result of patient health status
rather than the type of access used for hemodialysis. This
finding has important implications for patient care, develop-
ing future clinical practice guideline and policy recommen-
dations, and designing future research.

Designing an observational study that provides a valid
comparison between the outcomes of patients who receive
hemodialysis via a fistula or catheter is challenging.!® First,
people receiving hemodialysis via fistulas differ systemati-
cally in many important ways from those receiving it via cath-
eters.” For example, in this study, patients who had an
attempted fistula creation were younger, had fewer comorbidi-
ties, less often started dialysis as an inpatient, and more often
received pre-dialysis care. People who do and do not
receive an attempt at fistula creation may also differ with
respect to unmeasured indicators of health that even nephrol-
ogists?® and multidisciplinary hemodialysis access teams?!
have yet to identify as potential confounders. This includes
indicators of disease severity (as opposed to comorbid condi-
tion present or absent), health status, or functional indepen-
dence. Second, studies comparing fistulas to catheters have
typically included those who were ineligible for a fistula and
compared outcomes of people who achieved a usable fistula to
everyone who used a catheter, including those in whom a fis-
tula was not possible or failed.” To address this problem in this
study, we excluded people commonly felt to be ineligible for a
fistula (ie, those with a life expectancy less than 1 year, who
transitioned to peritoneal dialysis within 6 months of starting
dialysis, and who started hemodialysis with a graft). We also
compared the effects of attempting to create a fistula instead of
achieving a usable fistula, which is what matters to patients
and clinicians when making intervention decisions.

We found that just attempting to create a fistula in people
who initiated hemodialysis via a catheter was associated
with a similarly improved mortality to that previously
reported in cohort studies comparing outcomes between
those with a usable fistula and a catheter.® A related study
from our group also reported that hemodialysis patients who
undergo a pre-dialysis attempt at creating a fistula had a
lower risk of death.!® Furthermore, while higher rates of

access-related complications in those receiving hemodialysis
via catheters instead of fistulas (eg, infections) are consid-
ered the causal link between access type and mortality,*® we
previously reported that access-related complications were a
relatively rare cause of death among patients receiving
hemodialysis, regardless of the type of vascular access.'®
Almost all of the causes of death were more common in the
group that did not undergo an attempt at fistula creation,
even those that would not be expected to increase because of
an exposure to a catheter.'® This may suggest that the excess
mortality observed in patients who receive hemodialysis via
a catheter is not due to the catheter, but rather because their
demographics and baseline health are different from those
who undergo an attempted fistula creation.!® In this study,
lack of confounding effects of indicators of access-related
morbidity further supports this interpretation.

Our study is novel. Contrary to current beliefs, we found no
evidence to support that access-related morbidity may mediate
the relationship between attempted fistula creation (the inter-
vention) and death (the outcome). This is because the apparent
benefits of fistula creation remain the same with or without
considering the contribution of these explanatory variables. If
access-related morbidity mediated the effects of fistulas on
mortality, we would have seen the benefits of fistula creation
disappear (partly or completely) after accounting for these
potential mediators. These findings suggest that treatment
selection bias cannot be overcome in observational research
comparing the outcomes of people who receive hemodialysis
via different vascular access types. Healthier patients are more
likely to receive a fistula for hemodialysis and sicker patients
a catheter. Residual confounding may persist after adjustment
of measured confounding (including time-varying confound-
ing), making the observed outcomes more likely to be the
result of the characteristics or health of the included patients
than their vascular access type.” Because catheters are used
predominantly in patients who need to start dialysis urgently
(eg, because of an acute illness), those with limited life expec-
tancy or who would not tolerate a fistula, and in those with
poor vessels, the risk of confounding by indication and treat-
ment selection bias in nonrandomized studies remains
high_9,16,l7

This study’s findings should be considered in the context
of its strengths and limitations. Although our study addressed
many of the limitations of previous cohort studies, we lacked
data on cause of death. There is also likely residual con-
founding and treatment selection bias given that those who
underwent an attempted fistula creation were healthier than
those who continued to receive hemodialysis via a catheter.
Furthermore, less patients in the fistula attempt compared to
the no fistula attempt group (1% vs 18%) recovered kidney
function, suggesting possible unbalanced distribution of
reversible acute kidney injury between groups. The rela-
tively low probability of receiving a fistula for permanent
access (31%) supports this interpretation. Finally, data were
collected between 2004 and 2012. Although the association
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between receipt of a fistula and mortality may have not
changed over the last decade, the probability of receiving a
fistula may have increased in more recent years. Ultimately,
a randomized controlled trial is needed to estimate the effi-
cacy and safety of attempting to create a fistula in people
who initiate hemodialysis via a catheter. Until recently, how-
ever, it was unclear whether clinicians would be willing to
participate in such a trial.?° In a survey of physicians and
trainees involved in the care of patients with end-stage renal
disease, 76% of respondents from Canada, Europe, and
Australasia reported that they would be willing to partici-
pate in a trial comparing fistulas and catheters, suggesting
that equipoise exists regarding the optimal vascular access
strategy.?’ We therefore recently initiated an open-label, pilot
randomized controlled trial to test the feasibility and safety
of randomizing people 55 years old or older who start hemo-
dialysis with a catheter, and are eligible to receive a fistula,
to a catheter- or a fistula-based strategy (ClinicalTrials.gov
identifier: NCT02675569).%

This study has important implications for patient care,
developing future clinical practice guideline and policy rec-
ommendations, and designing future research. Guidelines,
national initiatives, and patient advocacy groups have until
recently uniformly recommended fistulas as the best form of
hemodialysis access.>” Many jurisdictions dedicate signifi-
cant resources to promoting use of fistulas for hemodialysis
access. The proportion of people using a fistula has also tradi-
tionally been considered a proxy for the quality of care in
hemodialysis access programs. As this study and others sug-
gest that the evidence to support these recommendations and
initiatives is at high risk of bias, there is an immediate need for
appropriately designed randomized controlled trials to con-
firm that these efforts to promote fistulas are appropriate and
cost-effective. Qualitative studies are also needed to evaluate
how vascular access type recommendations can be more
responsive to patient and clinician preferences and needs.
Until results of these studies are available, they may also imply
that choices regarding vascular access type for people who are
candidates for a fistula or catheter can be individualized and
based on their different benefits and limitations. This is sup-
ported by the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative (NKF-KDOQI) 2019 guideline
update, which has shifted from fistula first to “life plans,”
which focus on patient-centered, shared decision-making
when deciding about the best vascular access strategy for indi-
vidual patients.?

Conclusions

In this multicenter, Canadian, retrospective cohort study,
people who started hemodialysis via a catheter and under-
went an attempt at fistula creation after starting hemodialysis
had a significantly reduced mortality. The reduced mortality
in these people could not be explained by differences in

baseline characteristics, days spent in hospital, or vascular
access—related procedures. Therefore, much of the excess
mortality observed in patients treated with catheters may be
due to residual confounding or treatment selection bias. This
finding has important implications for patient care, develop-
ing future clinical practice guideline and policy recommen-
dations, and designing future research.
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