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ABSTRACT

Background. We describe differences for probability of receiving a fistula attempt, achieving fistula use, remaining catheter-
free and the rate of access-related procedures as a function of sex.

Methods. Prospectively collected vascular access data on incident dialysis patients from five Canadian programs using the
Dialysis Measurement Analysis and Reporting System to determine differences in fistula-related outcomes between women
and men. The probability of receiving a fistula attempt and the probability of fistula use were determined using binary
logistic regression. Catheter and fistula procedure rates were described using Poisson regression. We studied time to fistula
attempt and time to fistula use, accounting for competing risks.

Results. We included 1446 (61%) men and 929 (39%) women. Men had a lower body mass index (P<0.001) and were more
likely to have coronary artery disease (P<0.001) and peripheral vascular disease (p<0.001). A total of 688 (48%) men and 403
(43%) women received a fistula attempt. Women were less likely to receive a fistula attempt by 6 months fodds ratio [OR]
0.64 [95% confidence interval (CI) 0.52–0.79]g and to achieve catheter-free use of their fistula by 1 year [OR 0.38 (95% CI 0.27–
0.53)]. At an average of 2.30 access procedures per person-year, there is no difference between women and men [incidence
rate ratio (IRR) 0.97 (95% CI 0.87–1.07)]. Restricting to those with a fistula attempt, women received more procedures [IRR
1.16 (95% CI 1.04–1.30)] attributed to increased catheter procedures [IRR 1.50 (95% CI 1.27–1.78)]. There was no difference in
fistula procedures [IRR women versus men 0.96 (95% CI 0.85–1.07)].
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Conclusion. Compared with men, fewer women undergo a fistula attempt. This disparity increases after adjusting for
comorbidities. Women have the same number of fistula procedures as men but are less likely to successfully use their
fistula.

Keywords: catheter, fistula, hemodialysis, sex differences, vascular access

INTRODUCTION

Arteriovenous fistulas are the preferred type of vascular access
for hemodialysis due to lower rates of complications and mortal-
ity as compared with catheter use [1–4]. Although fistulas are ac-
tively promoted, more women use catheters at initiation
of dialysis [5, 6] and fewer women receive [7] and use a fistula
[8–10]. These vascular access differences may contribute to the
increased mortality risk in young women starting hemodialysis
[11]. While sex as a risk factor for fistula maturation failure is ac-
knowledged in clinical prediction tools [12, 13], the reasons for
poor fistula outcomes among women are unclear. These may be
related to biology (sex) or sociocultural determinants of health
(gender) influencing fistula creation and subsequent use. There
are biological differences in the prevalence of chronic kidney dis-
ease (higher prevalence among women), vessel size and structure
[14, 15] and gender differences that influence the timing of renal
replacement therapy (more women choose conservative therapy
and those who choose to start dialysis do so at a lower GFR, indi-
cating a later start [16]). Women are older than men at initiation
of hemodialysis, but men tend to have more comorbidities, mak-
ing it difficult to interpret the net interaction of sex and comor-
bidities on fistula creation and use.

Vascular access is responsible for a significant amount of mor-
bidity and mortality in hemodialysis patients. An unreliable or
nonfunctional access will significantly impact quality of life and
lead to an increased number of procedures and hospitalizations
[17]. Fistulas are promoted in guidelines as the first choice of ac-
cess for both women and men despite the lack of evidence to
guide decisions. Why fewer women use a fistula is unknown, but
understanding potential barriers to fistula use has the possibility
of making a difference in their mortality risk. We do not know if
similar efforts at fistula creation are made among women as
among men, since most studies include selected cohorts in whom
a fistula attempt has already occurred. We do not know if the
probability of independent fistula use over time is comparable in
women and men. It is not known whether procedure rates, time
to successful fistula use (defined by catheter removal or catheter
avoidance) and the proportion of time spent catheter-free differ
between women and men. This information would be useful in
order to allow women and men to make an informed choice about
vascular access options and provide the impetus for future re-
search into sex and gender differences in vascular access.

We sought to describe the differences between men and
women with regard to the probabilities of receiving a fistula at-
tempt, achieving independent fistula use (i.e. achieving
catheter-free status), remaining catheter-free over time and the
rate of access-related procedures as a function of sex in a cohort
of Canadian incident hemodialysis patients.

MATERIALS AND METHODS
Data source

We used data from five Canadian dialysis programs (Alberta
Kidney Care South, Manitoba Renal Program, Sunnybrook

Health Sciences Centre, London Health Sciences Center and the
Ottawa Hospital) using the Dialysis Measurement Analysis and
Reporting System, which prospectively collects detailed clinical
information on incident dialysis patients [18–20]. To ensure
data quality, all data elements were reviewed by experts. Data
elements included demographics, comorbidities, laboratory val-
ues, history of predialysis care and changes in status (e.g. mo-
dality switch, death, etc.). In addition, all vascular access
procedures are captured, permitting construction of a longitudi-
nal record of vascular access use, including the type of vascular
access in use and the start and stop dates of each period of use.

Study design

Adults (�18 years of age) who started hemodialysis between 1
January 2004 and 31 May 2012 were eligible for this study. We
excluded people who initiated hemodialysis following a failed
kidney transplant, transitioned to peritoneal dialysis within 6
months of hemodialysis initiation, had a life expectancy of <1
year at hemodialysis initiation due to dialysis-unrelated rea-
sons, such as metastatic cancer or other terminal illness, or
used an arteriovenous graft at hemodialysis initiation (<5% of
people starting dialysis in Canada) [19]. We followed partici-
pants from the start of hemodialysis until the earliest of death,
kidney transplantation, loss to follow-up, transfer out of the
program, switch to peritoneal dialysis, recovery of kidney func-
tion or the end of the study period. The research ethics boards
at each of the five participating sites granted ethics approval for
this study.

Exposure

We examined differences in fistula-related outcomes between
women and men as defined by biological sex.

Outcomes

Outcome 1: Probability of receiving an attempt at fistula
creation. Our first outcome of interest was whether the patient
would receive a fistula attempt (including prior to hemodialysis
start), measured in two ways: the overall probability of receiving
a fistula creation attempt by 6 months (yes/no—restricted to
patients with at least 6 months of follow-up) and time to a fis-
tula creation attempt.

Outcome 2: Probability of successful fistula use. This analysis
was restricted to patients who received a fistula attempt. We
defined successful fistula use as independent use of a fistula for
hemodialysis (i.e. without a catheter in place). We measured
this outcome in three ways: probability of use within 1 year of
dialysis (yes/no—restricted to patients with at least 1 year of
follow-up), time to fistula use and proportion of follow-up time
spent catheter-free. Follow-up was from dialysis start for fistu-
las created before dialysis start and from the creation attempt
for fistulas created after dialysis start.
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Outcome 3: Access-related procedures. We analyzed the count
of access-related procedures (surgical and radiology) prior to
the start of dialysis (i.e. baseline number of procedures at begin-
ning of follow-up) and the rate of access-related procedures af-
ter dialysis start. Procedures were then subcategorized as
catheter related or fistula related. Rates were defined as the av-
erage number of procedures per person-year of follow-up.

Statistical analyses

Standard methods for quantitative data to summarize baseline
characteristics and binary logistic regression were used to ob-
tain odds ratios (ORs) for the outcome of receiving and using a
fistula. For time-to-event analyses (time to attempt and time to
use), we examined the cumulative incidence of each event,
treating death, transplant, recovery of kidney function and
starting peritoneal dialysis (PD) as competing risks. The Fine
and Grey method estimated subhazard ratios [21]. We analyzed

the probability of catheter-free use for each day of follow-up us-
ing logistic regression of repeated Bernoulli trials within
subjects, using robust variances to account for the dependency
(correlations) in the data. Finally, crude procedure rates and
counts with 95% confidence intervals (CIs) were described using
Poisson regression. To obtain incidence rate ratios (IRRs), proce-
dure rates were modeled using negative binomial regression to
account for overdispersion in the data.

Regression models were adjusted for age, a history of diabe-
tes mellitus or cardiovascular disease [including coronary artery
disease (CAD), congestive heart failure, cerebrovascular disease
and peripheral vascular disease] and whether the patient
started dialysis as an inpatient. Stata 14 was used for all analy-
ses (StataCorp, College Station, TX, USA).

RESULTS
Demographics

After applying the exclusion criteria, 929 (39%) women and 1446
(61%) men were included in this study (Figure 1). Women had a
higher body mass index (BMI; P< 0.001) and were less likely to
have CAD (P< 0.001) and peripheral vascular disease (P< 0.001)
than men (see Table 1). Only 13% (118 women) were <47 years
old. There were no differences between women and men in
terms of age (P¼ 0.34), diabetes (P¼ 0.13), congestive heart fail-
ure (P¼ 0.15), cerebrovascular disease (P¼ 0.37) and cancer
(P¼ 0.58). There were no statistically significant differences in
the number of inpatient or intensive care unit dialysis starts,
but slightly more women had predialysis care (79% versus 75%;
P¼ 0.01).

Follow-up

The median follow-up time from dialysis start was 1 year and
did not differ between women and men. The most common rea-
son for exiting the study was reaching the end of study date
(47%), followed by death (27%), recovery of kidney function
(10%), transfer to another program (7%), receipt of kidney trans-
plant (5%) and transfer to PD (3%). Loss to follow-up was negligi-
ble (<1%). Women were more likely to reach the end of study
date (51% versus 45%; P¼ 0.006), while men were slightly more
likely to receive a transplant (6% versus 4%; P¼ 0.02) or recover
kidney function (11% versus 9%; P¼ 0.05).

Probability of receiving an attempt at fistula creation

Overall, 403 (43%) women and 688 (48%) men received a fistula
creation attempt. Of those who received a fistula attempt, there
were no statistically significant differences in the number of
attempts (up to three) or how many creations occurred before
dialysis initiation versus after dialysis initiation. For those with
6 months of follow-up, 288 (44%) women and 538 (54%) men re-
ceived a fistula attempt by 6 months. The modeled probability
adjusting for covariates (age, diabetes, cardiovascular disease
and inpatient starts) suggested women were less likely to re-
ceive a fistula creation attempt by 6 months [OR 0.64 (95% CI
0.52–0.79)].

In our analysis of time to fistula creation, accounting for
competing risks, we found that at 6 months after dialysis start,
37% of women and 43% of men received a fistula attempt, and
at 12 months the proportions were 43% and 49%, respectively
[adjusted hazard ratio (HR) women versus men 0.83 (95% CI
0.73–0.93); Figure 2].

Type of fistula creation. Despite the policy of distal fistula first,
there is a significant difference in the site of placement of the
fistula between men and women (P < 0.0001). Table 2 shows the
distribution of fistula placement according to sex; the most
common type of fistula in women is a radiocephalic fistula and
in men it is a brachiocephalic fistula.

Probability of successful fistula use

A total of 727 patients (261 women and 466 men) had at least 1
year of follow-up. At 1 year, 147 (56%) women and 354 (76%)
men achieved catheter-free use of their fistula. Modeled proba-
bility adjusting for covariates indicated that women were less
likely to achieve catheter-free use than men [OR 0.38 (95% CI
0.27–0.53)].

Time-to-first-use analysis accounting for competing risks
showed that 44% of women achieved catheter-free use by 6
months compared with 56% of men, and at 12 months, it was
53% and 71%, respectively [HR women versus men 0.65 (95% CI
0.56–0.76); see Figure 3].

The crude average follow-up time spent catheter-free was
37% for women and 52% for men. Modeled probability adjusting
for covariates suggests women were less likely to use their
fistula catheter-free per day of follow-up [OR 0.42 (95% CI
0.32–0.56)].

Access-related procedures

Overall, there was an average of 2.30 procedures per person-
year after the start of dialysis, with no significant difference be-
tween women and men [adjusted IRR women versus men 0.97
(95% CI 0.87–1.07); see Table 3]. Restricting the cohort to the
catheter-only group, women received fewer catheter-related
procedures than men [IRR women versus men 0.80 (95% CI 0.67–
0.95)]. Restricting the cohort to those who received a fistula at-
tempt, women received more procedures overall [IRR women
versus men 1.16 (95% CI 1.04–1.30)], which was due to increased
catheter-related procedures [IRR women versus men 1.50 (95%
CI 1.27–1.78)]. There was no difference in the total number of
fistula-related procedures in this subcohort [IRR women versus
men 0.96 (0.85–1.07)] nor the number of fistula-related interven-
tions [IRR women versus men 0.93 (0.80–1.08)]. Counts of proce-
dures before dialysis were similar between women and men.
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DISCUSSION

Our study of Canadian incident hemodialysis patients reveals
differences in vascular access management and outcomes be-
tween women and men. We found that, as compared with men,
fewer women underwent a fistula creation attempt. This sex
disparity increased after adjusting for comorbidities, with
women less likely to undergo fistula creation surgery. Even with
more time on dialysis, these differences did not improve. Not
only did women have fewer fistula creations, they also spent
more time with a catheter and took longer to achieve catheter-
free use of their fistula. Men were almost three times more
likely to achieve catheter-free use of their fistula. Despite the
fact that women were less likely to have a successful fistula, we
did not find any overall differences in the number of access-
related procedures, although in the cohort that had a fistula at-
tempt, women had significantly more catheter-related
procedures.

Similar to our findings, large cohort studies indicate that
women are less likely than men to receive a fistula [7, 9, 10] and

use a fistula on dialysis (OR 0.85) [8, 10]. Woodside et al. [9] also
noted fewer women within a prevalent hemodialysis cohort
had a fistula placed (43% versus 57% men) and used the fistula.
Catheter use at the time of dialysis start is consistently higher
in women than men [5, 6]. Recent US data reveal a persistent
difference in fistula use at 1 year in a cohort of patients >65
years of age (56% women versus 71% men) [10], findings that are
similar to those of our younger cohort.

Notably, some non-North American studies have found no
sex difference in vascular access outcomes [22] or even better
outcomes in women [23], which leaves one to question whether
some of the vascular access disparity has a possible gender
component. Access to predialysis care may increase the oppor-
tunity for timely referral to surgery and subsequent fistula crea-
tion prior to dialysis start. In our study, slightly more women
received predialysis care, and yet more men underwent fistula
creation. Access to surgeons or the willingness of surgeons to
create fistulas may be different in women, implying inequity in
gender-related access to care similar to other areas of medicine
[24, 25]. Alternatively, surgeons may be appropriately

Started dialysis
1 January 2004 – 31 May 2012

(n=3, 145)

Dialysis with
fistula or catheter

(n=2, 375)

Catheter
(n=526)

Fistula
(n=403)

Catheter
(n=758)

Fistula
(n=688)

Pre
(n=189)

Post
(n=214)

Pre
(n=319)

Post
(n=369)

Women
(n=929)

Men
(n=1446)

Excluded:

Peritoneal dialysis
started or planned

(n=669)

Started dialysis
using a graft

(n=19)

Key information
missing on modality use

(n=11)

Life expectancy less
than one year for non-

dialysis-related conditions
(n=71)

FIGURE 1: Cohort creation. Description of study cohort.
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determining that the vasculature of women is unsuitable for fis-
tula creation and making the choice to avoid fistula placement
or to place the fistula at a more proximal site (brachiocephalic)
that is associated with better success rates. However, the

center-dependent fistula creation rate (data not shown) varies
widely, with some centers attempting fistulas equally between
men and women while others have more attempts in men,
showing variability in fistula care.

In our study, we found that even after a fistula was created,
women had prolonged exposure to catheters and were less
likely to successfully use their fistula. Whether this represents a
sex difference in fistula maturation or a gender difference with
more women choosing to use a catheter is unknown. Women
perceive pain differently than men [26], which might be a factor
leading to more women choosing to avoid fistula use, perhaps
for fear of pain with cannulation. We did find more catheter-
related procedures in women with fistula creation. Since the
duration of catheter exposure and the number of catheter inser-
tions are associated with reduced fistula maturation [27], the
higher number of catheter procedures and the longer time of
exposure to catheters may contribute to reduced successful fis-
tula use seen in women.

The disparity in fistula creation and use between men and
women is not explained by the clinical and demographic patient
characteristics captured in our dataset. We found that periph-
eral vascular disease and CAD, which are associated with a
higher risk of fistula failure [12, 13], were less frequent in
women. BMI was higher in women, but the effect of BMI as a
risk factor for fistula failure is not well established [12].

Other factors that may impact fistula maturation and suc-
cessful use include vein size at the time of creation and assisted
maturation interventions. We do not have data on vessel size at
the time of fistula creation, however, vessel size does not ap-
pear to be sex dependent when using objective [27] ultrasound
criteria [28]. In our study, we found that while women had the
same number of fistula procedures as men, they were less likely
to use their fistula. This is similar to the observations by
Wilmink et al. [29] in which women had lower rates of matura-
tion regardless of the type of fistula. If differences in biology
lead to reduced fistula maturation in women, one might expect

Table 1. Patient characteristics

Variable

Women
(n¼ 929)

Men
(n¼ 1446)

P-
value

Age (years), mean (SD) 65.4 (15.1) 64.8 (15.0) 0.34
BMI, mean (SD) 29.4 (98.6) 28.0 (7.0) <0.001
eGFR at start of dialysis, mean (SD) 9.5 (5.9) 10.3 (5.8) 0.001
Diabetes, n (%) 539 (58) 793 (55) 0.13
Cardiovascular disease (any), n (%) 504 (54) 839 (58) 0.07
CAD, n (%) 296 (32) 567 (39) <0.001
Congestive heart failure, n (%) 284 (31) 402 (28) 0.15
Cerebrovascular disease, n (%) 137 (15) 233 (16) 0.37
Peripheral vascular disease, n (%) 119 (13) 309 (21) <0.001
Cancer, n (%) 176 (19) 261 (18) 0.58
Started dialysis as inpatient, n (%) 534 (58) 873 (60) 0.16
Started dialysis in the ICU, n (%) 149 (16) 237 (16) 0.82
Any predialysis care, n (%) 739 (79) 1082 (75) 0.01
Four months of predialysis care, n (%) 604 (65) 905 (63) 0.23
Twelve months of predialysis care, n (%) 488 (53) 726 (50) 0.27

eGFR, estimated glomerular filtration rate; ICU, intensive care unit.
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FIGURE 2: Time to fistula creation. Cohort includes those with and without fis-

tula attempts. The y-axis is the cumulative incidence of patients receiving a fis-

tula creation attempt, accounting for the competing risks of death, transplant,

recovery of kidney function and transfer to PD. The x-axis is the time from dialy-

sis start in months (note some patients received a fistula attempt prior to start-

ing dialysis).

Table 2. Anatomic location of fistula

Fistula type

Sex

Male, n (%) Female, n (%)

Brachiobasilic 35 (7) 25 (9)
Brachiocephalic 169 (35) 169 (61)
Radiocephalic 284 (58) 84 (30)
Total 488 (100) 278 (100)

Men
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FIGURE 3: Time to first catheter-free use of a fistula. Cohort includes only those

with a fistula attempt. The y-axis is the cumulative incidence of patients achiev-

ing catheter-free use of their fistula, accounting for the competing risks of death,

transplant, recovery of kidney function and transfer to PD. The x-axis is the time

from dialysis start (for those with a predialysis fistula attempt) or from a fistula

creation attempt (for those with a postdialysis initiation fistula attempt) in

months (note some patients began dialysis with a functioning fistula).
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to find more fistula interventions in women in an effort to pro-
mote fistula function. Others have shown that women are more
likely to require a salvage procedure to promote fistula matura-
tion [10, 14, 30, 31], but the likelihood of maturation after a pro-
cedure is similar among women and men [14]. The similar
numbers of fistula interventions despite reduced fistula use in
women may suggest reduced access to salvage therapies for
women.

Our study is different from most in that it included all inci-
dent HD patients regardless of whether they receive a fistula at-
tempt and it is not restricted to patients >65 years of age [10]. By
including all incident hemodialysis patients, our study provides
an opportunity to determine the sex-specific probability of re-
ceiving fistula surgery and of achieving catheter-free use of the
fistula or remaining with a catheter over time. Other strengths of
our study include a robust dataset that is collected in a prospec-
tive manner from multiple centers across Canada. Limitations
include the lack of detail on fistula maturation and fistula cannu-
lation, thereby limiting the ability to understand the reasons for
prolonged catheter use. Information such as vessel diameter, fis-
tula flow rates, fistula maturation and patient preference are ab-
sent from our dataset but could be useful to explain sex and
gender differences in vascular access outcomes. The study does
not include details such as the timing of referral for access crea-
tion or the thresholds for access intervention. The lack of qualita-
tive data regarding patient preference or provider reasons for
fistula-related procedures is another limitation of the study. The
dataset does not include menopause status, but since the me-
dian age of menopause is 47 years in a dialysis cohort [32],

premenopausal women are underrepresented in our sample
(only 118 or 13% were <47 years old). Patients were classified
according to self-identified binary gender and this was assumed
to be representative of biological sex for data analysis purposes.
Finally, our dataset does not capture other potential gender-
based variables, like education or socioeconomic status, that
may impact on fistula creation and/or use.

In conclusion, we found differences between women and
men in the likelihood of receiving a fistula creation attempt or
successful use of a fistula among incident hemodialysis
patients. It is possible that the lower fistula use in women may
have health implications. We have previously shown that re-
gardless of sex, fistula use is associated with better patient sur-
vival and fewer infections [33]. Similarly, although not
statistically significant, in this study we also found more deaths
in the catheter-only group as compared with those who under-
went a fistula attempt (P¼ 0.08), regardless of sex.

Gender- and sex-specific effects may underlie the vascular
access differences we observed. The choice to abandon a fistula
or a differential access to fistula surgery or fistula salvage inter-
ventions is possibly driven by gender factors. We do not know
the influence of biology or behavior on vascular access out-
comes between men and women, but the nephrology commu-
nity needs to be aware of this disparity. This critical area of
future research should include gender- and sex-related differ-
ences in vascular access care and outcomes. Further knowledge
in these areas will allow for policy development and informed
decision-making regarding vascular access options for both
women and men.

Table 3. Counts and rates of procedures before and after dialysis initiation

Full cohort
(N¼ 2375)

Catheter-only cohort
(N¼ 1284)

Fistula cohort
(N¼ 1091)

Procedure

Women
(n¼ 929)

Men
(n¼ 1446)

Women
(n¼ 526)

Men
(n¼ 758)

Women
(n¼ 403)

Men
(n¼ 688)

Procedure rates (95% CI) per person-year after the start of dialysis
Adjusted IRR women versus men (95% CI)

Total procedure rates 2.34
(2.27–2.42)

2.30
(2.23–2.37)

2.35
(2.22–2.48)

2.94
(2.82–3.08)

2.34
(2.24–2.44)

2.04
(1.97–2.11)

IRR 0.97 (0.87–1.07) *IRR 0.80 (0.67–0.95) *IRR 1.16 (1.04–1.30)
Catheter related 2.35

(2.22–2.48)
2.94

(2.82–3.08)
1.16

(1.09–1.23)
0.82

(0.78–0.86)
*IRR 0.80 (0.67–0.95) *IRR 1.50 (1.27–1.78)

Fistula related 1.18
(1.11–1.25)

1.22
(1.16–1.27)

IRR 0.96 (0.85–1.07)
Fistula intervention 0.88

(0.82–0.94)
0.92

(0.88–0.97)
IRR 0.93 (0.80–1.08)

Procedure counts (95% CI) per person prior to the start of dialysis
Total 1.15

(1.08–1.22)
1.13

(1.08–1.19)
1.00

(0.92–1.09)
1.00

(0.93–1.07)
1.35

(1.23–1.47)
1.28

(1.20–1.37)
Catheter related 1.00

(0.92–1.09)
1.00

(0.93–1.07)
0.73

(0.65–0.82)
0.68

(0.62–0.74)
Fistula related 0.62

(0.55–0.70)
0.60

(0.55–0.67)
Fistula related (intervention) 0.12

(0.09–1.55)
0.10

(0.08–0.12)

Crude Poisson rates per person-year with 95% CI. IRR from negative binomial regression models, adjusting for age, gender, diabetes, cardiovascular disease and inpa-

tient dialysis start. Crude Poisson counts per person and 95% CIs.

*p<0.001.
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