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Abstract. The creation of fistulas or grafts before starting
dialysis is recommended, but whether it reduces major adverse
events is largely unknown. The objective of this study was to
determine if early access creation was associated with a reduced risk of hospitalization from sepsis and mortality. Fistulas
or grafts created at least 4 mo before starting hemodialysis
were defined as Early creations (n ⫽ 1240), and accesses
created between 4 mo and 1 mo before starting hemodialysis
were defined as Just Prior creations (n ⫽ 997). Accesses
created within 1 mo of starting dialysis or after were defined as
Late creations (reference group, n ⫽ 3687). Hemodialysis
catheter use was defined as insertion, removal, or manipulation
of a catheter before the occurrence of sepsis. Eighty percent of

accesses were fistulas. Early access creation was associated
with a relative risk (RR) of sepsis of 0.57 (95% CI, 0.41 to
0.79) compared with Late access creation. Catheter use increased the risk of sepsis by 1.41 (95% CI, 1.14 to 1.81). The
risk of sepsis with Early creation decreased to 0.48 (95% CI,
0.35 to 0.65) if catheter use was not adjusted. Early access
creation was associated with lower mortality (RR 0.76; 95% CI
0.58 to 1.00), but this association became nonsignificant if
catheter use and sepsis were adjusted. Catheter use and sepsis
independently increased mortality. This study demonstrates
that fistula creation at least 4 mo before starting chronic hemodialysis is associated the lowest risk of sepsis and death,
primarily by reducing the use of hemodialysis catheters.

Persons with chronic kidney disease should be referred early to
nephrologists for predialysis care. Persons who receive predialysis care have a slower progression of kidney disease, receive
more appropriate care, and have reduced morbidity and mortality (1– 6). An important aspect of predialysis care is the
timely creation of vascular access, particularly fistulas. National guidelines recommend that fistulas should be created
when a person’s creatinine clearance is less than 25 ml/min, or
when their serum creatinine is greater than 4 mg/dl (353
mol/L), or within 1 yr of expected start of hemodialysis (7).
Another target is that fistulas should be created 3 to 4 mo
before use and that grafts should be created 3 to 6 wk before
use (7). Despite these recommendations, approximately one
third of persons starting chronic hemodialysis therapy are
referred late for predialysis care, and between 30 and 60% use
a catheter as their initial vascular access (8,9).
Hemodialysis patients who use a catheter for vascular access
are at risk for catheter-related complications, including bacteremia and sepsis (10). Catheters are a consistent risk factor for
sepsis in persons receiving hemodialysis (11,12). The rate of
bacteremia in persons using tunneled, cuffed catheters for

hemodialysis vary greatly; however, they average 1 to 2 cases
per 1000 catheter-days, or approximately 20% over the duration of use (10). Sepsis is associated with a very high mortality
rate (13). Infection is also the second leading cause of death of
persons receiving chronic hemodialysis (14).
The objective of this population-based study was to describe
the timing of permanent access creation in Ontario, Canada,
and to determine if early permanent vascular access creation
was associated with a reduced risk of sepsis. The secondary
objective was to determine if early access creation was associated with reduced mortality in the first year of hemodialysis.
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Materials and Methods
Data Sources
Records from April 1, 1994, to March 31, 2001, were reviewed
from several administrative databases at the Institute for Clinical
Evaluative Sciences (Toronto, Ontario, Canada). The administrative
databases included the Ontario Health Insurance Plan (OHIP) database, the Registered Persons Database (RPDB), the Canadian Institute
for Health Information (CIHI) database, the Ontario Diabetes Database (ODD), and census data. OHIP provides universal health insurance for Canadian citizens or legal immigrants who live in Ontario for
the majority of the year. In Ontario, more than 94% of physicians are
reimbursed for clinical care by OHIP (one-payer system). Billing
records were used to identify dialysis procedures, kidney transplants,
permanent access creations, and hemodialysis catheter-related procedures. RPDB contains vital status, age, gender, and location of residence of each person with a valid OHIP health card in Ontario. The
CIHI database contains demographic and clinical information regarding all hospital admissions, discharges, and same-day surgeries in
Canada, including transfers and deaths. Trained hospital staff mem-
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bers transcribe the information from medical charts using standard
diagnosis and procedure codes (ICD-9 and Canadian Classification of
Procedures). The Ontario Diabetes Database (ODD) is a retrospective
cohort of persons who have had at least two OHIP records or one
CIHI record bearing a diagnostic code for diabetes. The database has
been validated against the Ontario Drug Benefit Program database,
where persons made claims for oral hypoglycemics or insulin. The
ODD has also been validated by comparison with the National Population Health Survey and primary data collection (15). Census data
were used to determine median household income by assigning the
neighborhood level income quintiles to the person on the basis of their
home residence postal code (16). To protect privacy, all data linkage
was done via encrypted OHIP numbers. The Research Ethics Board
approved the study.

Definitions of the Study Population and Outcomes
Persons starting chronic hemodialysis were defined as Ontario
residents aged 18 years and older who received hemodialysis for a
period of at least 90 d and who had no record of hemodialysis in the
2 yr before the study start. Hemodialysis billing records were reviewed for the year following the study period to capture persons
starting chronic dialysis late in the study period. First permanent
access creation was defined as a fistula or graft created within 3 yr
before starting hemodialysis or within 1 yr of starting hemodialysis.
We excluded persons who never had a fistula or graft created, restricting the study to those persons who had a medical indication and
consented to create a permanent access. Patients having a kidney
transplant before the start of hemodialysis were also excluded, as they
may have had remote access creation. Catheter use (yes/no) was
defined as an OHIP record of an insertion, removal, or manipulation
of a hemodialysis catheter before the occurrence of sepsis during the
study period. The data were not sufficiently accurate to define periods
of catheter use. Baseline comorbidity was first defined by reviewing
CIHI data 5 yr before starting hemodialysis and calculating the
Charlson-Deyo Index for administrative data (17). The two diabetes
components of the index were removed, and a separate variable for
diabetes status was defined using the ODD. All patients were assumed
to have renal disease. Healthy starts were defined as those persons
who started hemodialysis as an outpatient with a Charlson-Deyo
Index score of 0.
The timing of permanent access creation relative to the start date of
hemodialysis was grouped in monthly intervals (e.g., 1 mo prior, 1 mo
after, 2 mo prior, 2 mo after, etc.). Monthly interval groups at similar
absolute risk of sepsis were then collapsed into three groups: Early
access creation, those with permanent access created at least 4 mo
before starting hemodialysis; Just prior access creation, permanent
access created between 4 mo and 1 mo before starting hemodialysis;
Late access creation, permanent access created within 1 mo or after
starting hemodialysis.
The primary outcome was defined as the first hospitalization for
sepsis or bacteremia (hereafter both are referred to as sepsis) within
the first year of hemodialysis. This outcome was based on a hospital
discharge diagnosis with ICD-9 CM codes of 038.0 to 038.9 and 790.7
(see Appendix). Sepsis was excluded if it was coded as a complication
of hospitalization or if it took place during the same hospitalization as
the start of hemodialysis. The administrative data were not sufficiently
detailed to define catheter-related sepsis. Survival of persons in the
first year of hemodialysis was determined by reviewing records in the
RPDB. The observation period for each person was from the start of
hemodialysis to 1 year after.
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Statistical Analyses
Baseline differences among access timing groups were compared
using ANOVA for continuous variables and 2 tests for categorical
variables. Permutation-style adjusted P values were reported while
doing multiple comparisons, using the MULTTEST procedure in
SAS.
The absolute risk of first hospitalization for sepsis was calculated
for each monthly interval group and the collapsed groups. Cox proportional hazards models were used to analyze the time to first
hospitalization for sepsis and death separately within the first year of
starting hemodialysis. The following covariates, chosen a priori on the
basis of clinical relevance, were entered simultaneously into the
models: age, gender, type of first permanent access, timing of access
(collapsed groups), catheter use, inpatient status at initiation of dialysis, diabetes status, comorbidity index (diabetes variables removed)
second access creation, and an indicator of sepsis (survival model
only). Second access creation and sepsis indicators were both analyzed as time-varying binary covariates such that the value of the
indicator would switch from 0 to 1 at the time of the event. Persons
were censored for death (sepsis model only) or kidney transplant
during their 1-yr follow-up. The proportional hazards assumption was
assessed for the non time-varying covariates by means of interactions
with time. Interactions between timing of access and type of access,
age, gender, and diabetes were also assessed and the likelihood ratio
test was used to compare the models with and without interactions.
The sepsis model was reviewed with and without the catheter use
variable to estimate how it influenced the association between access
timing and sepsis. The mortality model was reviewed with and without the catheter use and sepsis variables to estimate how they influenced the association between access timing and mortality. All analyses were done with SAS version 8.2. A two-sided P ⬍ 0.05 was
deemed statistically significant.

Results
The Study Population
There were 8328 persons who started chronic hemodialysis
between April 1, 1994, and March 30, 2001. Thirteen individuals were excluded because we could not define which type of
access they received (i.e., both fistula and graft procedures
were coded on the same day by the surgeon). Fifty-two persons
were excluded because they had a prior kidney transplant.
Another 173 people were excluded because they were not
eligible for OHIP coverage during the year before starting
dialysis. Finally, 2166 persons were excluded because they did
not have a fistula or graft created 3 yr before or within 1 yr of
starting hemodialysis. The study population consisted of 5924
persons; of those, 4751 (80%) had fistulas and 1173 (20%) had
grafts created. Within the 1-yr follow-up, 538 persons (9.1%)
had died and 176 persons had (3.0%) received transplants.
The baseline characteristics of the Early, Just prior, and the
Late access creation groups are presented in Table 1. Compared with the Late access creation group, persons in the Early
creation group and the Just prior group were younger (P ⫽
0.025 and P ⫽ 0.007), had less comorbidity (P ⬍ 0.001 for
both), were less likely to start hemodialysis as an inpatient (P
⬍ 0.001 for both), were more likely to receive a fistula (P ⬍
0.001 for both), and were less likely to use a catheter (P ⬍
0.001 for both). Persons in the Just prior group were more
likely to be male (P ⫽ 0.006) compared to the Late creation
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Table 1. Baseline characteristics of persons starting chronic hemodialysis by timing of access creation
Variable

Age, mean ⫾ SD
Male, %
Diabetes, %
Comorbidity index,a %
0
1
2
3⫹
Inpatients start, %
Fistula as 1st access, %
Income quintile, mean ⫾ SD
Catheter use, %

Earlyb
Access Creation
(n ⫽ 1240)

Just Priorc
Access Creation
(n ⫽ 997)

Late
Accessd Creation
(n ⫽ 3687)

60 ⫾ 15
64.4
42.9

59 ⫾ 16
66.6
47.7

59.4
18.0
13.5
9.1
22.3
88.1
2.8 ⫾ 1.4
35.9

55.8
21.9
12.2
10.1
23.5
84.3
2.8 ⫾ 1.4
42.5

P-valuee
Overall

Early vs
Late

Just Prior
vs Late

61 ⫾ 16
61.5
46.3

0.001
0.006
0.049

0.025
0.121
0.071

0.007
0.006
0.657

41.3
23.2
18.0
17.5
68.8
76.5
2.8 ⫾ 1.4
89.1

⬍0.001

⬍0.001

⬍0.001

⬍0.001
⬍0.001
0.400
⬍0.001

⬍0.001
⬍0.001
0.429
⬍0.001

⬍0.001
⬍0.001
0.558
⬍0.001

a

Comorbidity index is the Charlson-Deyo Index modified by subtracting the renal disease and diabetes components.
Early access creation group is the creation of a fistula or graft at least 4 mo prior to starting hemodialysis.
c
Just prior creation is the creation of a fistula or graft between 4 and 1 mo prior to starting hemodialysis.
d
Late creation is the creation of a fistula or graft within 1 mo or after starting hemodialysis.
e
Overall P-values calculated using ANOVA for continuous variables and chi-square tests for categorical variables. Permutation-style
adjusted P-values were calculated for multiple comparisons.
b

group. The difference in the presence of diabetes was marginally significant across the three groups but NS when performing multiple comparisons. There was no difference in the
income quintiles across the three groups.

(n ⫽ 1716) in the Early access, Just prior, and Late access
groups was 3.7%, 4.8%, 7.2% (P ⫽ 0.019), respectively. The
risk of sepsis in healthy starts who had fistulas placed early and
had no record of catheter use or second access creation was
1.2%.

Timing of Permanent Access Creation and Absolute
Risk of Sepsis
The majority of persons had a permanent access created
either just before or after starting hemodialysis, creating a
bell-shaped distribution when plotting persons in monthly interval groups (Figure 1, vertical bar). A total of 2729 (46%) of
5924 persons had their first permanent access created before
starting hemodialysis. Catheter use increased when access was
created later, relative to the start of hemodialysis. Catheter use
was detected in 35.9%, 42.5%, and 89.1% of the Early, Just
prior, and Late creation groups, respectively (P ⬍ 0.001). The
median times between starting hemodialysis and access creation for persons starting hemodialysis without permanent access were 62 d for fistulas and 53 d for grafts. The times
between referral to a surgeon and access creation could not be
reliably determined from the databases.
A total of 483 (8.20%) persons were hospitalized for sepsis
within the first year of hemodialysis. The risk of sepsis in the
first year of hemodialysis decreased the earlier the first permanent access was created (Figure 1, line). In the Early access
creation group, the risk of sepsis was 4.4% (55 of 1240). The
risk increased to 6.6% (66 of 997) in the Just prior group and
rose further to 9.0% (365 of 3687) if the access was created
late. There was an unexpected drop in the risk of sepsis for
persons who had access placed more than 9 mo after starting
dialysis; however, the risk was still high compared with the
Early and Just prior groups. The risk of sepsis of healthy starts

Timing of Access Creation, Catheter Use, and Relative
Risk of Sepsis
The adjusted relative risks (RR) of hospitalization for sepsis
in the first year of dialysis in the Early access creation and Just
prior access creation groups were 0.48 (95% CI, 0.35 to 0.65)
and 0.72 (95% CI, 0.54 to 0.95), respectively, relative to those
with Late access creation. This analysis adjusted for differences among the groups in age, gender, type of permanent
access, starting dialysis as an inpatient, diabetes, comorbidity,
and second access creation but not catheter use. When catheter
use was introduced in the model (Table 2), the RR was 1.41
(95% CI, 1.08 to 1.85), and the effect of early access creation
rose to 0.57 (95% CI, 0.41 to 0.79). Other factors independently associated with hospitalization for sepsis were male
gender (P ⫽ 0.043), diabetes (P ⫽ 0.002), inpatient start (P ⫽
0.022), and graft use (P ⫽ 0.038). Second access creation was
associated with a trend for increased sepsis (P ⫽ 0.079).
Diabetes and access type had significant interactions with time,
indicating that their association with sepsis increases over
time. The RR for these variables in Table 2 are averages
over time. Age and comorbidity index were not associated with
risk of sepsis in the first year of chronic hemodialysis. There
was no significant interaction between the timing of access
placement and type of access, age, gender, and diabetes.
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Figure 1. Risk of sepsis in persons starting chronic hemodialysis by timing of permanent access creation in monthly intervals. The vertical bars
and the accompanying number are the number of people who had a permanent access created in that month relative to the start of chronic
hemodialysis. The gray portion of the vertical bar is the number of persons with no detected catheter use in administrative data. The white
portion of the vertical bar is the number of people with catheter used detected. Most accesses are placed just before or after the initiation of
dialysis, but 593 had access created 9 mo or more before starting hemodialysis (first gray bar). The line represents the absolute risk of being
hospitalized for sepsis in that monthly group in the first year of dialysis. The earlier the access is placed, the less use of catheters and the lower
the risk of hospitalization from sepsis.

Timing of Access Creation, Catheter Use, Sepsis, and
Mortality
Persons with and without sepsis had a crude 1-yr mortality
rate of 18.3% compared with 8.3% (P ⬍ 0.001), respectively.
Early access creation had a RR of mortality of 0.76 (95% CI,
0.58 to 1.00) compared with Late access creation not adjusting
for catheter use or sepsis. When catheter use alone was introduced in the model, its RR for death was 1.56 (95% CI, 1.21
to 2.01) and the benefit of early access creation was eliminated
(RR, 0.94; P ⫽ 0.67). When sepsis was introduced in the
model, its RR was 3.13 (95% CI, 2.48 to 3.94); however, early
access creation still showed a trend toward increased survival
(RR, 0.80; P ⫽ 0.11). When both catheter use and sepsis were
introduced into the mortality model, the RR of early access
creation, catheter use, and sepsis were 0.95 (95% CI, 0.71 to
1.27), 1.49 (95% CI, 1.16 to 1.91), and 3.06 (95% CI, 2.43 to
3.87), respectively. Other significant risk factors for mortality
were age (P ⬍ 0.001), comorbidity index (P ⬍ 0.001), and
using a graft for access (P ⫽ 0.003).

Discussion
The primary objective of this study was to determine if early
access creation reduced hospitalization for sepsis in the first
year of hemodialysis. Almost half of the persons had perma-

nent access created before starting hemodialysis, with 80%
being fistulas. Early access creation was associated with a 43%
reduction in the risk of sepsis and a 24% reduction in the risk
of death. The greatest reduction in sepsis and death was seen
when fistulas were created at least 4 mo before starting hemodialysis, which supports the opinion-based K/DOQI guidelines.
This lead-time was associated with 36% catheter use, which
was the lowest use in the study but was still substantial.
Persons who had access created within 1 mo of starting hemodialysis had a slightly reduced risk of catheter use but did not
have a reduced risk of sepsis. Avoidance of catheters explained
only a portion of the reduced risk of sepsis associated with
early access creation. In contrast, avoidance of catheter use
appeared to explain the majority of mortality benefit associated
with early access creation, although sepsis was still strongly
associated with death.
These findings link observations of other studies examining
access, sepsis, and mortality. The risk of sepsis in dialysis
patients averages approximately 10% per year, and those patients who experience sepsis have twice the mortality of those
who do not (11,12,18,19). Case fatality rates are as high as
26% in some centers (13). In cross-sectional studies, catheter
use is associated with increased mortality from infection (20).
Catheter use has also been associated with death from cardiac
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Table 2. Risk factors for being hospitalized for sepsis in the first year of chronic hemodialysis, including timing of
permanent access creation
Group

% (n ⫽ 5924)

Hazard Ratio

Within 1 month prior/after
1 to 4 mo prior
⬎4 mo prior

62.2
16.8
20.9
70.1
24.4
28.5
28.9
18.3
63.0
80.2
19.8
51.5
45.8
47.5
21.9
16.1
14.5
34.1

1.00
0.82
0.57
1.41
1.00
0.85
0.87
0.86
1.22
1.00
1.26
1.28
1.34

Risk Factor

Access timing

Catheter use
Age at start of dialysis (yr)

Gender
Access type
Started dialysis as inpatient
Diabetes
Comorbidity scorea

⬍50
50 to 64
65 to 74
75⫹
Male
Fistula
Graft

0
1
2
3⫹

2nd access creationb

0.99
1.16
1.14
1.23

P-value

95% CI

0.197
⬍.001
0.012

(0.61 to 1.11)
(0.41 to 0.79)
(1.08 to 1.84)

0.196
0.284
0.287
0.043

(0.66
(0.68
(0.64
(1.01

to
to
to
to

0.038
0.022
0.002

(1.01 to 1.55)
(1.04 to 1.57)
(1.12 to 1.61)

0.902
0.265
0.361
0.079

(0.77
(0.90
(0.87
(0.98

to
to
to
to

1.09)
1.12)
1.14)
1.48)

1.26)
1.50)
1.49)
1.55)

The number of hospitalizations for sepsis was 483 (8.20%).
a
Comorbidity score is the Charleson-Deyo index modified by subtracting the renal disease and diabetes components.
b
2nd Access creation is defined as a time-dependent covariate.
The relative risks of sepsis in the Early access creation and the Just prior access creation groups were 0.48 (95% CI, 0.35 to 0.65) and
0.72 (95% CI, 0.54 to 0.95), respectively, if catheter use was not included in the model.

Table 3. Risk factors for mortality in the first year of hemodialysis including timing of access
Risk Factor

Group

% (n ⫽ 5924)

Hazard Ratio

Timing of access creation

Late
Just prior
Early
⬍50
50 to 64
65 to 74
75⫹
Yes
Fistula
Graft
Yes
Yes
0
1
2
3⫹

62.2
16.8
20.9
24.4
28.5
28.9
18.3
63.0
80.2
19.8
51.5
45.8
47.5
21.9
16.1
14.5
34.1

1.00
1.09
0.76
1.00
1.50
2.48
3.61
1.06
1.00
1.34
1.10
1.07
1.00
1.77
2.64
3.27
0.88

Age at start date

Male
Access type
In hospital start
Diabetes
Comorbidity scorea

Second access creationb

P-value

95% CI

0.509
0.050

(0.85 to 1.40)
(0.58 to 1.00)

0.022
⬍.001
⬍.001
0.504
0.003
0.361
0.453
⬍.001
⬍.001
⬍.001
0.196

(1.06
(1.79
(2.60
(0.89

to
to
to
to

2.13)
3.43)
5.01)
1.27)

(1.10 to 1.62)
(0.90 to 1.33)
(0.90 to 1.27)
(1.37
(2.04
(2.54
(0.73

to
to
to
to

2.30)
3.40)
4.20)
1.07)

The number of death was 538 (9.08%).
a
Comorbidity score is the Charleson-Deyo index, modified by subtracting the renal disease and diabetes components.
b
2nd Access creation is defined as a time-dependent covariate.
If catheter use alone was entered into the model, the relative risk is 1.56 (95% CI, 1.21 to 2.01) and the association between the timing
of permanent access creation and mortality again becomes nonsignificant. If catheter use and sepsis are simultaneously entered into this
model, the relative risks are 1.49 (95% CI, 1.16 to 1.91) and 3.06 (95% CI, 2.43 to 3.87), respectively, and the association between the
timing of permanent access creation and mortality becomes nonsignificant.
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causes, suggesting it is a marker of comorbidity (20). In contrast, fistulas have been associated with the lowest risks of
infection, sepsis, and death (21,22). Additional factors found to
increase the risk of sepsis in this study and by other investigators were diabetes, creation of a graft rather than a fistula,
and starting dialysis as an inpatient (12,22,23). Second access
creation was also associated with an increased risk of sepsis in
this study. This evidence strengthens the association between
vascular access events, infection, and mortality in persons
receiving chronic hemodialysis.
A potential criticism of this study is that the benefit of early
access creation is confounded by less comorbidity in those
groups. Patients in the Early and Just prior creation groups
were younger, had a lower Charlson-Deyo Index score, had
more fistulas created, and were more likely to start hemodialysis as an outpatient. Previous studies have found these factors,
along with obesity, diabetes, peripheral vascular disease, cardiac disease, lower hemoglobin, and lower albumin, to be less
prevalent in persons referred early for predialysis care
(1,24,25). Patients receiving predialysis care are also more
likely to receive erythropoietin, vitamin D supplements, phosphate binders, and antihypertensive therapy (24). Some of
these factors, such as older age, diabetes, low albumin, low
hemoglobin, and hospitalization, also increase the risk of infection (12,22,23,26). We attempted to minimize this confounding by first excluding persons who had never received
permanent access. This was done to eliminate the possibility
that severe comorbidity may have contraindicated access creation (e.g., severe heart failure). Second, we adjusted for diabetes and other comorbidity using the validated Ontario Diabetes Database (ODD) and the Charlson-Deyo Index. This
index has been found to accurately predict survival in persons
receiving dialysis (27–30). The association between access
timing and infection was also maintained in the healthy start
subgroup who had little comorbidity and started hemodialysis
as outpatients. Despite these methods, the administrative data
did not contain detailed clinical information, so we acknowledge that adjustment for comorbidity is incomplete and the
association between access timing and sepsis and mortality is
likely still confounded.
Given the lack of detailed clinical information, another
limitation is that we were unable to determine the proportion of
infections or deaths that were related to access. In Ontario,
catheter insertion and removal is associated with small monetary reimbursement, and it is often performed by trainees;
therefore, it is difficult to track from billing records. The binary
variable of catheter use in this study was crude; although
catheter use was still associated with outcomes, future studies
with more detailed catheter data should reexamine the associations. We were also unable to determine if the cause of
hospitalization was related to access, although vascular access
is a common source of hospitalization in hemodialysis patients,
particularly catheters (11,12). Bias may also have been introduced if persons with catheters were more likely to be admitted
for suspected sepsis.
We were also unable to study the effect of race, which has
been associated with late referral and access outcomes in the
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United States, as this variable is not contained in administrative
databases in Ontario (4). The Canadian Organ Replacement
Registry reports 63% of incident dialysis patients in Ontario
are white (31). These limitations of administrative data may be
partly counterbalanced by the generalizability of a study conducted at a provincial level.
This study was conducted in the Ontario Health Care System, in which insurance barriers to health care are minimized.
Adequate predialysis care has been previously associated with
having health insurance in the United States; therefore, this
confounding factor is not present in this study (2). The lack of
baseline differences in socioeconomic status among groups
indicates relatively equal access to predialysis care. However,
universal health care systems may have longer waiting times
(32). The average time to fistula creation in the late creation
group was 62 d. The associations between timing of access
creation and adverse events may be less dramatic in health care
systems with shorter waiting times.
In summary, sepsis is a critical event in the first year of
hemodialysis. Early access creation is associated with a significantly reduced risk of catheter use, sepsis, and mortality. The
risk was minimized when accesses were created at least 4 mo
before starting hemodialysis. Creating permanent access up to
1 mo before starting dialysis was still associated with measurable benefit. Early referral of persons with chronic renal failure
does increase early access creation and the use of fistulas
(2,25,33). Future research should confirm these findings and
help determine methods for increasing early referral and timely
fistula creation to avoid catheter use. Developing tools to
accurately predict when hemodialysis will be required would
also be beneficial. Interventions that promote early access
creation likely represent a significant opportunity to reduce the
high mortality in the hemodialysis population.

Appendix: Diagnostic Codes Uses to Define
Bacteremia or Sepsis
ICD-9 Codes: 038.0, streptococcal septicemia; 038.1, staphylococcal septicemia; 038.2, pneumococcal septicemia; 038.3,
Anaerobic septicemia; 038.40, Gram-negative septicemia—not
otherwise specified; 038.41, H. influenza septicemia; 038.42,
E. coli septicemia; 038.43, pseudomonas septicemia; 038.44,
serratia septicemia; 038.49, Gram-negative septicemia— other
specified septicemia (excludes anthrax, gonococcal, herpetic,
meningococcal, and septic plague); 038.8, septicemia— other
specified septicemia; 038.9, septicemia—not otherwise specified; 038.4, Gram-negative septicemia—not otherwise specified. CCP Code: 790.7, bacteremia.
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