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Abstract
Background: Hemodialysis initiation using a central venous catheter (CVC) poses an increased risk
of death. Conversion to an arterio-venous graft or fistula (AVF, AVG) improves outcomes. The rela-
tionship of primary dialysis access and timing of conversion from CVC to either AVF or AVG to all-
cause mortality was investigated.

Methods: Two retrospective analyses in incident hemodialysis patients commencing treatment from
January 2010 toDecember 2014 in dialysis clinics in theUnited Stateswere conducted.Analysis 1 stratified
as per access at initiation and those commencing with CVC were further stratified into (a) those that had a
CVC, AVF, or AVG the entire year; (b) those that were converted to either AVF or AVG within either (i) the
first or (ii) the second 6 months. KaplanMeier analysis and Cox regression analysis were employed. Analy-
sis 2 included all CVC patients investigating the relationship between access conversion time andmortality
risk using a Coxproportional hazardsmodel depicting the hazard ratio (HR) as a spline function over time.

Results: Two subsets from initial 78,871 patients were studied. In Analysis 1 both AVF (referent)
and AVG [HR 1.12 (0.97 to 1.30)] associated with a better outcome than CVC [HR 1.55 (1.38 to
1.74)] during follow-up. Lower mortality risk was seen for early switch from a CVC to AV access
within the first 6 months [HR = 1.04 (0.97–1.13)] compared to a later switch [HR = 1.23
(1.10–1.38)]. Analysis 2 indicated that a CVC to AVF switch resulted in improved survival. Analysis
2 indicated early conversion to confer a survival benefit for CVC to AVG switch.

Discussion and Conclusion: AVF and AVG show a survival benefit over CVC. Early conversion
from CVC to either access improves survival. This emphasizes the importance of early preparation
for dialysis by creation of an AVF or AVG and to convert CVCs early.
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INTRODUCTION

Hemodialysis can be started using one of three main types
of vascular accesses: arteriovenous fistulas (AVFs), arterio-
venous grafts (AVGs), and tunneled cuffed CVC. The
superiority of AVF and AVG over CVC in terms of sur-
vival, hospitalizations, and other outcomes has been well
established over the last decades1–4; however, still 80.3%
of all patients commenced hemodialysis with a CVC in
2014.5 Change of access from CVC to either AVF or AVG
have been reported to associate with a favorable change in
markers of nutrition, inflammation, anemia,4

hospitalization,6,7 and mortality,1,8–11 but still 68.3% of
hemodialysis patients were using a CVC as their primary
access.5 Data also suggested that not only the conversion
per se from CVC to either AVF or AVG matters but also
timing of conversion plays a role,1,8 a finding that also
held true in a large international, elderly population.10

Given the importance and the substantial positive
effects possibly achievable by (early) conversion from
CVC to either AVF or AVG, we focused in this analysis
on mortality risk as a function of time following hemo-
dialysis initiation. This analysis tests the hypothesis that
early conversion for those commencing renal replace-
ment therapy using a CVC will show a higher survival
probability as compared to that when starting hemodial-
ysis with a CVC and remaining on it for a longer time.

METHODS

This is a retrospective, longitudinal cohort study in incident
hemodialysis patients with complete data commencing renal
replacement therapy in the 2368 clinics of Fresenius Medical
Care dialysis clinics in the United States between January
01, 2010 and December 31, 2014. The study consisted of
two separate analyses with one stratifying dialysis access and
conversion during the first year and following patients’ out-
comes over a 4-year period and the other one quantifying
the risk of death as a function of time of conversion from
catheter to either AVF or AVG throughout the entire study.

Study design

The study consisted of two separate analyses (1) Analysis
1 investigated different access types at dialysis initiation

and the respective switches from CVC to either AVF or
AVG in patients who survived the first year of the study
and the measures of the first year were used to establish a
baseline and the following 4 years served as the follow-up
period. All patients were stratified into those commencing
HD with either an AVF, AVG, or CVC and remaining on
the same access for the entire first year, and those CVC
patients switching to AVF or AVG either within the first or
the second half of the first year of HD. (2) Analysis 2
modeled the risk of death for those that switched to either
AVF or AVG in a continuous fashion as a spline function
over time relative to those remaining on CVC as the pri-
mary dialysis access. Patients who were transferred to other
clinics, switched modality, and received a transplant were
censored. While the source population of both analyses is
the same, Analysis 2 only included those that started on a
CVC (and either switched or remained on a CVC) regard-
less of outcome in the first year (Analysis 1 only included
survivors of Year 1).

An Institutional Review Board has waived the need for
review and determined this study as exempt under the
provisions of 45 CFR 46 Section 101(b) as per the United
States Health Insurance Portability and Accountability Act.
Given the nature of this retrospective study determined as
exempt, no informed consent from studied patients had
been obtained. Manuscript development followed the rec-
ommendations of the STROBE guidelines.12

Patient population

An entire cohort of population 78,871 patients was
studied. The study population of Analysis 1 and Analy-
sis 2 was subsetted from the entire cohort according to
respective inclusion criteria. Figure 1a,b shows detailed
flowcharts of the study population for both analyses.

Analysis 1 studied 33,878 patients who commenced
maintenance hemodialysis treatment with either CVC,
AVF, or AVG as the primary vascular access at facilities
operated by a large dialysis provider between January
2010 and December 2014 and survived the first
12 months. In patients commencing treatment using a
CVC most patients were converted to either AVG or AVF
within the first year. Significant differences between the
groups are explained by the large sample size and the
magnitude of the differences does not suggest contrasts
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in demographic and clinical parameters that are clinically
relevant (Table 1). Analysis 2 studied 50,638 patients
where 29,234 (57.7%) were converted during the study
period (Table 2). Analysis 1 includes patients who com-
menced with CVC, AVF, or AVG and survived/not cen-
sored in the first year, while analysis 2 includes all
patients who commenced with CVC. Therefore, the
numbers of patients for these two analyses are different
and there is a large number of patients in Analysis 2 who
did not switch and died in the first year. Figure 2 shows

the distribution of switch times in the population of
Analysis 2.

Measurements

Information on dialysis access, demographic (age, white
race, gender, diabetes, Hispanic ethnicity) and dialysis
treatment-related data (were extracted from the medical
records). Data of laboratory results were taken from

Figure 1 Study flowchart. [Color figure can be viewed at wileyonlinelibrary.com]
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routine laboratory assessments in the central database
that all were performed in two centralized laboratories by
trained and certified personnel.

Sensitivity analyses

Switch to AVF or AVG is defined as the first time when
AVF or AVG was used after initial use of CVC. Some
patients switched between CVC, AVF, and AVG multiple
times. Sensitivity analyses excluding those who switched
multiple times from CVC to AVF or AVG were
conducted.

Statistical analyses

Descriptive statistics for demographic and baseline char-
acteristics are summarized as mean � SD for continuous
variables percentages and 95% confidence intervals for
categorical parameters and point estimates with 95%
confidence intervals for probabilistic models, as appropri-
ate. Comparison between groups were conducted using t
test and one-way ANOVA for continuous variables and
Chi-squared test for categorical variables. A two-sided p-
value<0.05 was considered statistically significant.

Analyses were done in R version 3.0.2 (“Frisbee Sailing”;
R Foundation for Statistical Computing; Vienna, Aus-
tria)13 using packages survival and splines.

Table 2 Descriptive statistics for all patients that commenced hemodialysis treatment with a CVC, those that are converted
from CVC to a non-CVC access (AVG or AVF) during the first year and those that are not

All patients
Patients with

access conversion
Patients with no
access conversion

N [count] 50638 29234 21404
Age [years] 63.7 (15.0) 62.8 (14.6) 64.9 (15.5)
White race [per %] 71.1 67.4 76.2
Male gender [per %] 56.1 56.8 55.2
Diabetic [per %] 62.4 66.4 56.9
Hispanic ethnicity [per %] 12.9 14.6 10.6
Pre HD SBP [mmHg] 142.1 (23.3) 145.1 (22.3) 138.0 (24.1)
Pre HD DBP [mmHg] 75.1 (13.7) 76.2 (13.3) 73.5 (14.0)
Post HD SBP [mmHg] 143.7 (22.3) 146.8 (21.3) 139.5 (22.9)
Post HD DBP [mmHg] 75.6 (12.8) 76.8 (12.4) 73.8 (13.2)
IDWG [% body weight] 2.2 (1.3) 2.1 (1.3) 2.2 (1.4)
Ultrafiltration rate [mL/h/kg
body weight]

6.4 (3.1) 6.4 (3.0) 6.4 (3.3)

EPO [unit] 4750.2 (5141.9) 4954.9 (5180.3) 4470.8 (5075.7)
Albumin [g/dL] 3.4 (0.5) 3.4 (0.5) 3.3 (0.6)
NLR 6.9 (6.6) 6.3 (5.8) 7.7 (7.6)
enPCR [g/kg/d] 0.7 (0.2) 0.7 (0.2) 0.7 (0.2)
eKt/V 1.4 (0.4) 1.4 (0.4) 1.4 (0.5)
BMI [kg/m2] 30.5 (13.1) 30.6 (12.7) 30.3 (13.6)

AVF = arterio-venous fistula; AVG = arterio-venous graft; BMI = body mass index.; CVC = central-venous catheter; DBP = diastolic blood
pressure; enPCR = equilibrated normalized protein catabolic rate; EPO = erythropoietin dose; HD = hemodialysis; IDWG = interdialytic
weight gain; NLR = neutrophil-lymphocyte ratio; SBP = systolic blood pressure.

Figure 2 Histogram of times using central venous catheter
(CVC) until conversion to either arteriovenous fistula or
graft (non-CVC). [Color figure can be viewed at
wileyonlinelibrary.com]
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Survival analysis

Analysis 1 consists of Kaplan Meier survival curves and
employed log-rank test for comparison between all groups
(i.e., those either commencing HD with either an AVF,
AVG, or CVC and remaining on the same access for the
entire year, and those switching from CVC to AVF or
AVG either within the first or the second half of the first
year of HD). Further Cox proportional hazards (Cox PH)
models were constructed to quantify the risk of death after
adjustment for various relevant factors.

For Analysis 2 Cox PH models for switch from CVC to
AVF and AVG, respectively, were constructed and spline
functions fitted along a time axis depicting the hazard
ratio of death after hemodialysis initiation over the entire
study duration with those remaining for the entire time
on a CVC as the reference group. The result from Cox
PH models with spline function replaced by a step func-
tion of every 2 months were obtained as validation.

RESULTS

Survival analysis

Kaplan Meier curves show a clear survival advantage
for those commencing treatment using AVF (Figure 3),

compared to those commencing using CVC that either
switched or did not. Furthermore, the curves suggest
that early conversion (<6 months following HD initia-
tion) from CVC to either AVF or AVG (Figure 3,
Figure S1, and Table S1) associates with a significantly
improved survival probability. Of note, based on the
log-rank tests all p-values for pairwise comparisons
were smaller than 0.001 except for the comparison
AVG versus conversion in the first 6 months with a p-
value 0.76. In a multivariable Cox Proportional Haz-
ards model these relationships remained consistent
with the lowest risk for those commencing with AVF
(referent), followed by those commencing and
remaining on AVG [hazard ratio (HR) 1.12 (95% CI
0.97 to 1.30)] and those starting and remaining on
CVC showing the highest risk of death for those
[HR 1.55 (95% CI 1.38 to 1.74)]. Of note, those
patients who started with CVC and switched within
the first 6 months of treatment had a risk of death
comparable to those starting and remaining on AVF or
AVG [1.04 (95% CI 0.97 to 1.13)], whereas those with
access conversion in the second half of the first year
had a significantly higher risk [1.23 (95% CI 1.10 to
1.38)]. It is of note that the associations found in the
univariate analyses remained consistent after adjust-
ment for all covariates included in the Cox Propor-
tional Hazards model (Table 3, Table S2). Consistent

Figure 3 Kaplan–Meier survival curves depicting survival
probability of those as a function of time over the follow-up
period after the first year of dialysis. All patients were stratified
into those commencing hemodialysis with either arteriovenous
fistula (AVF) or graft (AVG) or central venous catheter (CVC)
and remaining on the same access for the entire year, and
those switching from CVC to either AVF or AVG either within
the first or the second half of the first year of hemodialysis.
[Color figure can be viewed at wileyonlinelibrary.com]

Table 3 Hazard ratio of death estimates from Cox
regression analysis for 22,146 patients who either stayed
with CVC, AVF, or AVG and CVC patients that switched
either during the first or the second half of the first year to a
non-CVC access. Only access related HRs are displayed,
analysis adjusted for age, gender, race, diabetes, Hispanic
ethnicity, pre- and post-systolic and diastolic blood
pressure, interdialytic weight gain, ultrafiltration rate,
albumin, Erythropoietin dose, neutrophil to lymphocyte
ratio, equilibrated normalized protein catabolic rate,
equilibrated Kt/V and body mass index. For full table see
Supplemental Material. Note that covariate epo was
transformed to square root of epo in all model fits

Hazard ratio of death (95% CI)

AVF 1.0
AVG 1.12 (0.97-1.30)
CVC (entire 12 months) 1.55 (1.38-1.74)
CVC (switched Months
1 to 6)

1.04 (0.97-1.13)

CVC (switched
Months 7 to 12)

1.23 (1.10-1.38)

AVF = arterio-venous fistula; AVG = arterio-venous graft; CVC =
central-venous catheter.
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with Analysis 1, Analysis 2 indicated that a CVC-to-
AVF switch resulted in a significantly lower HR of all-
cause mortality throughout the entire first year follow-
ing dialysis initiation compared to remaining on CVC
(black solid curve as spline estimates and dashed curve
as 95% CI in Figure 4a). This observation aligns with
the obtained HR of the Cox PH model with step func-
tion of every 2 months of switching time (blue solid
curve as estimates of step function and dashed curve
as 95% CI in Figure 4a). To some extent in contrast, a
CVC-to-AVG switch also seems to improve survival
but this improvement only showed to be significantly
different at the 5% significance level during the
first half of the first year. Similarly, this observation
aligns with the obtained HR of the Cox PH model with
step function (Figure 4b). However, it is of note that a
particularly accentuated increase in survival benefit is
found with access conversion during the first 6 months
on dialysis, after which the upper bound of the 95%
confidence interval crossed the HR of 1 (indicating a
lack of significant difference; Figure 4a and Figure 4b).

Sensitivity analysis

A sensitivity analysis for Analysis 1 excluding those that
switched multiple times between CVC, AVF, and AVG
(N = 2956) was conducted and showed no material dif-
ferences in the results.

DISCUSSION

In line with the literature, the current data from a large
dialysis provider demonstrate a substantial survival bene-
fit for patients that commence renal replacement therapy
with AVF in both univariate and multivariable analysis.
Analysis 1 suggests that early conversion to a non-CVC
access does essentially lead to a survival probability com-
parable to that of an AVF or AVG access from the start.
Analysis 2 more specifically shows in both univariate and
multivariable analyses suggests that once a patient com-
menced hemodialysis using a CVC, early conversion
from CVC to AVG within the first half of the first year
on hemodialysis results in a significant survival benefit as
compared to remaining on a CVC access (Figure 4).
While the same relationship was true for the conversion
from CVC to AVF, notably the resulting survival benefit
for this conversion remained significant for the entire
first year (Figure 4), corroborating a clear advantage of
conversion to AVF and to some extent a lower degree of
dependency on time compared to AVG.

Discussion in the light of other studies

These data are consistent with the literature in terms of
dialysis accesses at treatment initiation. CVC at dialysis
initiation is known to result in an increased risk of
death for all patients and subpopulations, associated
also in these data with worse outcomes. To the extent

Figure 4 Spline function depicting hazard ratio of death from all causes in the year following hemodialysis initiation in
patients that commenced treatment using a central-venous catheter (CVC) and were converted from to either arteriovenous
fistula (a: AVF) or graft (b: AVG). Solid black lines are spline estimates and solid blue lines are estimated step function of
every two months. Dashed lines are 95% confidence intervals. [Color figure can be viewed at wileyonlinelibrary.com]
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studied in this analysis, these data are consistent with
previously reported data on change of access and the
resulting association with mortality,1,8–11 and showed a
survival benefit of changing a CVC access to either AVF
or AVG (Figure 3 and Figure 4). Bradbury analyzed
data from the first 120 days and reported a significant
survival advantage when patients are converted from
CVC to either AVF or AVG within this period.8

Reduced risk of death was a benefit of conversion
within the first 6 months for AVG patients in the cur-
rently reported population but a time-independent ben-
efit for AVF patients. This suggests that if a patient is
suitable for conversion to AVF, this always is the pref-
erable approach, however, for patients where vessel
quality due to age and/or comorbidities does not allow
for AVF placement and maturation, an immediate
change in strategy favoring AVG placement may be
considered a comparably suitable approach.14 Particu-
larly in older patients this evaluation becomes of con-
cern in the light of data from the Monitoring Dialysis
Outcomes (MONDO) initiative that has shown that
converting from a CVC to either AVF or AVG does
provide survival benefits also in elderly patients. Fur-
ther, and this is of importance when deciding on the
appropriate choice of access, the probability of not
being converted is highest for elderly females, those
elderly patients with cardiovascular disease and those
with poor nutritional status.10 Given these data one
may think critically of the best approach for the indi-
vidual patient allowing to minimize CVC exposure days
that would be putting particularly the elderly patient at
elevated risk. Not only is this true on the level of the
individual patient’s well-being, but in those prone to a
lower life expectancy also on an economic level, where
the placement of AVF chosen over that of AVG (consid-
ering substantially longer maturation time) to use the
access for dialysis may also not be the most cost-
effective choice.15 We believe that based on these data,
patients will have a substantial beneficial effect on their
risk of death if an AVG is placed within the first
6 months. In this context, the importance of predialysis
preparation for dialysis (including preparation of a suit-
able access) gains importance and will result in the
lowest risk of death following treatment initiation. Fur-
ther one could also hypothesize a subsequent reduction
in the risk of infection-related hospitalizations caused
by CVC as the access and potentially a decreased need
for repeated surgical interventions without the insecu-
rity about successful maturation of the AVF (a period
lasting a median time of around 112 days16). For the
patient requiring an urgent start into dialysis however,
the time window of 112 days until an AVF has matured

to a point where it can be successfully used for treat-
ment is of importance to plan access management strat-
egies. Carefully selecting those that are more likely to
be successfully treated using AVG needs to be a priority
and should be done in a multidisciplinary approach
involving internist, nephrologist, and the vascular
surgeon.

Strength and limitations

Strengths
The strengths of this analysis are the large sample size,
the wide geographical distribution within the United
States, and the consequent generalizability that renders
the results generalizable even in the light of the substan-
tial variability of local practice patterns.

Limitations
The retrospective nature with the risk of bias, con-
founding requires consideration in combination with the
problem of missing data (particularly the lack of data on
comorbidities) that is common in studies of that kind,
requires consideration when interpreting the results of
this study. Both analyses aimed to account for parameters
relevant in the context of this bias by adjustment of this
analysis, but acknowledge that, as common with retro-
spective analyses, residual bias and confounding cannot
be excluded. Stratification of patients into groups of dial-
ysis access may further have accentuated a possible col-
lider stratification bias where both exposure as well as
outcome may associate with a common condition such
as older age, present comorbidities, or similar. This risk
of a collider bias is in line with data from Quinn and col-
leagues that claimed the benefit from AVF is solely attrib-
uted to patients regardless of whether AVF was used or
not.17 This is also corroborated by the formal compari-
son of the groups (Table 1) where significant differences
were found. The differences report in the tables are
clearly limited to those data available in this retrospective
analysis, thus it will not be possible to fully address the
question whether the differences in terms of probability
of survival and the association with timing (in particular
for AVG) are indeed caused by conversion and not by
hidden unaccounted factors which, due to unavailability
of the respective data, could not be considered in our
analyses. Factors that could be thought of in this context
range from pathophysiological aspects (such as frailty
and the burden of multiple comorbidities) to logistic
aspects (such as distance to access surgeons, socioeco-
nomic status and factors not allowing for early conver-
sion). While only prospective studies with a focused
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design and targeted data collection will allow to fully
explain these dynamics and all associated and contribut-
ing factors, we aimed in both analyses to adjust for all
possible confounding factors that were at our disposition.
Unfortunately, one can however not entirely exclude the
presence of particularly elderly and sicker patients in the
group with worse outcomes. Alternative approaches such
as propensity score-matching may be consider to further
reduce the residual error of the estimates; however, in
the light of the large sample size, the consistency of the
distinct and pathophysiologically relevant associations in
the data even after adjustment for a large number of
parameters renders the conclusions as possibly valid
within the limitations of a retrospective study. Further-
more, it also needs consideration data with a high level
of granularity was available, which allowed analyses on
the treatment level and also adjustment for a large num-
ber of parameters that were deemed relevant to answer
the research question. The retrospective nature of this
study does limit interpretation and emphasizes the need
of additional research in that area. Furthermore, due to
documentation issues, no insight into more specific
details, such as the type of CVC, location of the AVF,
and location or type of AVG, was possible; however,
given the large sample size and the level of external valid-
ity to be expected from these results, these are negligible
concerns and the data reflect the real-life practice from a
large dialysis provider. Further, consequent to the miss-
ing data, it was not possible to investigate access-related
complications and events such as hospitalizations due to
infectious causes, analyses that may be considered in
future analyses. Lastly it also requires mentioning that
inclusion of predialysis data would have greatly
improved the analysis and allowed for additional insight
into the differences between risk modification by dialysis
access and conversion and the case mix in terms of com-
orbidities and other relevant factors.

CONCLUSION

Predialysis care needs to be prioritized and every patient
should undergo a process of careful preparation once it
is decided that dialysis is the therapy of choice. Patients
that are started on dialysis with a CVC should undergo a
careful evaluation by all involved medical disciplines to
determine if AVF or AVG is the access of choice. Particu-
larly for the elderly and those with multiple, severe com-
orbidities, this evaluation and decision is of utmost
importance given the median time of first use of
112 days following placement and the survival benefit
these data indicate once patients are being converted
from a CVC to AVG.

Manuscript received July 2019; revised February 2020;
accepted February 2020.
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SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.

Supplemental Figure 1
Supplemental Table 1 Hazard ratio of death estimates
from Cox regression analysis for 22146 patients who
either stayed with CVC, AVF, or AVG and CVC patients
that switched either during the first or the second half of
the first year to a non- CVC access. Full Table of Table 2
in the Main manuscript.
Supplemental Table 2 Full Estimates for Cox regression
models with varying time coefficient for CVC to AVG
(N = 4728) and AVF (N = 11843).
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