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A B S T R A C T

Background. Prior studies have suggested that arteriovenous
fistula (AVF) or graft (AVG) creation may be associated with
slowing of estimated glomerular filtration rate (eGFR) decline.
It is unclear if this is attributable to the physiological benefits of
a mature access on systemic circulation versus confounding
factors.
Methods. We examined a nationwide cohort of 3026 US veter-
ans with advanced chronic kidney disease (CKD) transitioning
to dialysis between 2007 and 2011 who had a pre-dialysis AVF/
AVG and had at least three outpatient eGFR measurements
both before and after AVF/AVG creation. Slopes of eGFR were
estimated using mixed-effects models adjusted for fixed and
time-dependent confounders, and compared separately for the
pre- and post-AVF/AVG period overall and in patients strati-
fied by AVF/AVG maturation. In all, 3514 patients without
AVF/AVG who started dialysis with a catheter served as compa-
rators, using an arbitrary 6-month index date before dialysis ini-
tiation to assess change in eGFR slopes.
Results. Of the 3026 patients with AVF/AVG (mean age 67
years, 98% male, 75% diabetic), 71% had a mature AVF/AVG at
dialysis initiation. eGFR decline accelerated in the last 6 months
prior to dialysis in patients with a catheter (median, from �6.0
to �16.3 mL/min/1.73 m2/year, P < 0.001), while a significant
deceleration of eGFR decline was seen after vascular access

creation in those with AVF/AVG (median, from �5.6 to �4.1
mL/min/1.73 m2/year, P < 0.001). Findings were independent
of AVF/AVG maturation status and were robust in adjusted
models.
Conclusions. The creation of pre-dialysis AVF/AVG appears to
be associated with eGFR slope deceleration and, consequently,
may delay the onset of dialysis initiation in advanced CKD
patients.

Keywords: arteriovenous access, chronic kidney disease, eGFR
decline, hemodialysis

I N T R O D U C T I O N

Each year, as many as 115 000 patients transition from
advanced non-dialysis-dependent chronic kidney disease
(NDD-CKD) to end-stage renal disease (ESRD) in the USA [1],
the majority of whom are treated with in-center hemodialysis
and require a vascular access [2], such as an arteriovenous fis-
tula (AVF) or graft (AVG), or a tunneled central venous cathe-
ter. Existing guidelines have encouraged the timely creation of
an arteriovenous access as the preferred vascular access type
rather than a central venous catheter [2, 3], based on the evi-
dence that using an arteriovenous access can provide greater
blood flow rates [4] and is associated with lower infection risk,
fewer hospitalizations, prolonged survival and improved quality
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|of life compared with using a central venous catheter [5–11]. The

creation of an arteriovenous access may also have systemic phys-
iological benefits, such as decreased total peripheral resistance
and both systolic and diastolic blood pressure (BP), and increased
stroke volume, left ventricular ejection fraction and cardiac out-
put [12, 13]. Furthermore, a recent study has demonstrated that
successful AVF creation prior to dialysis initiation may be associ-
ated with a slowing of estimated glomerular filtration rate (eGFR)
decline [14], possibly due to functional and structural changes of
endothelium induced by the local shear wall stress downstream
from the created access [15, 16]. However, it remains unclear if
the observed association was specific to arteriovenous access crea-
tion and its associated physiological benefits versus confounding
factors observed in late-stage NDD-CKD that influence eGFR
independent of vascular access maturation.

In this study, we hypothesized that patients with an AVF/
AVG are more likely to experience deceleration of eGFR decline
after creation of AVF/AVG versus those without AVF/AVG,
and that patients with a mature AVF/AVG would benefit more
from its physiological effects on kidney function than those
with a non-mature AVF/AVG. To test these hypotheses, we
investigated the association of AVF/AVG creation with change
in eGFR slopes using a large nationally representative cohort of
US veterans with advanced CKD transitioning to dialysis.

M A T E R I A L S A N D M E T H O D S

Cohort definition

We analyzed data from the Transition of Care in CKD (TC-
CKD) study, a retrospective cohort study examining US veter-
ans transitioning to dialysis from 1 October 2007 through 30
September 2011 [17]. A total of 52 172 US veterans were identi-
fied from the US Renal Data System (USRDS) [1] as an initial
cohort. The algorithm for the cohort definition is shown in
Figure 1. At first, patients without any vascular access procedure
codes, as identified by the International Classification of
Diseases, Ninth Revision Clinical Modification (ICD-9-CM)
procedure codes and Current Procedural Terminology (CPT)
codes (Supplementary data, Table S1), were excluded (n ¼ 18
711). Of the remaining 33 461 patients with vascular access pro-
cedure codes, 11 574 patients with AVF/AVG creation proce-
dure codes prior to dialysis initiation were identified. In order
to quantify the trajectory (slope) of eGFR over time, we used
outpatient serum creatinine measurements available from
Veterans Affairs (VA) medical centers because of the potential
fluctuation of serum creatinine levels among hospitalized
patients. Therefore, patients without serum creatinine measure-
ment(s) in the VA medical system or those with only inpatient
serum creatinine measurement(s) were excluded (n ¼ 3448).
Patients were also excluded if they had fewer than three outpa-
tient serum creatinine measurements either before the AVF/
AVG creation or during the interval between the AVF/AVG
creation and dialysis initiation (n¼ 4922). The final cohort con-
sisted of 3026 patients with an AVF/AVG (Figure 1). We also
identified 3514 patients without a pre-dialysis AVF/AVG crea-
tion as comparators, who started dialysis with a tunneled

catheter and had at least three outpatient serum creatinine
measurements both before and after the 6-month index date
prior to dialysis initiation (Figure 1).

Data collection

Data from the USRDS Patient and Medical Evidence files were
used to determine baseline demographic characteristics and type
of vascular access at the time of dialysis initiation. Laboratory vari-
ables including serum creatinine were collected as previously
described [18, 19]. Baseline values for laboratory variables (except
for serum creatinine) were defined as the last quarterly average of
each variable before dialysis initiation or the second quarterly
average from the last if the last one was not available. Data regard-
ing medication exposure were obtained from both Centers for
Medicare & Medicaid Services (CMS) Data (Medicare Part D)
and VA pharmacy dispensation records [20]. Patients who
received at least one dispensation of outpatient medications within
6 months prior to dialysis initiation were recorded as having been
treated with these medications. Information on angiotensin-
converting enzyme inhibitors (ACEIs)/angiotensin receptor
blockers (ARBs) use and systolic BP were collected for the entire
evaluation period as time-dependent variables. Information about
vascular access procedures and comorbidities was extracted from
the VA Inpatient and Outpatient Medical SAS Datasets [21], using
the ICD-9-CM diagnostic and procedure codes and CPT codes, as
well as from VA/CMS data. Cardiovascular disease was defined as
the presence of diagnostic codes for coronary artery disease,
angina, myocardial infarction or cerebrovascular disease. We cal-
culated the Charlson comorbidity index score using the Deyo
modification for administrative data sets, without including kid-
ney disease [22]. eGFR was calculated based on the Chronic
Kidney Disease Epidemiology Collaboration equation [23], from
all available outpatient serum creatinine measurements starting
not more than 7 years before dialysis initiation.

Statistical analysis

Data are presented as number (percent) for categorical varia-
bles and mean 6 standard deviation or median [interquartile
range (IQR)] as appropriate. Continuous variables were com-
pared using t tests or Mann–Whitney U tests as appropriate.
Categorical variables were analyzed with v2 test. Progression of
CKD was assessed by estimating slopes of eGFR (annual change
in eGFR) from mixed-effects models with random intercepts
and slopes using the XTMIXED command in STATA [24].
This model estimates the slopes of eGFR over time, taking into
account the varying number and spacing of eGFR measure-
ments, as well as the variable follow-up for each subject [24].
The effect of potential confounders on eGFR slopes was ana-
lyzed in an adjusted multilevel mixed-effects model, which
included fixed (age, sex, race, diabetes mellitus and Charlson
comorbidity index) and time-dependent variables (systolic BP
and ACEIs/ARBs use).

In order to assess change in eGFR slopes, we defined a cutoff
time point as the date of the pre-dialysis AVF/AVG procedure
for patients who underwent such a procedure. Among patients
without an AVF/AVG, we used an index date of 6 months prior
to dialysis initiation, which corresponded to the median time
interval from AVF/AVG creation to dialysis initiation. eGFR
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slopes were calculated separately for these two time periods in
each patient and compared using paired t tests. To account for
potential differences in the effect of AVF/AVG on eGFR slopes
by AVF/AVG maturation status, we stratified patients with an
AVF/AVG into two groups according to whether or not an
AVF/AVG was used as the primary vascular access at the time
of dialysis initiation (per USRDS records). Analyses were
repeated in a propensity score-matched cohort to account for
dissimilarities in clinical characteristics between the groups
with and without an AVF/AVG, including pre-AVF/AVG or
pre-index date eGFR slopes and eGFR levels at the time of
AVF/AVG creation or index date.

The changes in eGFR slope were also examined separately
for AVF and AVG and in subgroups of patients categorized by
age, race, body mass index, and the presence of diabetes mellitus
or cardiovascular disease. Of the variables included in the
multivariable-adjusted mixed-effects model, none was missing
in the final cohort. Analyses were conducted using STATA MP
Version 14 (STATA Corporation, College Station, TX, USA).
The study was approved by the Institutional Review Boards of
the Memphis and Long Beach VA Medical Centers, with
exemption from informed consent.

R E S U L T S

Patients’ baseline characteristics at the time of dialysis initiation
are presented in Table 1. Among 3026 patients with an AVF/

AVG, the mean 6 standard deviation age was 67.0 6 10.8 years,
97.9% were male, 35.2% were African-American and 74.8%
were diabetic. Of the patients with an AVF/AVG, 2147 (71%)
had a mature AVF/AVG at the time of dialysis initiation,
among whom there was a lower prevalence of diabetes mellitus
and congestive heart failure versus those with a non-mature
AVF/AVG (Supplementary data, Table S2). Compared with
patients without an AVF/AVG (n ¼ 3514), those with an AVF/
AVG were more likely to be married and had a lower prevalence
of cardiovascular disease, congestive heart failure, liver disease
and malignancy. They were also more likely to use vitamin D
analogs, phosphate binders and erythropoietin stimulating
agents (ESAs); were less likely to use ACEIs/ARBs, aspirin, anti-
platelet agents other than aspirin, and warfarin; had higher
serum albumin, urea nitrogen and creatinine levels; and had
lower serum cholesterol and pre-dialysis eGFR levels.

Before the AVF/AVG creation [median (IQR) 1.4 (0.5, 2.6)
years] and during the interval between the AVF/AVG creation
and dialysis initiation [median (IQR) 0.5 (0.2, 1.2) years], there
were a median (IQR) of 20 (12, 29) and 7 (4, 12) serum creati-
nine measurements per patient, respectively. In patients without
an AVF/AVG, there were a median (IQR) of 18 (11, 28) and 5
(4, 7) serum creatinine measurements before [median (IQR) 1.7
(0.7, 2.9) years] and after [median (IQR) 0.5 (0.5, 0.5) years] the
6-month index date prior to dialysis, respectively.

Figure 2 shows the predicted slopes of eGFR in multilevel
mixed-effects models pre- and post-AVF/AVG creation in
patients with an AVF/AVG, paralleled with those without an

FIGURE 1: Flow chart of the study population. AVF, arteriovenous fistula; AVG, arteriovenous graft; eGFR, estimated glomerular filtration
rate; VA, Veterans Affairs.
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AVF/AVG. In unadjusted models, the eGFR decline accelerated
in patients without an AVF/AVG [median (IQR), �6.0 (�10.2,
�3.3) versus �16.3 (�26.2, �9.5) mL/min/1.73 m2/year (P <

0.001) preceding and following the 6-month index date prior to
dialysis initiation, respectively], while a significant deceleration
of eGFR decline was seen after the AVF/AVG creation in those

Table 1. Patient characteristics at the initiation of dialysis according to the absence or presence of AVF/AVG

Variable Without AVF/AVG
(n ¼ 3514)

With AVF/AVG
(n ¼ 3026)

P-value

Age (years) 67.0 6 10.8 67.1 6 10.7 0.38
Sex (male) 3439 (97.9) 2964 (98.0) 0.81
Race 0.84

White 2201 (62.6) 1895 (62.6)
African-American 1236 (35.2) 1067 (35.3)
Asian 49 (1.4) 36 (1.2)
Other 28 (0.8) 28 (0.9)

Marital status <0.001
Married 1599 (45.5) 1614 (53.3)
Divorced 1049 (29.9) 789 (26.1)
Single 396 (11.3) 264 (8.7)
Widow 367 (10.4) 285 (9.4)

Body mass index (kg/m2) 30.1 6 7.1 30.5 6 6.6 0.027
Systolic BP (mmHg) 144.2 6 21.4 144.4 6 21.9 0.39
Diastolic BP (mmHg) 73.7 6 12.2 73.8 6 12.3 0.46
Diabetes mellitus 2629 (74.8) 2265 (74.9) 0.99
Hypertension 3463 (98.6) 3017 (99.7) <0.001
Cardiovascular disease 1671 (47.6) 1276 (42.2) <0.001
Congestive heart failure 2076 (59.1) 1513 (50.0) <0.001
Liver disease 560 (15.9) 400 (13.2) 0.002
Malignancies 956 (27.2) 710 (23.5) 0.001
Charlson comorbidity index 5 (3, 7) 5 (3, 6) <0.001
Medications

ACEI/ARB use 1993 (56.7) 1472 (48.7) <0.001
Diuretic use 2995 (85.2) 2589 (85.6) 0.71
Statin use 2393 (68.1) 2066 (68.3) 0.88
Vitamin D analog use 1091 (31.1) 1553 (51.3) <0.001
Phosphate binder usea 1432 (40.8) 1543 (51.0) <0.001
Bicarbonate use 1023 (29.1) 909 (30.0) 0.41
ESA use 1545 (44.0) 1627 (53.8) <0.001
Aspirin use 1666 (47.4) 1129 (37.3) <0.001
Other anti-platelet use 512 (14.6) 363 (12.0) 0.002
Warfarin use 357 (10.2) 208 (6.9) <0.001

Laboratory parameters
Serum albumin (g/dL) 3.2 6 0.6 3.5 6 0.5 <0.001
Serum cholesterol (mg/dL) 155.7 6 54.4 147.6 6 46.1 <0.001
Serum bicarbonate (mEq/L) 22.4 6 3.9 22.2 6 3.7 0.062
Serum potassium (mEq/L) 4.5 6 0.5 4.5 6 0.6 0.089
Serum calcium (mg/dL) 8.5 6 0.7 8.7 6 0.8 <0.001
Serum phosphorus (mg/dL) 5.2 6 1.3 5.3 6 1.3 0.008
Serum ALP (U/L) 87 (68, 115) 81 (64, 107) <0.001
Serum intact PTH (pg/mL) 214 (122, 361) 237 (138, 392) <0.001
Hemoglobin (g/dL) 10.2 6 1.4 10.5 6 1.3 <0.001
Blood WBC (1000/mm3) 8.0 6 3.6 7.6 6 2.4 <0.001
Serum urea nitrogen (mg/dL) 66.7 6 23.0 74.5 6 21.4 <0.001
Serum creatinine (mg/dL) 5.3 6 2.4 6.1 6 2.1 <0.001
eGFR (mL/min/1.73 m2) 13.0 (9.6, 17.7) 10.3 (8.0, 12.9) <0.001
Last outpatient eGFR (mL/min/1.73 m2) 12.3 (8.6, 18.2) 9.8 (7.5, 1.72) <0.001
Last eGFR (mL/min/1.73 m2) 11.0 (7.7, 15.4) 9.6 (7.2, 12.6) <0.001

Number of serum creatinine measurements
Pre-AVF/AVGb 18 (11, 28) 20 (12, 29) 0.015
Post-AVF/AVGb 5 (4, 7) 7 (4, 12) <0.001

Time period (years)
Pre-AVF/AVGb 1.7 (0.7, 2.9) 1.4 (0.5, 2.6) <0.001
Post-AVF/AVGb 0.5 (0.5, 0.5) 0.5 (0.2, 1.2) <0.001

Data are presented as number (percentage), mean 6 standard deviation or median (interquartile range).
AVF, arteriovenous fistula; AVG, arteriovenous graft; eGFR, estimated glomerular filtration rate; BP, blood pressure; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; ESA, erythropoietin stimulating agent; ALP, alkaline phosphatase; WBC, white blood cell count; PTH, parathyroid hormone.
aPhosphate binders include calcium acetate, sevelamer or lanthanum.
bA 6-month time point prior to dialysis was used as the index date in patients without AVF/AVG.
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with an AVF/AVG [median (IQR), �5.6 (�8.8, �3.4) versus
�4.1 (�4.8, �3.2) mL/min/1.73 m2/year (P < 0.001) before
and after AVF/AVG creation, respectively] (Figure 2A). After
adjustment for confounders, the estimated median (IQR) eGFR
slopes before and after the 6-month index date in patients with-
out an AVF/AVG were �20.6 (�23.5, �17.9) and �58.8
(�68.1, �51.6) mL/min/1.73 m2/year (P < 0.001), respectively,

whereas the estimated median (IQR) eGFR slopes before and
after AVF/AVG creation in those with an AVF/AVG were
�18.1 (�20.6, �15.9) and �8.3 (�8.8,�7.5) mL/min/1.73 m2/
year (P < 0.001), respectively (Figure 2B). These associations
were similarly observed independent of AVF/AVG maturation
status (Figure 3) and access type (Supplementary data, Figure
S1) and in all examined subgroups (Figure 4), as well as in the

FIGURE 3: eGFR slopes (median, IQR) before and after AVF/AVG creation in patients categorized by AVF/AVG maturation status. Slopes
were estimated from unadjusted (A) and multivariable-adjusted (B) mixed-effects models. Models were adjusted for fixed (age, sex, race, diabe-
tes mellitus and Charlson comorbidity index) and time-dependent confounders (systolic BP and ACEIs/ARBs use). *P < 0.001. eGFR, esti-
mated glomerular filtration rate; IQR, interquartile range; AVF, arteriovenous fistula; AVG, arteriovenous graft; BP, blood pressure; ACEIs,
angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers.

FIGURE 2: eGFR slopes (median, IQR) before and after AVF/AVG creation in patients with AVF/AVG, in contrast to non-AVF/AVG
patients. Slopes were estimated from unadjusted (A) and multivariable-adjusted (B) mixed-effects models. Models were adjusted for fixed (age,
sex, race, diabetes mellitus and Charlson comorbidity index) and time-dependent confounders (systolic BP and ACEIs/ARBs use). *P < 0.001.
eGFR, estimated glomerular filtration rate; IQR, interquartile range; AVF, arteriovenous fistula; AVG, arteriovenous graft; BP, blood pressure;
ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers.
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| propensity-matched cohort (Supplementary data, Table S3 and

Figure S2).

D I S C U S S I O N

In this retrospective cohort study of late-stage NDD-CKD
patients transitioning to dialysis, we compared changes in
eGFR slopes between the pre- and post-AVF/AVG period
overall and in patients stratified by AVF/AVG maturation.
We found a significant deceleration of eGFR decline after
AVF/AVG creation independent of its maturation status,
whereas eGFR decline accelerated in the last 6 months prior to
dialysis in patients without an AVF/AVG. These findings
were similarly observed in selected subgroups and were robust
even after adjustment for known confounders and in the
propensity-matched cohort.

Timely creation of a primary arteriovenous access before the
anticipated need for hemodialysis therapy allows adequate time
for the access to mature as well as sufficient time for a potential
vascular access revision procedure if the first attempt fails [2]. A
functional AVF/AVG provides convenient dialysis access to cir-
culation with adequate blood flow, and also has certain systemic
physiological benefits [12, 13, 25–29]. In pre-dialysis CKD
patients, a successful AVF creation has been shown to be associ-
ated with reduction in arterial stiffness and BP, and an increase
in stroke volume, left ventricular ejection fraction and cardiac
output, in contradistinction to those with an unsuccessful AVF
creation [12, 13]. These beneficial physiological effects have
been suggested to be partly attributable to the functional and
structural alterations of vascular endothelium such as increased
production of nitric oxide and cell proliferation in response to
the shear wall stress downstream from the fistula, leading to the
mitigation of arterial stiffening both locally and systemically
[13, 15]. These studies, however, have largely focused on the
cardiovascular effects of a functional AVF; to our knowledge,
there is only one study which investigated its potential physio-
logical effects on kidney function. Golper et al. [14] evaluated
the rate of eGFR decline before and after successful AVF crea-
tion among 123 patients with advanced NDD-CKD, and dem-
onstrated that there was a significant slowing of eGFR decline
from �5.9 to �0.5 mL/min/1.73 m2/year after AVF creation.
They concluded that there may be an association between suc-
cessful AVF creation and the slowing of eGFR decline, based on
the assumption of potential ‘downstream’ vasodilatory effects of
a functional AVF on renal vascular beds through vascular endo-
thelium, which may lead to perfusion of previously under-
perfused renal tissues, resulting in a recruitment of untapped
renal functional reserve [30]. There seems to be biological plau-
sibility for the observed deceleration of eGFR decline after the
creation of a functional AVF; however, the previous study by
Golper et al. [14] examined the change in eGFR slopes only in
patients with successful AVF creation, and hence, no conclusion
could be drawn as to whether the observed association was spe-
cific to AVF creation and attributable to the physiological effects
of a mature access versus confounding factors observed in the
late-stage NDD-CKD that may influence eGFR independent of
vascular access maturation.

FIGURE 4: eGFR slopes (median, IQR) before and after AVF/AVG
creation in selected subgroups in patients with AVF/AVG, in con-
trast to non-AVF/AVG patients. Slopes were estimated from unad-
justed mixed-effects models. *P < 0.001. eGFR, estimated glomerular
filtration rate; IQR, interquartile range; AVF, arteriovenous fistula;
AVG, arteriovenous graft; BMI, body mass index; DM, diabetes mel-
litus; CVD, cardiovascular disease.
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|Our study is the first to examine the change in eGFR

slopes before and after AVF/AVG creation separately by its
maturation status, and in contrast to non-AVF/AVG
patients, and the first to provide evidence regarding the asso-
ciation between AVF/AVG creation and a deceleration of
eGFR decline independent of AVF/AVG maturation status.
Because we detected improved outcomes after AVF/AVG
creation even in patients with a non-mature AVF/AVG, we
must consider the possibility that the deceleration of eGFR
decline associated with AVF/AVG creation may be attribut-
able to factors unrelated to the physiological effects of a
mature vascular access, such as more attentive nephrologist
care and improved patient health status or behavioral com-
pliance with therapy. Although most of the patients agreeing
to a timely AVF/AVG creation are compliant by nature, we
cannot rule out the possibility of their compliance and/or
nephrologist care improving even further after AVF/AVG
creation and hence positively affecting their disease course.
Nonetheless, there still seem to be other plausible physiologi-
cal mechanisms that could explain the potential reno-
protective effects of AVF/AVG creation even in those
patients whose vascular access is not mature enough for suc-
cessful hemodialysis cannulation.

Recently, growing evidence from experimental and clinical
studies has indicated that remote ischemic preconditioning
(RIPC), represented by limb ischemic preconditioning by
alternating cycles of inflating and deflating BP cuffs on either
the arm or leg, is a promising and feasible approach for reno-
protection and prophylaxis against acute kidney injury (AKI)
[31–34]. It has been postulated that even a brief ischemic
stimulus of a remote site releases RIPC-induced humoral fac-
tors such as adenosine, erythropoietin or nitric oxide into the
systemic circulation, which subsequently protects other target
organs, including the kidney [31, 34]. Other underlying mech-
anisms of RIPC may include systemic immune modulation
and anti-inflammatory effects on immune-competent cells
following RIPC [34]. In addition, autonomic reflexive and
other neurogenic pathways that are stimulated by the release
of opioid and bradykinin may be involved in RIPC-induced
reno-protective effects [34]. Moreover, the reno-protective
effects of RIPC have been shown to be more beneficial in
patients with preexisting CKD and comorbid conditions who
are at higher risk for developing superimposed AKI [35].
Regarding AVF/AVG creation, temporal and repetitive
clamping of the feeding artery and permanent ligation of
small arterial branches are inevitable or necessary during the
surgical procedure [36]. Furthermore, the AVF/AVG creation
itself may cause local limb ischemia in the distal part of access
[36], and hence the post-operative state of AVF/AVG creation
could be considered as a similar state to RIPC. Therefore, the
sequential local ischemic conditions caused by the creation of
AVF/AVG could also serve as a potential explanation for the
observed deceleration of eGFR slopes after AVF/AVG crea-
tion in advanced CKD patients, even in patients with a non-
mature AVF/AVG.

Although many studies have demonstrated that hemodialy-
sis through an arteriovenous access is associated with better
clinical outcomes than a central venous catheter [5–10], a

number of barriers must be overcome to achieve successful
arteriovenous access construction; chief among these is late
referral of patients for permanent access creation [37]. In
addition, there remains uncertainty regarding the benefits of
early arteriovenous access creation as the preferred manage-
ment strategy in pre-dialysis CKD patients progressing to
ESRD, given the risk of premature access-related complica-
tions and undefined cost-effectiveness of the procedure [38].
Given these circumstances, our results could be a novel incen-
tive for advanced CKD patients to pursue timely creation of
an AVF/AVG.

Our study is notable for its large sample size of late-stage
NDD-CKD patients transitioning to dialysis, and for being
representative of veterans in the entire geographic United
States; however, several limitations need to be acknowledged.
This study was observational, and hence, the results do not
allow us to infer causality but merely associations between
AVF/AVG creation and eGFR slopes. Most of our patients
consisted of male veterans; therefore, the results may not be
generalizable to women or patients from other geographical
areas. Data related to AVF/AVG blood flow measured in a
quantitative manner were not available; hence, the AVF/
AVG maturation status was defined based on procedure
codes and the type of vascular access at the time of dialysis
initiation. Information about vascular access procedures was
obtained from diagnostic codes recorded during care in a VA
facility. Thus, there might be misclassification of vascular
access status, such that patients who had undergone AVF/
AVG creation at a non-VA facility which did not mature
would have not been captured and might have been misclassi-
fied as comparators. However, this misclassification would
tend to underestimate the true change in eGFR slopes of
patients without an AVF/AVG. We adjusted predicted eGFR
slopes for a variety of important covariates as potential con-
founders, but we cannot eliminate the possibility of unmeas-
ured confounders, such as proteinuria, muscle mass, changes
in volume status and quality of care, which might affect eGFR
slopes over time.

In conclusion, the creation of an AVF/AVG is associated with
an improvement in the rate of eGFR decline over time in
advanced CKD patients irrespective of AVF/AVG maturation
status. These findings highlight the potential beneficial effects of
AVF/AVG creation on kidney function and suggest that timely
creation of AVF/AVG prior to dialysis may contribute to delayed
onset of dialysis initiation in advanced CKD patients. Further
studies are needed to clarify the underlying mechanisms.
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