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Introduction: Local inflammation is an important regulator of vascular remodeling. We hypothesized that

adipose tissue adjacent to hemodialysis arteriovenous fistulae modulates maturation.

Methods: During fistula creation, perivenous adipose was collected from 111 participants in the

Hemodialysis Fistula Maturation Study. Nine adipose-associated mediators were measured. Duplex

ultrasound was performed at 4 time points postoperatively from 1 day to first cannulation (10–26 weeks).

Associations between logarithmically transformed biomarker levels and fistula remodeling were

evaluated using mixed effects regression.

Results: Elevated interleukin (IL)-6 and monocyte chemoattractant protein (MCP)-1 were associated with a

reduction in the fractional vein diameter during the early time frame of 1 day to 2 weeks (diameter change

of 26.6% and 20.4% at the 25th and 75th percentile for IL-6, P ¼ 0.01; 27.8% and 21.1% at the 25th and 75th

percentile for MCP-1, P ¼ 0.02), but not in later stages of remodeling. Local leptin levels showed a

significant negative correlation with fractional venous flow increase between 2 and 6 weeks (percent flow

change 31.4% and 11.3% at the 25th and 75th percentile for leptin, P ¼ 0.03).

Conclusion: Thus, impaired fistula vein dilation and reduced capacity for flow augmentation associate with

specific local adipose phenotypic signatures in a time-dependent manner. In view of adipose tissue

plasticity, these findings raise the possibility of novel adipose-based strategies to facilitate fistula

maturation.
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A
rteriovenous fistula (AVF) is recommended as the
primary type of hemodialysis (HD) vascular access

by the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative practice guidelines due to
data showing superior 5-year patency, as well as
decreased rates of infectious complications and death
when compared with central venous catheters and
prosthetic arteriovenous grafts.1,2 However fewer
than 20% of dialysis facilities in the United States
achieved the Centers for Medicare and Medicaid
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Services goal of 66% AVF use in prevalent HD patients.
In 2012, 61% of patients initiated maintenance hemodi-
alysis via a catheter without maturing AVF in place.3

One of the major barriers to initiation and prevalence
of HD via AVF is maturation failure. The rate of early
maturation failure ranges from 20% to 60% in contem-
porary series.4 Mechanisms underlying maturation fail-
ure are incompletely understood. It is known that
considerable dilation and remodeling of both the artery
and vein are required to sustain flow through an AVF.4–7

Vascular remodeling is thought to rely on
nitric oxide release and other endothelium-dependent
and -independent mechanisms in response to changes
in flow and shear stress.5,8–11 A larger preoperative vein
diameter, a higher venous compliance, and an elevated
AVF flow rate in the early postoperative period have
been shown to predict fistula maturation.12–19
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Adipose tissue is contiguous with the adventitia of the
inflow artery, outflow vein, and anastomosis. Long
thought to function in a largely thermoregulatory and
structural capacity, adipose is now increasingly recog-
nized as a metabolically active tissue with endo-, para-,
and autocrine functions.20,21 Local adipocyte-derived
signaling molecules modulate vascular smooth muscle
function via endothelium-dependent and -independent
mechanisms.22–24 Recently, we demonstrated in a small
prospective study that levels of adipose interleukin (IL)-8,
tumor necrosis factor-a, monocyte chemoattractant pro-
tein (MCP)-1, resistin, and adiponectin were inversely
correlated with venous diameter change, and MCP-1 and
adiponectin were inversely correlated with flow volume
in human AVF at 4 to 6 weeks after access creation.25

Leveraging a subgroup of the large, well-
characterized Hemodialysis Fistula Maturation (HFM)
cohort,4 we sought to explore potential links between
local adipose phenotype and longitudinal anatomic and
physiologic characteristics of human AVF maturation.

METHODS

Study Participants

The prospective, multicenter National Institute of
Diabetes and Digestive and Kidney Diseases HFM
Study4 includes patients from 7 distinct centers. Of
these, 2 (UF Health/Malcom Randall VAMC and Boston
Medical Center) agreed to participate in the study
outlined herein. Patients at these 2 institutions pro-
vided their written informed consent to participate in
this institutional review board–approved study proto-
col. Complete exclusion criteria have been detailed
elsewhere.4 Most notably for the current investigation,
these included (i) patients not expected to initiate he-
modialysis within 3 months of fistula creation (patients
already on chronic hemodialysis at the time of fistula
surgery were not excluded), (ii) planned 2-stage fistula
creation, and (iii) planned use of prosthetic graft or
other nonautogenous conduit.

Clinical Data Collection

Demographic, clinical, and laboratory data were
obtained at the time of enrollment in the HFM Study.

Ultrasound Studies

The protocol for pre- and postoperative ultrasound and
vascular function studies has been described previ-
ously.4 Postoperative ultrasonography evaluating
vascular diameter and flow was performed 1 day after
AVF creation and repeated at 2 weeks, 6 weeks, and
before first cannulation (10–26 weeks postoperatively).
Venous parameters were measured at 4 locations: 2, 5,
10, and 15 cm from the arteriovenous anastomosis. All
studies were read by radiologists and administered by
Kidney International Reports (2018) 3, 970–978
technologists trained by the HFM Ultrasound Core,
which was responsible for overseeing study quality
and interoperator reliability.

Local Adipose Tissue Procurement and Protein

Assay

Following 8 hours of fasting and at the time of AVF
creation, trained surgeons collected 50 to 500 mg of ad-
ipose contiguous to the adventitia of the upper extrem-
ity fistula vein at the site of arteriovenous anastomosis.
All samples were immediately flash frozen in liquid ni-
trogen then stored at �80oC until the time of analysis.
Methods for protein assay from adipose tissues have
been described previously.26 Briefly, proteins were iso-
lated via serial homogenization and centrifugation, fol-
lowed by quantitative protein analysis using a Luminex
multiple antigen flowmicroparticle bead assay (Luminex
Corporation, Austin, TX). Nine biologic mediators were
assayed: adiponectin, IL-1b, -6, -8, leptin, MCP-1, plas-
minogen activator inhibitor-1, resistin, and tumor ne-
crosis factor-a. Quantities were adjusted by the total
protein concentration of each sample.

Statistical Analysis

Fractional diameter/flow changes in the outflow vein
(the difference between final and initial value, divided
by the initial value), were calculated in time intervals 1
day to 2 weeks, 2 to 6 weeks, and 6 weeks to first can-
nulation. Preliminary evaluation of the adipose mediator
concentration data set revealed a non-Gaussian, right-
skewed distribution, which was normalized using a
logarithmic (base 10) transformation. A linear mixed-
effect model was used to explore the relationship
among the dependent (change in venous diameter or
flow rate) and independent (adipose mediator level)
variables of interest. To account for the multiple diam-
eter measurements along the outflow vein that were
obtained at multiple times following AVF creation,
models included both time and location as categorical,
fixed-effect parameters. Interactions among these vari-
ables and other potential covariate factors were not
included in the model. Patients were modeled as a
random factor. To further examine the quantitative
relationship between diameter/flow changes and adipose
mediator concentration, simple linear regression
modeling in each time interval was used. To provide
further context to the magnitude of these observed re-
lationships, the association of clinical, demographic, and
anatomic characteristics, and upper/lower protein con-
centration quartiles with fractional diameter or flow
changes were individually assessed using analysis of
variance or Student t test. Multiple linear regression
modeling was performed to examine the association
between fractional diameter change in the early time
971
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interval and IL-6 or MCP-1, or between fractional flow
change in the intermediate time interval and leptin,
adjusting 7 other factors (fistula configuration, gender,
race, diabetes, smoking, renal replacement therapy, and
body mass index [BMI]). Variable selection proceeded in
a forward and backward stepwise fashion. Statistical
analyses were performed using R, v3.1.2 (R Core Team
[2014]. R: A language and environment for statistical
computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org/).
RESULTS

Baseline Patient Characteristics

In total, 111 patients from 2 of the 7 participating HFM
centers underwent quantitative analysis of local AVF
adipose protein levels and vascular ultrasound studies.
Baseline characteristics are shown in Table 1.

Adipose-Associated Mediators and

Postoperative Changes in Outflow Vein

Diameter

We assessed the relationship between local adipose
mediator levels and fractional changes in postoperative
vein diameter across all time intervals using mixed
effects regression modeling. The mixed effects model
incorporated multiple data elements from each patient at
different time intervals and locations along the outflow
vein (distance from anastomosis of 2 cm, 5 cm, 10 cm, and
15 cm). The change in vein diameter served as the
Table 1. Baseline demographic and clinical characteristics
Variable All patients (n [ 111)

Median age (IQR) 57 (13)

Sex

Female (%) 38 (34)

Male (%) 73 (66)

Race

African American (%) 57 (51)

White (%) 45 (41)

Other (%) 9 (8)

Median BMI (IQR) 29.6 (9.5)

Dialysis status

Dialysis-dependent (%) 69 (62)

Non–dialysis-dependent (%) 42 (38)

Comorbidities

Hyperlipidemia (%) 68 (61)

Diabetes mellitus (%) 74 (66)

Atherosclerotic vascular disease (%) 41 (37)

Smoking status

History of smoking 64 (58)

Nonsmoker 47 (42)

AVF configuration

Forearm cephalic (%) 13 (12)

Upper arm cephalic (%) 54 (49)

Upper arm transposed (%) 44 (39)

AVF, arteriovenous fistula; BMI, body mass index; IQR, interquartile range.
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dependent variable, whereas logarithmically (base 10)
transformed mediator levels were the independent var-
iables. A fractional diameter change of zero represents no
change in vein diameter and 1.0 represents a doubling of
the vein diameter within the time interval. IL-6 and
MCP-1 levels demonstrated an inverse relationship with
fractional diameter change over a period ranging from
day 1 to first cannulation (Table 2). For every 10-fold
increase in IL-6 and MCP-1 levels, there was a mean
4.8% and 8.5% decrease in vein diameter, respectively.
The fractional diameter change at the 25th and 75th
percentiles of IL-6 concentration were 14.7% and
13.8%, and 17.0% and 13.6% for MCP-1 concentration,
respectively. No other mediators demonstrated a statis-
tically significant relationship with fractional diameter
change (Table 2).

To further explore whether the interplay of local
adipose IL-6 and MCP-1 levels and remodeling parame-
ters varied during the initial weeks to months following
AVF creation, we used simple linear regressionmodeling
in each time interval. Because the diameter changes at
the 4 locations along the same fistula were not signifi-
cantly different, the mean of these 4 values was used.
Local adipose IL-6 and MCP-1 levels were found to be
highly correlated (r ¼ 0.83, P < 0.0001), and thus were
modeled individually. Both mediators were significant
predictors of the fractional vein diameter change during
the earliest time interval from postoperative 1 day to 2
weeks, but not at later time intervals (Figure 1), sug-
gesting a specific biologic window for the effects of these
mediators.
Vein Diameter Change and Demographic

Characteristics, Comorbidities, and Fistula

Configuration

To provide clinical context for the significant associa-
tions between adipose mediator level and outflow vein
Table 2. Fractional arteriovenous fistula vein diameter increase
across all time intervals as a function of local adipose mediator
levels

Perivascular
mediator Slopea

Percent diameter
change (at 25th--75th percentile

of the mediator value) P value

IL-6 �0.048 14.7%–13.8% 0.006

MCP-1 �0.085 17.0%–13.6% 0.005

IL-8 �0.046 14.2%–13.4% 0.07

Adiponectin �0.053 14.2%–12.7% 0.10

Leptin �0.023 13.5%–12.4% 0.19

Resistin �0.020 13.7%–12.7% 0.37

PAI-1 �0.026 14.1%–12.7% 0.42

TNFa �0.027 14.4%–12.2% 0.51

IL-1b �0.000 11.3%–11.8% 0.99

IL, interleukin; MCP, monocyte chemoattractant protein; PAI, plasminogen activator
inhibitor; TNF, tumor necrosis factor.
aSlope in relation to logarithmically transformed mediator levels.
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Figure 1. Fractional AVF diameter change as a function of local adipose mediator levels during each time interval. A significant relationship
between the fractional change in diameter and both IL-6 (P ¼ 0.01) and MCP-1 (P ¼ 0.02) was observed during the early phase of fistula
maturation. This corresponded to a 7.9% and 12.6% decrease in fistula diameter for every 10 pg IL-6/mg tissue or 10 pg MCP-1/mg tissue
increase in IL-6 and MCP-1 levels, respectively. In terms of absolute vein diameter changes, this represented a 0.45-mm and 0.30-mm difference
between the 10th and 90th percentiles of IL-6 and MCP-1 concentrations, respectively. AVF, arteriovenous fistula; IL, interleukin; MCP, monocyte
chemoattractant protein.
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remodeling, we examined the relative influence of
various clinical factors that have been previously
identified or suspected to influence AVF maturation.
Specifically, patient demographic characteristics,
comorbidities, and differences in anatomic configura-
tion were examined for their relationship with frac-
tional vein diameter change for each time interval.

In the earliest time interval, fistula configuration and
patients receiving dialysis were found to be significantly
associated with fractional diameter change, with diam-
eter increases of 27% and 23% in radio- and brachio-
cephalic AVFs versus 12% in transposed AVFs
(P¼ 0.001, analysis of variance) and 22% versus 18% in
patients with chronic kidney disease and HD-
dependence, respectively (P ¼ 0.011) (Table 3). For
comparison, patients in the lowest quartile of IL-6 con-
centration had a vein diameter increase of 23%, whereas
those in the highest quartile had a diameter increase of
11% (P ¼ 0.0002). Similarly, patients in the lowest
quartile of MCP-1 had a diameter increase of 23%,
compared with 12% for those in the highest quartile
(P ¼ 0.023). Gender, race, diabetes, hyperlipidemia,
Kidney International Reports (2018) 3, 970–978
smoking history, clinical manifestations of atheroscle-
rotic disease, and BMI were not significantly associated
with vein diameter change in this early time interval
(Table 3).

For the intermediate (2 to 6 weeks) time interval,
fistula configuration was the only variable significantly
associated with diameter change; for the late (6 weeks
to first cannulation) time interval, there were no vari-
ables significantly associated with diameter change
(Supplementary Table S1).

The association between fractional diameter change in
the early time interval and IL-6 or MCP-1 with 7 other
factors included was examined. For IL-6, the final mul-
tiple linear model only included IL-6, fistula configura-
tion, gender, diabetes, and BMI. Only fistula
configuration (P ¼ 0.028) and gender (P ¼ 0.044) were
significant; IL-6 (P ¼ 0.166), diabetes (P ¼ 0.082), and
BMI (P ¼ 0.125) were not significant. For MCP-1, the
final multiple linear model did not have MCP-1 and
included fistula configuration, gender, diabetes, and
BMI. Only fistula configuration (P¼ 0.0007) and gender
(P ¼ 0.036) were significant; diabetes (P ¼ 0.112) and
973



Table 3. Fractional arteriovenous fistula vein diameter change
during the early time interval (1 day to 2 weeks), as a function of
patient demographics, comorbidities, fistula configuration, and
adipose mediator levels

Demographics/comorbidities
Fractional diameter
change (mean ± SD) P value

Fistula configuration

Radiocephalic (13) 0.27 � 0.22 0.001

Brachiocephalic (50) 0.23 � 0.15

Basilic Transposition (37) 0.12 � 0.15

Gender

Male (69) 0.18 � 0.18 0.07

Female (31) 0.23 � 0.15

Race

Non–African American (45) 0.19 � 0.15 0.81

African American (54) 0.20 � 0.18

Diabetes

Yes (67) 0.17 � 0.16 0.12

No (33) 0.24 � 0.18

History of atherosclerotic disease

Yes (36) 0.17 � 0.16 0.32

No (64) 0.21 � 0.17

History of hyperlipidemia

Yes (60) 0.19 � 0.16 0.68

No (40) 0.20 � 0.18

History of smoking

Yes (60) 0.20 � 0.17 0.44

No (40) 0.19 � 0.17

Renal replacement therapy

Yes (61) 0.18 � 0.19 0.01

No (39) 0.22 � 0.13

BMI

<18.5 (underweight, 3) 0.31 � 0.22 0.31

$30 (obese, 47) 0.20 � 0.16

$18.5 and <30 (normal/overweight, 50) 0.18 � 0.18

IL-6

First quartile 0.23 � 0.17 0.0002

Fourth quartile 0.11 � 0.18

MCP-1

First quartile 0.23 � 0.18 0.023

Fourth quartile 0.12 � 0.13

BMI, body mass index; IL, interleukin; MCP, monocyte chemoattractant protein.
Numbers of patients are in parentheses.

Table 4. Fractional arteriovenous fistula flow increase across all
time intervals as a function of local adipose mediator levels

Perivascular mediator Slopea

Percent flow change
(at 25th--75th percentile
of the mediator value) P value

Leptin �0.145 30%–27% 0.03

MCP-1 �0.156 40%–25% 0.18

IL-6 �0.089 36%–26% 0.20

PAI-1 0.145 16%–24% 0.24

Adiponectin �0.078 29%–22% 0.53

Resistin 0.031 25%–22% 0.73

IL-1beta �0.053 26%–23% 0.74

TNF-alpha 0.048 20%–22% 0.76

IL-8 �0.008 31%–25% 0.93

IL, interleukin; MCP, monocyte chemoattractant protein; PAI, plasminogen activator
inhibitor; TNF, tumor necrosis factor.
aSlope in relation to logarithmically transformed mediator levels.
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BMI (P ¼ 0.118) were not significant. Therefore, asso-
ciation between fractional diameter change in the early
time interval and IL-6 or MCP-1 was no longer signifi-
cant when fistula configuration and gender were
considered.

Adipose-Associated Mediators and

Postoperative Changes in Vein Flow

Next, we assessed the relationship between local adi-
pose mediator levels and fractional AVF blood flow
change across all time intervals using mixed effects
regression modeling. The change in vein flow served as
the dependent variable, whereas logarithmically
transformed mediator levels were independent vari-
ables. Leptin concentration was inversely associated
with fractional flow increase. For every 10-fold increase
974
in leptin level, there was a 14.5% decrease in AVF flow.
No other cytokine mediators demonstrated a significant
association with fractional flow change (Table 4).

To further explore whether the interplay of local
adipose leptin levels and flow change varied by time,
we used simple linear regression modeling within each
time interval. Leptin was a significant predictor of the
increase in fractional AVF flow during the time interval
from 2 to 6 weeks after AVF creation, but not at other
time intervals (Figure 2).

Vein Flow Change and Demographic

Characteristics, Comorbidities, and Fistula

Configuration

To evaluate the relative influence of leptin versus other
clinical factors, we examined the associations of AVF
flow change with demographic characteristics, comor-
bidities, and fistula configuration. AVF configuration,
sex, race, diabetes, hyperlipidemia, smoking history,
clinical evidence of atherosclerotic disease, dialysis-
dependence, and BMI were not significant predictors
of AVF flow change at the 2- to 6-week time interval
(Table 5). Note that because of the large variability in the
leptin-flow relationship at the highest and lowest leptin
levels, comparing only the first and fourth quartiles (as
was done in Table 5) failed to replicate the previously
observed significance among these variables when all
data points were used. Expanding the analysis to
examine the early and late time intervals also failed to
demonstrate significant associations with patient de-
mographics, comorbidities, AVF configuration, and
leptin quartiles (Supplementary Table S2).

The association between fractional flow change in the
time intermediate interval and leptinwith 7 other factors
included was examined. The final model of the multiple
linear regression analysis included leptin only and thus
is the same as shown in Figure 2. Other factors were not
significant. Analysis of the current data set revealed no
Kidney International Reports (2018) 3, 970–978



Figure 2. Fractional AVF flow change as a function of local adipose leptin levels during each time interval. A significant relationship between
the fractional change in flow and leptin (P ¼ 0.01) was observed during the intermediate phase of fistula maturation. This corresponded to
a 26.8% decrease in flow for every 10-pg leptin/mg tissue increase in leptin levels. In terms of absolute flow changes, this represented a
132-ml/min difference between the 10th and 90th percentiles of leptin concentration.
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significant associations between adipose cytokine levels
and clinical usability of the fistula (IL-6: P¼ 0.47; MCP-
1: P ¼ 0.64; Leptin: P ¼ 0.10).
DISCUSSION

In this prospective study, we evaluated the relation-
ship between selected adipose tissue mediators,
collected at the time of AVF surgery, and sonographic
markers of vascular remodeling. We found that
increased levels of adipose IL-6 and MCP-1 were asso-
ciated with impaired expansion of the AVF vein in the
earliest time interval. Similarly, increased adipose lep-
tin level was associated with reduced capacity for flow
augmentation in the 2- to 6-week post-AVF creation
time period.

Although the vascular remodeling observed during
AVF maturation has traditionally been ascribed to
“inside-out” processes driven by hemodynamic
forces,5–8,27,28 the results of this study introduce the
additional modulation of “outside-in” local factors on
these vascular wall adaptations.29–32 Adipose tissue lies
contiguous to the arteries and veins used to construct
AVF, and surrounds the arteriovenous anastomosis. The
tissue likely also responds to the surgical trauma of
access placement.33 Adipose depots that may be associ-
ated with proinflammatory states, such as uremia, often
lie adjacent to AVF.34–37 Animal studies have demon-
strated that micewith a known proinflammatory adipose
phenotype38 had 44% smaller vein graft lumens after
arterialization due to overall negative wall remodeling.39

Circulating inflammatory mediators have been associ-
ated with AVF maturation failure and vascular access
dysfunction in animal models and human studies40–43;
however, the role of local adipose tissue in human AVF
Kidney International Reports (2018) 3, 970–978
maturation is not understood.We reported that levels of
local adipose-associated mediators correlated with
markers of vein remodeling at a single time point 4 to 6
weeks after access surgery.25 Here we expanded on that
work by evaluating vascular wall adaptations at several
time points, which extended from placement to first
cannulation, and in a larger, more diverse, and better-
described patient population.

Because maturation is a dynamic process occurring
over 12 or more weeks,25,44 we sought to explore
whether the interplay of adipose mediators and
remodeling parameters varied in the weeks to months
after AVF creation. We observed an early negative
effect of elevated IL-6 and MCP-1 on the degree of vein
dilation. These effects were statistically significant
between 1 day and 2 weeks postoperatively but not at
later time intervals. Interestingly, leptin linked to flow
volume adaptations in the 2- to 6-week time frame. This
suggests that adipose mediators exert their impact on
AVF remodeling during this early time window, which
is consistent with the authors’ previous finding of a
correlation between adipose mediator levels and
remodeling in the first postoperative 6 weeks.25 Also
interesting is the potential disconnect between media-
tors that are involved in the regulation of AVF geo-
metric remodeling and flow. Flow in a fistula is
dependent on a sequential series of resistances, deter-
mined by the inflow arteries, anastomosis, peripheral
veins, and central veins. Although it would not be
unexpected that there is a loose relationship between
flow and one of these resistances (i.e., peripheral vein
diameter), it would not be expected that the linkage
between flow and diameter is sufficiently strong to
carry through independent and separate analyses on
the influence of cytokine levels on these parameters. It
975



Table 5. Fractional arteriovenous fistula flow change during the
intermediate time interval (2 to 6 weeks after access creation), as a
function of patient demographics, comorbidities, fistula
configuration, and adipose mediator levels

Demographics/comorbidities
Fractional flow

change (mean � SD) P value

Fistula configuration

Radiocephalic (13) 0.42 � 0.71 0.22

Brachiocephalic (48) 0.12 � 0.52

Basilic Transposition (34) 0.28 � 0.73

Gender

Male (67) 0.24 � 0.65 0.68

Female (28) 0.17 � 0.60

Race

Non–African American (41) 0.21 � 0.71 0.68

African American (53) 0.22 � 0.58

Diabetes

Yes (65) 0.17 � 0.55 0.37

No (30) 0.33 � 0.78

History of atherosclerotic disease

Yes (34) 0.11 � 0.55 0.26

No (61) 0.28 � 0.67

History of hyperlipidemia

Yes (57) 0.15 � 0.58 0.18

No (38) 0.32 � 0.70

History of smoking

Yes (56) 0.19 � 0.72 0.19

No (39) 0.26 � 0.50

Renal replacement therapy

Yes (58) 0.24 � 0.66 0.72

No (37) 0.18 � 0.60

BMI

<18.5 (underweight, 3) 0.93 � 0.93 0.14

$30 (obese, 45) 0.10 � 0.54

$18.5 and <30 (normal/overweight, 47) 0.28 � 0.67

Leptin

First quartile 0.39 � 0.79 0.15

Fourth quartile 0.07 � 0.52

BMI, body mass index.
Numbers of patients are in parentheses.
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is intriguing to speculate that specific cytokines may
have a more dominant effect on biology specific to
reorganization of the wall (e.g., modulation of smooth
muscle cell migration), whereas other cytokines have
an influence on factors that would more directly affect
fistula flow (e.g., vascular dilation).

The National Kidney Foundation Kidney Disease
Outcomes Quality Initiative and the Society for Vascular
Surgery clinical practice guidelines recommend radio-
cephalic fistula as the preferred AVF configuration based
on the potential for future access options rather than on
maturation outcomes.2,45 We also explored the impact of
fistula configuration on the relationship between adipose
mediator levels and postoperative fistula remodeling.
Interestingly, the magnitude of the effect of changes in
local adipose IL-6 andMCP-1 on venous dilation were on
par with differences in venous dilation between trans-
posed upper arm basilic and simple cephalic-based
AVFs. As with fistulas created in the setting of
976
elevated IL-6 and/or MCP-1, transposed AVFs demon-
strated diminished dilation.

From a clinical perspective, maturation to a durable
access conduit is the most critical question. Analysis of
the current data set revealed no significant associations
between adipose cytokine levels and clinical usability
of the fistula. In part, this speaks to the notable
disconnect between physiologic and clinical matura-
tion. Future advances in dialysis access care will need
to both modulate the conduit biology to maximize
outward AVF remodeling and improve processes of
care to reduce the mismatch between physiologic and
clinical maturation. Given these issues, the lack of a
statistically significant association between cytokine
levels and clinical usability is not unexpected.

Adipose phenotype has previously been shown to be
altered by clinical comorbidities: adiposopathy being
most commonly reported in association with metabolic
syndrome and obesity.26,46 Adiposopathy has also been
reported in association with chronic kidney
disease.37,47,48 Interestingly, we found that dialysis-
dependence at the time of fistula creation had a
similar effect as elevations of IL-6 and MCP-1 on vein
diameter change: the subgroup of patients who were
being actively dialyzed in the period of AVF creation
had impaired vein dilation. In the current cohort, BMI
alone did not correlate with local IL-6 or MCP-1 levels;
increasing BMI was associated with increasing peri-
vascular leptin (Supplementary Table S3), but it did
not predict fractional vein diameter or flow change.

Our findings must be interpreted within the context
of our study design. The demographic characteristics of
participants is skewed in comparison with the broader
population of HD patients in the United States, and
thus the generalizability of the findings to that popu-
lation is unclear. Due to the invasive nature of adipose
tissue procurement, fat was collected only at the time of
access creation surgery. It is certainly plausible that the
adipose phenotype may be modulated by fistula crea-
tion, adding another dynamic layer to these biologic
interactions. Also, the involvement of multiple sur-
geons for tissue harvest may have led to some vari-
ability. Although they were instructed to harvest
perivenous adipose, it is possible that some subcu-
taneous adipose samples were included, and the
phenotype of these 2 depots can differ.49 Although a
dedicated ultrasound core was used, interobserver
variability is inherent in the sonographic technique.
Systemic inflammatory markers were not studied in
this focused study of the impact of local adipose tissue;
we anticipate that the current work will motivate
broader examinations of interactions between systemic
and local adipose inflammation and human fistula
maturation. Perioperative local mediator levels were
Kidney International Reports (2018) 3, 970–978
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not significantly associated with ultimate access matu-
ration; this may be in part due to the complex, multi-
factorial nature of fistula maturation, as well as the
relatively small sample size. Most importantly, precise
mechanisms cannot be derived from this observational,
associative study, although the novel links discovered
from this work should stimulate further investigations.

In summary, we report impaired fistula vein dilation
and reduced capacity for flow augmentation in the
setting of elevated local adipose-associated mediators,
particularly at early time points, in transposed upper
arm fistula configurations, and in patients who are
dialysis-dependent at the time of AVF surgery. If
further work elucidates the findings of this observa-
tional, associative study, interventions to alter baseline
adipose phenotype50 in view of the plasticity of the
adipose organ (such as short-term prefistula placement
dietary perturbations33,51,52) may offer a novel strategy
to enhance human fistula maturation.
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