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Introduction: Factors contributing to racial disparities in arteriovenous fistula (AVF) use among hemodi-

alysis (HD) patients remain poorly defined. We evaluated whether the Black/White race disparity in AVF

use is affected by vascular access surgeon supply.

Methods: Using Consolidated Renal Operations in a Web-Enabled Network (CROWNWeb) and Medicare

claims data from the US Renal Data System (USRDS), competing risk analyses of all US patients initiating

HD with a central venous catheter (CVC) from 2016 to 2017 (n ¼ 100,227) were performed. The likelihood of

successful AVF use was compared between Black and White patients after adjusting for vascular access

surgeon supply.

Results: Compared with the first (lowest) quartile of surgeon supply, higher supply levels were associated

with modestly increased adjusted likelihoods of overall AVF use: 4% (95% CI 1.4%–7.2%), 4% (95% CI

1.4%–7.1%), and 3% (0.0%–6.1%) for second, third, and fourth quartiles, respectively. Although areas with

lower surgeon supply had a higher proportion of Black patients, residing in areas with a greater surgeon

supply was not significantly associated with a mitigation in racial disparity. Specifically, compared with

White patients, Black patients were 10% (95% CI 7%–13%) and 8% (95% CI 5%–11%) less likely to have

successful AVF use in lower and higher surgeon supply areas, respectively.

Conclusion: Regions with lower surgeon supply had a higher proportion of Black dialysis patients. How-

ever, racial disparities in AVF use among patients initiating HD with a CVC were similar in regions with a

high and low surgeon supply. Other patient, provider, and practice factors should be evaluated toward

mitigating lower rates of AVF use among Black HD patients.

Kidney Int Rep (2022) 7, 1575–1584; https://doi.org/10.1016/j.ekir.2022.04.010

KEYWORDS: arteriovenous fistula; ESKD; hemodialysis; racial disparities; surgeon supply

ª 2022 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
D
elivering HD thrice weekly to patients with end-
stage kidney disease (ESKD) requires a reliable

vascular access that can provide a sufficient blood
flow into the extracorporeal dialysis circuit. Among
the 3 types of vascular access, an AVF is preferred
because its use is associated with better quality of
life, fewer infections, and improved survival,
compared with use of a CVC or an arteriovenous graft
(AVG).1,2 AVF use has increased in the United States.
HD patients increased from 24% in 1998 to 20003 to
66% in 2018.4 Despite these overall improvements, as
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compared with White patients, Black patients continue
to lag in AVF use.5 In a cohort of older adults who initi-
ated HD with a CVC, we previously reported lower
rates of AVF placement, maturation, and primary
patency among Black compared with White patients,
after controlling for a range of patient and dialysis fa-
cility characteristics.6 The root causes contributing to
persistent Black/White disparities in AVF use remain
poorly defined.

A recent study reported substantial geographic
variation in the supply of vascular access surgeons by
Hospital Referral Region (HRR), calculated as the
number of surgeons performing access procedures per
1000 prevalent patients with ESKD.7 Specifically, the
supply of surgeons was lower in HRRs with a higher
unemployment rate and a lower supply of primary care
physicians and nephrologists. This observation
1575
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suggests that vascular access surgeons are less likely to
practice in socioeconomically disadvantaged areas.
Previous publications have reported that area-level
poverty was associated with both a lower likelihood
of AVF use at the start of HD and a greater disparity in
ESKD rates between Black and White individuals.8–10

The lower supply of surgeons in these geographic
areas, a previously overlooked factor, may in part
explain the lower frequency of AVF use among Black
HD patients. To pursue this question, we investigated
patients with ESKD in the United States who initiated
HD with a CVC in 2016 and 2017 and assessed the
likelihood that they would use an AVF in the ensuing
12 months. We evaluated the association between the
availability of surgeons in the patients’ area of resi-
dence and AVF use 1 year after dialysis initiation.
Finally, we assessed whether racial disparities in AVF
use were attenuated in areas with higher surgeon
supply.
METHODS

Data Source

The primary data source for this study was the USRDS,
a national registry of patients with ESKD.11 The
following components of USRDS were used: (i) Centers
for Medicare & Medicaid Services ESKD Medical Evi-
dence Form 2728, completed by dialysis facilities on all
incident dialysis patients, was used to obtain type of
vascular access in use at the start of ESKD, including
demographics, such as sex and race, and comorbid
condition information. (ii) CROWNWeb data, submit-
ted by dialysis facilities monthly, were used to extract
and track the type of vascular access in use (during the
last HD session of the month) for each outpatient
dialysis month after onset of ESKD. Unlike Medicare
claims data, CROWNWeb allowed us to include all
outpatient dialysis patients in the United States,
regardless of their use of Medicare as their primary
payer. (iii) Medicare claims data, including inpatient,
outpatient, and physician/supplier claims, were used to
identify surgeons who performed vascular access pro-
cedures by their National Provider Identifier numbers.
(iv) USRDS Patients File was used to obtain date of
death and first kidney transplant. Furthermore, Na-
tional Provider Identifier numbers of identified physi-
cians were linked with Centers for Medicare &
Medicaid Services National Provider Identifier files by
crosswalk provided by USRDS to obtain physicians’
ZIP code, which was later linked with publicly avail-
able geographic boundary files from the Dartmouth
Atlas of Health Care12 to obtain physicians’ HRR for
calculation of surgeon supply at the HRR level. Finally,
the Area Health Resources File was used to measure
1576
county-level sociodemographic factors.13,14 Institu-
tional review board approval was exempt because all
data were encrypted and deidentified.

Patient Population

For this retrospective cohort study, all patients with a
first ESKD service date between January 1, 2016, and
December 31, 2017, who started in-center HD with a
CVC only and did not have a maturing vascular access
in place were included. Patients were required to be 18
years and older, have had HD as their initial dialysis
modality, and have survived the first 30 days of ESKD.
We excluded patients whose primary cause of kidney
failure was acute kidney injury, as many of these pa-
tients do not require long-term dialysis. We restricted
the population to Black and White patients, regardless
of ethnicity. Patients were followed up for 12 months
starting from the study baseline (the patients’ second
month of HD) until permanent use of AVF or AVG,
switch to peritoneal dialysis, kidney transplantation, or
death. The cascade of 100,227 patients included based
on the study selection criteria is depicted in Figure 1.

Study Measures

The main independent variable of interest was the
supply of surgeons, defined as the number of surgeons
performing AVF or AVG placement per 1000 prevalent
patients with ESKD, across 306 HRRs in 2016 and
2017.6 Physicians who performed AVF or AVG place-
ment procedures were determined based on the Na-
tional Provider Identifiers from all 2016 to 2017
Medicare claims for vascular access procedures and
then aggregated for each HRR region. These claims
included Current Procedural Terminology codes 36800,
36810, 36818, 36819, 36820, 36821, and 36825 for AVF
placements and CPT code 36830 for AVG placements.
Number of ESKD patients, as the denominator of sur-
geon supply measure, was calculated by adding all
prevalent dialysis patients in 2016 to 2017 CROWN-
Web data in each HRR region based on the ZIP code for
patients’ residence.

Multivariable analyses were adjusted for patient,
dialysis facility, and ZIP code-specific characteristics.
Patient characteristics included age (<45, 45 to <65, 65
to <80, and 80þ years), sex, race (Black or White),
primary cause of kidney failure (diabetes, hyperten-
sion, glomerulonephritis, and other), insurance type
(Medicare, Medicaid, employer group coverage,
Department of Veterans Affairs or other, and
uninsured), pre-ESKD nephrology care, body mass
index (<24.0, 24.0 to <28.3, 28.3 to <34.1,
and $34.1 kg/m2), drug or alcohol dependence, func-
tional status (amputation, inability to ambulate or
transfer, needs assistance with daily activities), and
Kidney International Reports (2022) 7, 1575–1584



255,809 adults (>18 yrs) incident to ESRD in 2016 and 2017

131,923 used CVC only (no maturing AVF or AVG) at ESKD onset

112,130 were undergoing outpa�ent hemodialysis in second month of ESKD with CVC (baseline)

222,015 had hemodialysis as the ini�al dialysis treatment modality

215,990 did not have acute kidney injury as primary cause of kidney failure

106,992 had complete baseline informa�on and can be linked to hospital referral region (HRR)

100,227 were White (71%) or Black (29%) — Final Study Cohort

Figure 1. Flowchart of patient selection for study cohort. AVF, arteriovenous fistula; AVG, arteriovenous graft; CVC, central venous catheter;
ESRD, end-stage renal disease; HRR, Hospital Referral Region.
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institutionalization (e.g., in a nursing facility). The
major comorbid conditions extracted were diabetes on
insulin, hypertension, coronary artery disease
including arteriosclerotic heart disease and myocardial
infarction, congestive heart failure, peripheral vascular
disease, and cerebrovascular disease. Facility charac-
teristics evaluated included end-stage renal disease
(ESRD) network (18 ESRD networks), ownership (major
chain, minor chain, or independent), freestanding or
hospital-based, profit status (profit or nonprofit), and
facility size based on number of patients (<58, 58–86,
86–122, and $122; cutoffs were based on quartiles of
the facility size distribution). Finally, we characterized
the sociodemographic conditions corresponding with
each patient’s residential county as percent of White
population, percent of urban population, percent of
adults with a high school diploma, percent of popula-
tion living in poverty, unemployment rate, and per
capita income (average income earned per person).

The primary study outcome was time (in months) to
AVF use, defined as successful AVF use after removal of
the CVC, within 12 months of dialysis initiation.
Competing events (when CVC dialysis access would
cease) included transition to AVG, switch to peritoneal
dialysis, kidney transplantation, and death. Censoring
events included administrative censoring (defined as 12
months after study baseline) and loss-to-follow up
(defined as the second consecutive month with missing
vascular access type).

Statistical Analysis

All analyses were performed at the patient-level after
assigning HRR-level surgeon supply to individual pa-
tients. Counts and proportions were used to describe
patient, facility, and community characteristics by
surgeon supply level. Competing risk regression and
survival analyses were used to estimate the association
between surgeon supply and time to first AVF use.
Kidney International Reports (2022) 7, 1575–1584
Because censoring on competing events precludes the
occurrence of an event of interest, it can bias the esti-
mates of the time to AVF use.15 We therefore adopted
the subdistribution hazard model developed by Fine
and Gray16 to account for the possible nonindepen-
dence of the censoring on competing events. Unad-
justed and adjusted competing risk analysis of Fine and
Gray16 was conducted with the event of interest (AVF
use) being coded as 1. Using the algorithm developed
by Zhang and Zhang17 for the subdistribution hazard
model, a direct adjusted cumulative incidence function
curve was produced by surgeon supply and patient
race. All models were implemented in SAS, version 9.4
(SAS Institute, Inc., Cary, NC).

RESULTS

A total of 100,227 patients were receiving HD with a
CVC after surviving the first 30 days of ESKD
(Figure 1). At the end of the 12-month study follow-up,
15.5% had died, 0.8% had a kidney transplant, 4.7%
switched to peritoneal dialysis from HD, and 10.5%
were censored owing to missing vascular access data
for at least 2 consecutive months. Among the patients
not censored owing to a competing event, 42.4% were
using an AVF, 12.9% were using an AVG, and 13.5%
were still using a CVC at 12 months.

Characteristics Across Surgeon Supply Levels

On average, there were 11.4 surgeons performing
vascular access procedures in HRRs per 1000 US ESKD
patients. These HRRs were divided into 4
quartiles, <8.6, 8.6–10.5, 10.6–13.5, and >13.6 per
1000 patients with ESKD, respectively. The median
number of AVFs placed per surgeon in the 4 surgeon
supply quartiles was inversely associated with the
surgeon supply (Table 1). Patient age and sex distri-
butions were similar across the 4 surgeon supply
quartile areas. However, compared with the first
1577



Table 1. Differences in patient and dialysis facility characteristics between quartiles of vascular surgeon supply across Hospital Service Areas
(N ¼ 100,227)

Variable

Quartiles of surgeon supply (number of surgeons/1000 patients)

First (<8.6) Second (8.6 to <10.6) Third (10.6--<13.6) Fourth (‡13.6)

Median [IQR] number of AVF creations per surgeon 11.3 [8.7–15.6] 10.2 [9.2–12.0] 8.0 [7.3–9.2] 6.5 [5.5–7.8]

Age (yr)

<45 11.6 12.3 11.2 10.6

45 to <65 39.7 39.5 36.9 34.8

65 to <80 36.4 35.9 37.7 39.7

80þ 12.3 12.2 14.1 14.9

Male sex 56.2 56.8 56.4 57.8

Black race 31.6 30.0 31.9 24.1

Primary cause of kidney failure

Diabetes 51.1 50.2 47.1 47.2

Hypertension 32.5 32.3 33.0 29.4

Glomerulonephritis 5.7 6.1 6.9 8.2

Insurance

Medicaid 32.5 27.8 27.0 25.0

Medicare 45.8 47.5 51.9 54.8

Private employer group health insurance 9.8 10.8 10.2 10.8

Uninsured 5.7 7.4 5.0 3.2

Predialysis nephrology care 51.1 52.1 54.3 57.3

BMI, mean (SD), kg/m2 29.9 (8.2) 29.8 (8.1) 29.9 (8.2) 29.8 (8.2)

Coronary artery disease 11.4 11.6 13.9 16.7

Congestive heart failure 32.5 30.3 33.7 33.7

Diabetes mellitus 44.5 44.2 43.1 43.8

Hypertension 88.0 87.9 87.9 87.1

Transient ischemic attack 8.9 8.4 9.8 9.8

Peripheral vascular disease 9.6 8.9 10.4 11.7

Drug/alcohol use 3.0 2.8 3.3 3.4

Institutionalized 9.2 8.6 11.1 11.7

Needs assistance with daily activities 15.2 14.6 16.2 16.0

Dialysis chain affiliation

DaVita 36.2 35.8 34.1 32.1

Fresenius 34.6 40.1 39.1 34.9

Midsized 15.4 12.0 11.1 13.3

Small/nonchain 13.8 12.1 15.7 19.7

Freestanding (nonhospital-based) facilities 96.1 97.8 94.7 92.7

For-profit facilities 90.4 93.1 89.0 84.1

Dialysis facility size (number of patient), mean (SD) 108 (64) 98 (57) 94 (55) 87 (51)

Geographic regiona

Northeast (networks 1–5) 9.9 9.4 29.3 33.9

Southeast (networks 6–8, 13, 14) 35.2 52.4 36.2 30.8

Midwest (networks 9–12) 23.0 15.9 25.4 26.6

West (networks 15–18) 31.9 22.2 9.1 8.7

BMI, body mass index; CO, Colorado; FL, Florida; IL, Illinois; IN, Indiana; IQR, interquartile range; MN, Minnesota; MO, Missouri; MS, Mississippi; NC, North Carolina; N-CA, North
California; NJ, New Jersey; NY, New York; OK, Oklahoma; PA, Pennsylvania; S-CA, South California; TX, Texas; WA, Washington.
aNortheast includes New England, NY, NJ Trans-Atlantic, PA, and Mid Atlantic. Southeast includes NC, FL, MS, OK, and TX. Midwest includes IN tristate, IL, MN, and MO. West includes
CO, WA, N-CA, and S-CA.
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quartile, the fourth quartile of surgeon supply
included a lower proportion of Black patients; a higher
prevalence of coronary artery disease, cerebrovascular
disease, and peripheral vascular disease; a higher
number of institutionalized patients; and a higher
prevalence of predialysis nephrology care. The fourth
quartile of surgeon supply also included a lower pro-
portion of patients with markers of low socioeconomic
status, including Medicaid insurance or lack of insur-
ance at dialysis initiation. Patients in the fourth
1578
quartile of surgeon supply were also less likely to be
dialyzing at a for-profit dialysis unit. The supply of
vascular access surgeons seemed to be highest in the
Northeast and lowest in the West regions (Table 1).
Figure 2 illustrates the distribution of surgeon supply
by individual ESRD network.

Table 2 illustrates the distribution of surgeon supply
by HRR characteristics. The overall populations of
HRRs with higher supply of surgeons were more likely
to be White, have a high school diploma, be employed,
Kidney International Reports (2022) 7, 1575–1584



Figure 2. Average surgeon supply by ESRD network among study population (N ¼ 100,227). ESRD, end-stage renal disease.
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and have a higher income (P < 0.001 for each popu-
lation attribute).

Association Between Surgeon Supply and

Overall AVF Use

The unadjusted and adjusted hazard ratio estimates of
AVF use derived from the multivariable competing risk
models are found in Table 3. Compared with the first
quartile of surgeon supply, the adjusted analysis
revealed that higher supply quartiles were associated
with modestly increased likelihoods of AVF use: 4%
(95% CI 1.4%–7.2%), 4% (95% CI 1.4%–7.1%), and
3% (0.0%–6.1%) for second, third, and fourth quar-
tiles, respectively. In unadjusted and adjusted models,
Black race, older age, female sex, coronary artery dis-
ease, congestive heart failure, or cerebrovascular dis-
ease, drug or alcohol use, and being dependent in
activities of daily living were each associated with a
lower likelihood of AVF use within 1 year of HD
initiation (Table 3). Higher body mass index and hy-
pertension were associated with a higher likelihood of
AVF use within 12 months of HD initiation. Private
Table 2. Differences in community characteristics by quartiles of vascula

Variable

Surgeon supply quarti

First (<8.6) Secon

% White population, 2010 64.9 (17.0)

% persons in poverty, 2017 16.3 (5.6)

% Persons 25þ w/<HS diploma, 2013–2017 16.1 (6.3)

Unemployment rate, age 16þ, 2017 5.2 (1.4)

Per capita personal income ($), 2017 45,801 (11,708) 46

Per capita personal income ($), median (IQR) 43,074 (38,816–50,197) 45,642

% Urban population, 2010 81.6 (24.2)

ANOVA, analysis of variance; ESKD, end-stage kidney disease; HS, high school; IQR, interqua
aP < 0.001 by ANOVA analysis.

Kidney International Reports (2022) 7, 1575–1584
insurance at HD initiation, predialysis nephrology care,
and treatment at a large-chain dialysis facility were also
associated with increased likelihood of AVF use. In
addition, AVF use varied by ESRD network (Table 3).
A visual depiction of key findings from Table 3 can be
found in Figure 3.

Surgeon Supply and Racial Disparities in AVF

Use

We plotted both crude and direct adjusted cumulative
incidence function curves for the incidence of AVF use
to accommodate for competing risks, disaggregated by
patient race (White vs. Black) and surgeon supply
quartile (high [combined quartiles 3 and 4] vs. low
[combined quartiles 1 and 2]) (Figure 4a and b).
Residing in areas with a greater surgeon availability
was not found to be associated with less racial disparity
in likelihood of AVF use. Specifically, compared with
White patients, Black patients were 10% (95% CI 7%–
13%) and 8% (95% CI 5%–11%) less likely to have
successful AVF use in low and high surgeon supply
areas, respectively (Figure 2 illustrates the somewhat
r surgeon supply
le (number of surgeons per 1000 patients with ESKD), mean (SD)a

d (8.6 to <10.6) Third (10.6--<13.6) Fourth (‡13.6)

67.2 (16.9) 71.0 (17.6) 77.7 (14.9)

15.5 (5.4) 14.5 (5.0) 13.1 (4.7)

16.0 (6.6) 12.9 (4.6) 11.2 (4.4)

4.8 (1.5) 4.5 (1.1) 4.4 (1.1)

,969 (11,273) 50,686 (18,031) 50,758 (14,237)

(38,614–53,300) 47,365 (41,202–55,859) 46,829 (40,960–58,048)

80.6 (26.4) 79.8 (25.3) 79.0 (24.8)

rtile range; w, with.
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Table 3. HR of AVF use based on univariate and multivariate competing risk analysis
Covariatea Level Unadjusted HR (95% CI) Adjusted HR (95% CI)

Primary exposure of interest

Surgeon supply group, by quartile First (<8.6) Reference

Second (8.6 to <10.6) 1.05 (1.02–1.07) 1.04 (1.01–1.07)

Third (10.6 to <13.6) 0.98 (0.96–1.01) 1.04 (1.01–1.07)

Fourth ($13.6) 0.96 (0.94–0.99) 1.03 (1.00–1.06)

Race Black 0.93 (0.91–0.95) 0.90 (0.88–0.92)

White Reference

Patient sociodemographic and clinical factors at hemodialysis initiation

Age <45 Reference

45 to <65 1.01 (0.99–1.04) 1.04 (1.01–1.07)

65 to <80 0.83 (0.81–0.86) 0.92 (0.89–0.95)

80þ 0.64 (0.61–0.66) 0.74(0.71–0.77)

Sex of patient Male 1.47 (1.44–1.50) 1.46 (1.43–1.49)

Female Reference

Insurance status at ESRD onset Private employer group insurance Reference

Medicaid 0.77 (0.75–0.80) 0.92 (0.89–0.95)

Medicare 0.73 (0.71–0.76) 0.93 (0.90–0.96)

DVA or other 0.86 (0.83–0.90) 0.93 (0.89–0.97)

Uninsured 0.92 (0.88–0.96) 0.95 (0.91–0.99)

Primary cause of renal failure Diabetes 1.08 (1.06–1.11) 1.05 (1.03–1.08)

Glomerulonephritis 1.03 (0.99–1.07) 0.94 (0.90–0.98)

Hypertension Reference

BMI (kg/m2) <24.0 Reference

24.0 to <28.3 1.18 (1.15–1.21) 1.12 (1.09–1.15)

28.3 to <34.1 1.28 (1.24–1.31) 1.19 (1.16–1.23)

$34.1 1.25 (1.22–1.29) 1.21 (1.17–1.24)

Nephrology care before ESRD Yes vs. no 1.07 (1.04–1.09) 1.08 (1.05–1.10)

Comorbid conditions

Coronary artery disease Yes vs. no 0.89 (0.86–0.91) 0.97 (0.94–1.00)

Drug and alcohol use Yes vs. no 0.85 (0.81–0.90) 0.82 (0.78–0.87)

Congestive heart failure Yes vs. no 0.83 (0.82–0.85) 0.89 (0.88–0.91)

Need assistance with daily activities Yes vs. no 0.66 (0.64–0.68) 0.82 (0.79–0.84)

Hypertension Yes vs. no 1.23 (1.19–1.27) 1.19 (1.15–1.22)

Transient ischemic attack Yes vs. no 0.82 (0.79–0.85) 0.91 (0.88–0.94)

Institutionalized Yes vs. no 0.57 (0.55–0.59) 0.72 (0.69–0.75)

Dialysis facility characteristics and ESRD network

Dialysis chain affiliation DaVita 1.31 (1.27–1.35) 1.27 (1.23–1.32)

Fresenius 1.14 (1.11–1.17) 1.08 (1.05–1.12)

Midsized 1.07 (1.03–1.11) 1.05 (1.01–1.09)

Small/nonchain Reference

Hospital affiliation Hospital based vs. Freestanding 0.87 (0.83–0.91) 0.97 (0.91–1.04)

Dialysis facility ownership For profit vs. nonprofit 1.11 (1.08–1.15) 1.01 (0.97–1.06)

ESRD networkb Southern California network Reference

(CT) network of New Englandb 1.01 (0.95–1.07) 1.11 (1.03–1.19)

(NY) network of NYb 0.91 (0.86–0.96) 1.09 (1.03–1.16)

(FL) ESRD network of FLc 0.79 (0.76–0.83) 0.82 (0.78–0.87)

(IL) Renal network of ILc 0.79 (0.74–0.83) 0.87 (0.81–0.92)

Community (county) characteristics

% With high school diploma >12.9 (median) vs. #12.9 1.05 (1.03–1.07) 1.06 (1.03–1.08)

Unemployment rate >4.7% (median) vs. #4.7% 0.97 (0.95–0.99) 0.98 (0.96–1.00)

% Urban >80.2 (median) vs. #80.2 1.01 (0.99–1.03) 1.04 (1.01–1.06)

% White >70.3 (median) vs. #70.3 1.01 (0.99–1.03) 1.04 (1.01–1.06)

AVF, arteriovenous fistula; BMI, body mass index; CT, Connecticut; ESRD, end-stage renal disease; FL, Florida; HR, hazard ratio; IL, Illinois; NY, New York.
aAll were adjusted in the multivariate analysis. Two additional patient-level covariates (diabetes on insulin and size of dialysis facility) and 3 area-level covariates (percent without
insurance, median household income, and percent below poverty level) were found to be nonsignificant in both univariate and multivariate analyses.
bIndividual ESRD networks were adjusted in the model. Two ESRD networks with highest AVF use.
cTwo networks with lowest AVF use (18 networks).

CLINICAL RESEARCH Y Zhang et al.: Surgeon Supply and Racial Disparities in AVF Use
lower adjusted rates). These findings were consistent
with the nonsignificant 2-way interaction between race
and surgeon supply quartile groups (P ¼ 0.235),
1580
indicating the relationship between race and AVF use
was not modified by surgeon supply. In 1 sensitivity
analysis, we included AVG as an event of interest,
Kidney International Reports (2022) 7, 1575–1584



Figure 3. HRs of AVF use for selected covariates based on multivariate competing risk analysis. AVF, arteriovenous fistula; F, female; HR, hazard
ratio; M, male; Ref., reference.

Figure 4. Cumulative incidence of AVF use by SS and race. (a) Unadjusted; (b) adjusted. The weighted partial likelihood estimation directly
assesses the intervention (SS) effects for the target event even in the presence of a competing and possibly informative relationship between
multiple competing events. The racial disparities in AVF use are similar in areas with low and high SS. AVF, arteriovenous fistula; CVC, central
venous catheter; HD, hemodialysis; HR, hazard ratio; SS, surgeon supply.
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rather than a competing risk. The results were similar
to the ones reported in the current study (data not
found). In a second sensitivity analysis, we calculated
surgeon supply using the dialysis facility’s ZIP code
rather than the ZIP code corresponding to the patient’s
residence. We repeated the analysis by restricting the
study population to those who received pre-ESRD
nephrology care. Again, the results were unchanged
(data not found).
DISCUSSION

The goal of the current study was to assess whether the
surgeon supply was associated with the likelihood that
a patient initiating HD with a CVC would use an AVF
during follow-up and whether racial disparities in AVF
use would be mitigated in areas with a higher surgeon
supply. Using a large national database of dialysis pa-
tients, we had 3 major findings. First, patients living in
areas with a higher surgeon supply had a modestly
higher adjusted likelihood of using an AVF during
follow-up. Second, Black HD patients were less likely
to live in areas with a higher surgeon supply. Finally,
the disparity in AVF use between Black and White HD
patients was not attenuated in areas with a higher
surgeon supply. Collectively, these observations sug-
gest that racial disparities in AVF use among patients
initiating HD with a CVC cannot be explained by
variations in surgeon supply.

The lower rate of AVF use in Black, as compared
with White, HD patients has been repeatedly demon-
strated,18–21 with Black patients having an absolute
10% lower rate of AVF use. However, the explanation
for this racial disparity in AVF use remains poorly
understood. Black and White HD patients have
different demographic profiles, comorbid disease
burden, access to medical care, income, and medical
insurance. However, the lower AVF use among Black
patients persists even after robust statistical adjustment
for these factors.6 We recently reported significant
differences in several AVF processes of care between
older adult Black and White HD patients. Black pa-
tients starting HD with a CVC were less likely to have
an AVF placed, less likely to have it mature following
placement, and less likely to maintain AVF patency
after its maturation.6 However, it is not clear what
underlying factors account for these differences in AVF
processes of care.

Potential contributors to lower AVF use among
Black HD patients may be related to patient, pro-
vider, or system factors. The contribution of pro-
vider factors has been inadequately explored. A
recent publication highlighted geographic differences
in the supply of surgeons performing vascular access
1582
procedures.7 This study found lower surgeon supply
in areas with greater proportions of Black residents,
higher poverty rates, and lower availability of ne-
phrologists, in agreement with the findings in the
current study. In geographic areas with a lower
surgeon supply, there could potentially be longer
delays in achieving a mature AVF. Specifically, we
hypothesized that in geographic areas with a low
surgeon supply, racial disparities in AVF use would
be augmented, whereas they would be attenuated in
areas with a high surgeon supply. The current study
observed similar disparities in AVF use between
Black and White HD patients in regions with high
and low surgeon supply, suggesting that the surgeon
supply was not a major limiting factor in achieving a
functional AVF. In other words, simply increasing
the supply of vascular access surgeons is not likely
to eliminate racial disparities in AVF use.

Theoretically, a higher surgeon supply would
translate into a shorter waiting time for an HD patient
to receive an AVF and to undergo subsequent in-
terventions that may be needed if the AVF fails to
mature. In contrast to this expectation, the likelihood
of AVF use within 12 months of HD initiation with a
CVC was only 4% greater in geographic regions with
the highest versus lowest quartile of surgeon supply.
What may account for such surprisingly small differ-
ences in AVF usage? One potential clue is that surgeons
in the highest quartile of surgeon supply averaged a
lower number of AVF placements, as compared with
those in the lowest quartile. It is possible that the lower
volume of procedures translates into less experienced
surgeons with inferior AVF maturation outcomes.22

Unfortunately, the vascular access data from
CROWNWeb are not sufficiently granular to permit
reliable distinction between delays in the following 2
sequential AVF processes of care affecting AVF use:
initial AVF placement versus subsequent interventions
directed at salvaging AVFs that failed to mature after
their placement.

The strengths of the current study include the
very large national cohort of incident HD patients,
which included >100,000 patients; the use of the
CROWNWeb database to assess time to AVF use; and
the inclusion of incident patients of all ages and
different insurance status, rather than just older
Medicare-eligible patients. Our study also has some
limitations. First, we were not able to evaluate in-
dividual AVF processes of care that impact AVF use.
Therefore, we were also not able to ascertain the
clinical decision-making process of the surgeons
regarding whether a given patient would undergo
AVF creation. Second, we did not have information
about preoperative vascular measurements that might
Kidney International Reports (2022) 7, 1575–1584
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affect the success of AVF maturation. Third, we
could not assess HD patient beliefs or attitudes that
may affect their willingness to have an AVF placed
or revised. Fourth, we excluded from our analysis
patients undergoing pre-ESKD AVF placement, so we
cannot state whether the likelihood of AVF use
differed between Black and White patients in this
patient subset. However, there are substantial racial
differences in health care insurance and access to
medical care, which would greatly confound the
analysis in such patients. In contrast, racial dispar-
ities in insurance and access to medical care are
substantially diminished once maintenance dialysis
has been initiated.6 Fifth, we were not able to
determine whether the surgeon supply varied by
surgical subspecialty (vascular surgery, general sur-
gery, transplant surgery, or cardiac surgery), as this
information was not available in the database we
used. Finally, there may be residual confounding
owing to factors not captured by the administrative
data available from the USRDS database.

In summary, Black HD patients are more likely to
live in areas with a low surgeon supply and are less
likely to use an AVF. However, the disparity in AVF
use between Black and White HD patients is not
adequately explained by differences in surgeon supply.
It is unlikely, therefore, that increasing the surgeon
supply would improve racial disparities in AVF use.
Further research is needed to explore other provider
and health system factors that may have a greater
impact on AVF use.
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