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Abstract

This study aimed to determine whether the closure of a functioning arteriovenous (AV)
access affects the estimated glomerular filtration rate (eGFR) and to compare outcomes
according to the timing of AV access closure after kidney transplantation (KT). From 2009 to
2015, medical records were retrospectively reviewed for 142 kidney transplant recipients
(KTRs) who underwent AV access closure. The 142 KTRs were categorized into three
groups: AV access closure was performed within 6 months after KT in Group 1 (n = 45), at
6—12 months after KT in Group 2 (n = 49), and at 12-24 months after KT in Group 3 (n = 48).
The baseline (at the time of AV access closure) and follow-up eGFR values during the 3-
year follow-up period were compared. Linear mixed model analysis revealed no significant
association between longitudinally observed eGFR values and the amount of time elapsed
after AV access closure in the study population (P = 0.36). There was no significant associa-
tion between 3-year eGFR values and the timing of AV access closure (P = 0.58). In conclu-
sion, after successful KT, AV access closure did not affect the eGFR significantly, and the
timing of AV access closure was not significantly associated with outcomes.

Introduction

Controversy exists regarding the decision of whether to close or preserve a functioning arterio-
venous (AV) access for successful kidney transplant recipients (KTRs) [1-6]. Surgical closure
is usually performed for patients with specific conditions, including high-flow fistulas, a high-
risk cardiovascular status, or cosmetic reasons [3]. Although a functioning AV access for
hemodialysis burdens the cardiovascular system with increased cardiac output and pulmonary
artery pressure, increasing cardiovascular risk [1], many patients need to return to dialysis,
and the physiologic effect of AV access on these patients does not strongly favor routine clo-
sure following kidney transplantation (KT) with stable kidney allograft function [2, 3]. More-
over, the effects of a functioning AV access on the estimated glomerular filtration rate (eGFR)
and kidney allograft survival are unclear. Concerning the evolution of kidney allograft
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function, Vajdi¢ et al. [5] showed that the persistence of a functioning arteriovenous fistula
(AVF) at 1 year after KT was associated with a lower eGFR and an increased risk of allograft
loss. On the other hand, Weekers et al. [3] observed a significant acceleration of eGFR decline
over 12 months following the closure of a functioning AVF in KTRs. Furthermore, there is no
accepted policy for the timing of AV closure after successful KT.

This study aimed to determine if the closure of a functioning AV access would affect the
eGFR and to compare outcomes according to the timing of AV access closure after KT.

Materials and methods
Study design and population

This single-center, observational study was conducted retrospectively using data extracted
from a prospective KT registry. The study protocol was approved by the institutional review
board of Asan Medical Center, Republic of Korea (2019-0177), which waived the need for
informed consent because of the retrospective nature of the study.

Between 1 January 2009 and 31 December 2015, 1949 consecutive patients underwent KT
for end-stage kidney disease (ESKD) at our hospital: 1511 living-donor KT's (77.5%) and 438
deceased-donor KTs (22.5%). To ensure that we specifically analyzed the effect of the timing of
AV access closure on serial changes in the eGFR, we excluded patients who received surgical
closure at other hospitals and those who experienced spontaneous AV access thrombosis. We
also excluded those with technical failures, those with early graft loss and nonfunctioning kid-
neys caused by postoperative immunological rejection, and those who died from systemic
infection during the 3 years after AV access closure, because these might be potential con-
founding factors. Among the 155 KTRs who underwent surgical closure of a functioning AV
access at our hospital, we also excluded those who were lost to follow-up (n = 3, 1.9%) and 10
foreigners who were followed up in a foreign country (6.5%). Finally, 142 patients (91.6%)
were included in the analysis.

Postoperative immunosuppressive therapy

A detailed description of postoperative conventional immunosuppressive therapy for adult
KTRs at our institution has been published previously [7]. During the period under review, the
patients were treated with anti-IL-2 receptor antibody (basiliximab) once each on days 0 and 4
for induction. Alternatively, for patients with immunological risk factors, such as highly sensi-
tized individuals or those with previous graft loss due to rejection and those who wished to
avoid long-term steroids, an induction regimen of rabbit antithymocyte globulin (Thymoglo-
bulin; Genzyme, Cambridge, MA, USA) was administered. All patients received triple therapy
as maintenance immunosuppression at the time of discharge, which consisted of a combina-
tion of calcineurin inhibitors (tacrolimus or cyclosporine), a mycophenolic acid derivative,
and corticosteroids. Additionally, all patients received trimethoprim-sulfamethoxazole for 6
months as prophylaxis against Pneumocystis jirovecii.

Study outcomes and follow-up

Medical records were systematically reviewed, and the patients were categorized into three
groups based on the timing of AV access closure after successful KT: AV access closure within
6 months (Group 1), AV access closure at 6-12 months (Group 2), and AV access closure at
12-24 months (Group 3). At our institution, for patients with stable allograft function, serum
creatinine and eGFR values were measured every 6 months after KT. The baseline (at the time
of AV access closure) and follow-up (at approximately 6-month intervals) serum creatinine
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and eGFR values during the 3-year follow-up period were compared regardless of the timing
of AV access closure and compared based on the timing of AV access closure (between the
three groups). Next, subgroup analysis was performed according to the type of donor graft (liv-
ing donor and deceased donor). Heart failure (HF) at the time of AV access closure, catego-
rized by systolic or diastolic dysfunction, was diagnosed based on the Framingham score (two
major criteria or one major plus two minor criteria) and evidence of systolic or diastolic dys-
function on Doppler echocardiography, as previously described [8-10]. In the BK virus DNA
test, the quantification limit was over 100 copies/mL, and the lower limit of linearity was below
1000 copies/mL. BK viremia was diagnosed using a real-time polymerase chain reaction (PCR)
assay and the TagMan probe method. BK virus DNA levels of more than 4 log copies/mL in
the blood indicated BK viremia; negative quantitative PCR results indicated the absence of BK
virus DNA or a quantitation limit of below 100 copies/mL. The eGFR values were calculated
using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 2009 equation

[11].

Statistical analysis

Categorical variables are reported as frequencies or percentages, and continuous variables are
reported as means and standard deviations. To compare baseline and clinical characteristics
among the three groups, the chi-square test for categorical variables and ANOV A with Schef-
fe’s multiple comparisons were performed. When there was a significant difference between
the three groups, statistical significance was confirmed to identify the differences between all
combinations of two groups. Linear mixed model analysis was performed to evaluate the
group, time, and interaction between group and time in longitudinally observed eGFR data. A
P value of <0.05 was considered statistically significant. Statistical analyses were performed
using SPSS version 21.0 (IBM Corp., Armonk, NY, USA).

Results and discussion

The mean patient age of the study population was 44 years (range, 19-69 years), and 67
patients (47.2%) were men. There were 83 living-donor KTs (58.5%) and 59 deceased-donor
KTs (41.5%). The patients were further categorized into three groups based on the timing of
AV access closure after KT. Group 1 included 45 patients (31.7%) who underwent AV access
closure within 6 months after KT, Group 2 included 49 patients (34.5%) for whom AV access
closure was performed at 6-12 months after KT, and Group 3 included 48 patients (33.8%) for
whom AV access closure was performed at 12-24 months after KT. Table 1 shows the baseline
and clinical characteristics of the study sample according to the timing of AV access closure.
There were no significant differences between the groups in terms of the age, risk factors, type
of donor graft (living donor versus deceased donor), type of AV access (AVF versus arteriove-
nous graft [AVG]), and baseline serum creatinine and eGFR values, except for the time inter-
val between KT and AV access closure. Among the 142 KTRs, 17.6% (n = 25) required AV
access closure for a diagnosis of HF, and there was no significant difference in the proportion
of HFs at the time of AV access closure between the groups (P = 0.44). The incidence of BK
viremia did not differ significantly between the groups (P = 0.23). In subgroup analysis accord-
ing to the type of donor graft, there were no significant differences between the groups
(among the 83 living-donor KTRs) except for the time interval between KT and AV access clo-
sure (Table 2). Among the 59 deceased-donor KTRs, there were significant differences in the
mean body mass indices between groups 2 and 3 and the time interval between KT and AV
access closure between the groups (Table 3).
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Table 1. Baseline and clinical characteristics of the study sample according to the timing of AV access closure.

Total Group 1 Group 2 Group 3 P value
Patients (n) 142 45 (31.7) 49 (34.5) 48 (33.8)
Age (year) 440+ 11.1 44.6 £10.1 42.8£12.3 44.5+£10.8 0.68
Male 67 (47.2) 23 (51.1) 24 (49.0) 20 (41.7) 0.63
BMI (kg/mz) 21.6 £2.8 21.5+£2.6 21.2+£3.0 22227 0.23
Diabetes mellitus 28 (19.7) 13 (28.9) 8(16.3) 7 (14.6) 0.17
Hypertension 108 (76.1) 33(73.3) 40 (81.6) 35(72.9) 0.53
CVA 15 (10.6) 6(13.3) 4(8.2) 5(10.4) 0.72
Living donor KT 83 (58.5) 27 (60.0) 27 (55.1) 29 (60.4) 0.84
AVF 134 (94.4) 41 (91.1) 46 (93.9) 47 (92.9) 0.35
HF* 25(17.6) 8(17.8) 11 (22.4) 6(12.5) 0.44
BK viremia 11(7.8) 1(2.2) 5(10.2) 5(10.4) 0.23
Creatinine (mg/dL)b 1.2+03 1.1£0.2 1.1+0.4 1.2+0.4 0.17
eGFR (mg/min/1.73 mz)b 719 £ 19.1 71.6 £ 18.7 76.4 +20.9 67.7 £ 16.8 0.18
KT to AV access closure (month) 10.0 £ 5.6 38+1.8 9.3+2.0 16.4 +2.7 <0.001¢
HD to KT (month) 55.7 +44.3 50.7 £ 45.0 52.0 £41.7 64.2 +45.9 0.27

Continuous data are presented as means * standard deviations; categorical data are presented as numbers (%).

AV, arteriovenous; AVF, arteriovenous fistula; BMI, body mass index; CVA, cerebrovascular accident; eGFR, estimated glomerular filtration rate; HD, hemodialysis;

HEF, heart failure; KT, kidney transplantation
2 HF at the time of AV access closure
® Values at the time of AV access closure

© Significant differences between the three groups

https://doi.org/10.1371/journal.pone.0226309.t001

Table 2. Baseline and clinical characteristics of the living-donor KTRs according to the timing of AV access closure.

Total Group 1 Group 2 Group 3 P value
Patients (n) 83 27 (32.5) 27 (32.5) 29 (34.9)
Age (year) 447 £11.1 45.8 £10.6 442 £12.8 44.1 £10.1 0.81
Male 46 (55.4) 14 (51.9) 14 (51.9) 18 (39.1) 0.67
BMI (kg/mz) 21.8+29 21.5+£25 22.0+3.5 21.9+2.7 0.76
Diabetes mellitus 10 (12.1) 6(22.2) 1(3.7) 3(10.3) 0.11
Hypertension 65 (78.3) 22 (81.5) 23 (85.2) 20 (69.0) 0.33
CVA 12 (14.5) 6(22.2) 3(11.1) 3(10.3) 0.46
AVFE 78 (94.0) 25 (92.6) 24 (88.9) 29 (100.0) 0.19
HF* 9(10.8) 4(14.8) 3(11.1) 2 (6.9) 0.62
BK viremia 4(4.8) 1(3.7) 1(3.7) 2 (6.9) >0.99
Creatinine (mg/dL)b 1.1£0.3 1.1+£0.2 1.1+0.3 1.2+0.4 0.24
eGFR (mg/min/1.73 m?)° 73.9+£17.9 73.6 +16.7 77.7 £18.2 70.7 + 18.5 0.15
KT to AV access closure (month) 10.1 £5.6 38+1.8 9.7 £2.0 16.1 £2.8 <0.001°¢
HD to KT (month) 37.8+43.4 30.4 £ 35.2 31.1+394 509 £ 51.5 0.13

Continuous data are presented as means + standard deviations; categorical data are presented as numbers (%).

AV, arteriovenous; AVF, arteriovenous fistula; BMI, body mass index; CVA, cerebrovascular accident; eGFR, estimated glomerular filtration rate; HD, hemodialysis;

HEF, heart failure; KT, kidney transplantation
2 HF at the time of AV access closure

® Values at the time of AV access closure

© Significant differences between the three groups

https://doi.org/10.1371/journal.pone.0226309.t002
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Table 3. Baseline and clinical characteristics of the deceased-donor KTRs according to the timing of AV access closure.

Total Group 1 Group 2 Group 3 P value
Patients (n) 59 18 (30.5) 22 (37.3) 19 (32.2)
Age (year) 429+ 11.1 42.8+9.3 41.2+11.7 45.1+12.0 0.54
Male 29 (49.2) 8 (44.4) 11 (50.0) 10 (52.6) 0.88
BMI (kg/m?) 214%2.6 21.6+2.8 202+1.9 22.6+27 0.012°
Diabetes mellitus 18 (30.5) 7 (38.9) 7 (31.8) 4(21.1) 0.49
Hypertension 43 (72.9) 11 (61.1) 17 (77.3) 15 (79.0) 0.47
CVA 3(5.1) 0 1(4.6) 2 (10.5) 0.51
AVF 56 (94.9) 16 (88.9) 22 (100.0) 18 (94.7) 0.19
HF® 16 (27.1) 4(22.2) 8(36.4) 1(21.1) 0.47
BK viremia 7 (11.9) 0 4(18.2) 3(15.8) 0.17
Creatinine (mg/dL)* 1.2+0.3 1.2+0.3 1.2+04 1.3+0.3 0.61
eGFR (mg/min/1.73 m)° 69.1 + 20.6 68.4 +21.5 74.9 +24.1 63.1+13.0 0.72
KT to AV access closure (month) 99+56 39+1.8 87+1.8 16.8 £ 2.6 <0.001¢
HD to KT (month) 80.9 £ 31.7 81.2+41.5 77.7 £28.2 84.3 +25.8 0.81

Continuous data are presented as means + standard deviations; categorical data are presented as numbers (%).

AV, arteriovenous; AVF, arteriovenous fistula; BMI, body mass index; CVA, cerebrovascular accident; eGFR, estimated glomerular filtration rate; HD, hemodialysis;
HEF, heart failure; KT, kidney transplantation

* Significant difference between groups 2 and 3

" HF at the time of AV access closure

¢ Values at the time of AV access closure

4 Significant differences between the three groups

https://doi.org/10.1371/journal.pone.0226309.t003

In terms of the association between longitudinally observed eGFR values and time after AV
access closure, linear mixed model analysis revealed no significant association in either the
entire study sample (P = 0.36) or the living-donor (P = 0.37) and deceased-donor (P = 0.90)
KT groups (Table 4). In the assessment of the association between 3-year eGFR values and the
timing of AV access closure, no significant association was observed in either the entire study
sample (P = 0.58) or the living-donor (P = 0.21) and deceased-donor (P = 0.17) KT groups
(Fig 1).

The long-term deleterious effects on right heart structure and function following AV access
creation and dialysis initiation have been reported to be associated with the development of
incident HF and increased risk of death despite improved control of the left ventricular pres-
sure load through dialysis [12]. However, in the general non-transplant population, the crea-
tion of a pre-dialysis AV access has been recently suggested to delay ESKD progression [13—

Table 4. Correlation between longitudinally observed eGFR values and time after AV access closure in linear mixed model analysis.

Patients (n) Baseline eGFR* 3-year eGFR® (mg/min/1.73 m?) P value
(mg/min/1.73 m?)
Study sample 142 (100.0) 71.9+19.1 70.6 +£22.2 0.36
Living-donor KT 83 (58.5) 73.9+17.9 72.0 £22.7 0.37
Deceased-donor KT 59 (41.5) 69.1 + 20.6 68.5+21.5 0.90

Continuous data are presented as means + standard deviations; categorical data are presented as numbers (%).
AV, arteriovenous; eGFR, estimated glomerular filtration rate; KT, kidney transplantation
* eGFR at the time of AV access closure

" eGFR at 3 years after AV access closure

https://doi.org/10.1371/journal.pone.0226309.t004
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Fig 1. Serial changes in eGFR values according to the timing of AV access closure. (a) The entire study sample, (b) the living-donor KT group, and (c) the deceased-
donor KT group. Group 1, AV access closure within 6 months after KT; Group 2, AV access closure at 6-12 months after KT; Group 3, AV access closure at 12-24
months after KT, AV, arteriovenous; eGFR, estimated glomerular filtration rate; KT, kidney transplantation.

https://doi.org/10.1371/journal.pone.0226309.9001

16]. Due to the lack of consistency across studies, there is no consensus on the causal link
between AV access creation and the progression of ESKD and heart disease [3, 4].

Golper et al. [16] performed a retrospective observational analysis of a series of patients
with ESKD who are not on dialysis and found that a functioning AVF may be temporarily
associated with a slowing of eGFR decline and may delay the initiation of dialysis. Recently, in
a nationwide cohort of 3026 US veterans with ESKD transitioning to dialysis, Sumida et al.
[14] also reported that the creation of pre-dialysis AV access, such as an AVF or AVG, appears
to be associated with an improvement in the rate of eGFR decline irrespective of AV access
maturation and thus may delay the onset of dialysis initiation for patients with ESKD. AV
access creation causes brief but repeated periods of local ischemia, thereby inducing systemic
protection against tissue hypoperfusion via the pathophysiological cascades of remote ischemic
preconditioning [15]. A functioning AV access also creates a low-peripheral-resistance, high-
compliance venous compartment in the central arterial system [15], which may attenuate arte-
rial stiffness and reduce both systolic and diastolic blood pressure [13, 17]. Additionally, a
functioning AV access-mediated venous return enhances pulmonary flow, which may, in turn
recruit larger lung areas and increase arterial oxygen content [18]. Therefore, AV access could
favorably influence ESKD progression by improving oxygen delivery to the kidneys, which
may attenuate the dysregulation and further loss of kidney function [15, 16, 19]. These patho-
physiological mechanisms could partly explain the observations of previous studies [13-16].

However, after successful KT, controversy still exists as to whether to close or preserve a
functioning AV access in KTRs with stable kidney allograft function. Hence, based on previous
controversial findings [1-6, 20-22], AV access closure is not routinely recommended after
successful KT but is usually performed for KTRs with specific conditions. Furthermore, there
is no accepted policy for the timing of AV access closure. Nevertheless, it is important to man-
age KTRs with stable kidney allograft function and a functioning AV access in real-world prac-
tice. Our present findings based on a retrospective single-center analysis of 142 KTRs suggest
that longitudinally observed eGFR values do not change significantly over the 3 years following
the closure of a functioning AV access regardless of the type of donor graft, and the timing of
AV access closure does not affect 3-year eGFR values after AV access closure.

Regarding blood pressure control and heart function, in a prospective study with 24-hour
ambulatory blood pressure monitoring and left ventricular geometry assessed by echocardiog-
raphy, the diastolic blood pressure was significantly increased without systolic changes at 1
month after surgical AV access closure [22]. This increase in the diastolic blood pressure was
associated with a reduction of the left ventricular mass. Similarly, two prospective studies [23,
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24] reported an improvement in left ventricular hypertrophy after AV access closure for KTRs
with stable allograft function. Therefore, based on these observations, AV access closure has
been recommended for KTRs with a stable allograft and persistent left ventricle dilatation [24].
However, the protective effect of AV access closure on long-term heart function has not been
confirmed by other prospective or retrospective studies [25, 26]. A recent randomized clinical
trial revealed that elective closure of AVFs in KTRs with stable kidney allograft function
resulted in a significant reduction of the left ventricular mass analyzed using cardiac magnetic
resonance imaging; there were no changes in the rate of eGFR or systolic and diastolic blood
pressure [27]. Concerning the effect of AV access closure on kidney allograft function, a retro-
spective study of 311 KTRs showed that patients with a functioning AVF at 1 year after KT had
significantly lower eGFR values compared with those with a spontaneously closing AVF, and
AVF persistence was associated with an increased risk of kidney allograft loss in adjusted anal-
yses [5]. Conversely, another study of 285 KTRs reported that the closure of a functioning
AVF for KTRs with stable kidney allograft function significantly accelerated eGFR decline
over a consecutive 12-month period after KT [3]. As a whole, the current management of a
functioning AV access (surgical closure versus watchful preservation) for KTRs with stable kid-
ney allograft function remains controversial and does not rely on robust evidence-based data
[4, 28]. The individual risk of allograft dysfunction and a return to chronic dialysis need to be
considered [4]. Recently, Laranjinha et al. analyzed the impact of functioning hemodialysis
AV access on kidney allograft perfusion and found that temporary occlusion of the AV access
resulted in a significant decline in kidney allograft resistive index and an increase in blood
pressure [29]. Despite the small number of patients, they demonstrated, through Doppler
ultrasonography, that hemodynamic changes occurred after temporary occlusion of the AV
access. Large-scale prospective, multi-center clinical trials are needed.

This study had some limitations. Its retrospective design made it vulnerable to selection
and information biases. A number of patients were excluded, and some clinical information
(such as AV access hemodynamics, blood pressure, heart function after KT, and the reasons
for AV access closure) was not available in the medical records of a substantial number of
patients, which may have accounted for some of the differences in outcomes relative to other
studies. This is, unfortunately, an inherent limitation of retrospective studies. There may have
been indication bias in that some KTRs who were suspected of having HF were required to
undergo echocardiography before and after AV access closure, which may have influenced our
results. However, since there was no significant difference in the proportion of patients requir-
ing AV access closure for the diagnosis of HF between the groups, HF per se is unlikely to have
strongly influenced the overall results. Furthermore, the included patients were much younger
than other studies, probably due to the cosmetic concern of younger patients considered for
AV access closure. The effect of AV access closure might be different for older patients with a
greater cardiovascular burden. This study was conducted to evaluate the pattern of the change
in kidney allograft function over time after AV access closure among patients with successful
KT; thus, there was no control group for comparison in this analysis. Additionally, those with
early graft loss and nonfunctioning kidneys caused by postoperative immunological rejection
or those who died from systemic infection were excluded from our analysis to avoid potential
confounding factors; however, this may have had the effect of selection bias. The eGFR values
used in this study may differ from measured GFR values. However, at our institution, we did
not measure the GFR routinely; thus, we could not analyze the measured GFR values in this
study. Our findings were obtained at a single center with a small sample size, which may limit
the generalizability of our results; it was likely underpowered to detect the effect of certain risk
factors on outcomes and to validate the association of AV access closure with changes in the
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eGFR. Finally, as with all observational studies, we cannot draw conclusions about causality,
and our results should be considered as hypothesis-generating rather than conclusive.

In conclusion, despite the potential limitations, our current results suggest that AV access
closure did not affect eGFR significantly after successful KT, and there was no significant dif-
ference in 3-year eGFR values according to the timing of AV access closure.

Supporting information

S1 Data. Data of 142 patients who underwent surgical closure of a functioning AV access
after successful KT.
(XLSX)

Author Contributions
Conceptualization: Seonjeong Jeong, Jee Yeon Kim, Yong-Pil Cho.

Data curation: Seonjeong Jeong, Hyunwook Kwon, Jee Yeon Kim, Young Hoon Kim, Tae-
Won Kwon, Yong-Pil Cho, Duck Jong Han.

Formal analysis: Seonjeong Jeong, Hyunwook Kwon, Jee Yeon Kim, Young Hoon Kim, Tae-
Won Kwon, Jung Bok Lee, Yong-Pil Cho, Duck Jong Han.

Investigation: Seonjeong Jeong, Hyunwook Kwon, Jee Yeon Kim, Young Hoon Kim, Tae-
Won Kwon, Jung Bok Lee, Yong-Pil Cho, Duck Jong Han.

Methodology: Seonjeong Jeong, Hyunwook Kwon, Yong-Pil Cho, Duck Jong Han.

Validation: Hyunwook Kwon, Young Hoon Kim, Tae-Won Kwon, Jung Bok Lee, Yong-Pil
Cho, Duck Jong Han.

Writing - original draft: Seonjeong Jeong, Hyunwook Kwon, Jee Yeon Kim, Yong-Pil Cho.
Writing - review & editing: Yong-Pil Cho.

References

1. Voorzaat BM, van Schaik J, Siebelink HM, Tordoir JH, Rotmans JI. The pros and cons of preserving a
functioning arteriovenous fistula after kidney transplantation. J Vasc Access. 2016; 17(Suppl 1):S16—
22.

2. Yaffe HC, Greenstein SM. Should functioning AV fistulas be ligated after renal transplantation? J Vasc
Access. 2012; 13:405-408. https://doi.org/10.5301/jva.5000086 PMID: 22865530

3. Weekers L, Vanderweckene P, Pottel H, Castanares-Zapatero D, Bonvoisin C, Hamoir E, et al. The clo-
sure of arteriovenous fistula in kidney transplant recipients is associated with an acceleration of kidney
function decline. Nephrol Dial Transplant. 2017; 32:196—-200. https://doi.org/10.1093/ndt/gfw351
PMID: 27798197

4. Vanderweckene P, Weekers L, Lancellotti P, Jouret F. Controversies in the management of the haemo-
dialysis-related arteriovenous fistula following kidney transplantation. Clin Kidney J. 2018; 11:406—412.
https://doi.org/10.1093/ckj/sfx113 PMID: 29992020

5. Vajdi¢ B, Arnol M, Ponikvar R, Kandus A, Buturovié-Ponikvar J. Functional status of hemodialysis arte-
riovenous fistula in kidney transplant recipients as a predictor of allograft function and survival. Trans-
plant Proc. 2010; 42:4006—4009. https://doi.org/10.1016/j.transproceed.2010.09.057 PMID: 21168612

6. Unger P, Wissing KM. Arteriovenous fistula after renal transplantation: utility, futility or threat? Nephrol
Dial Transplant. 2006; 21:254—257. https://doi.org/10.1093/ndt/gfi276 PMID: 16293634

7. KwonH, Kim YH, ChoiJY, Sung S, Jung JH, Park SK, et al. Analysis of 4000 kidney transplantations in
a single center: Across immunological barriers. Medicine (Baltimore). 2016; 95:e4249.

8. Paulus WJ, Tschope C, Sanderson JE, Rusconi C, Flachskampf FA, Rademakers FE, et al. How to
diagnose diastolic heart failure: a consensus statement on the diagnosis of heart failure with normal left
ventricular ejection fraction by the Heart Failure and Echocardiography Associations of the European

PLOS ONE | https://doi.org/10.1371/journal.pone.0226309 December 11, 2019 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226309.s001
https://doi.org/10.5301/jva.5000086
http://www.ncbi.nlm.nih.gov/pubmed/22865530
https://doi.org/10.1093/ndt/gfw351
http://www.ncbi.nlm.nih.gov/pubmed/27798197
https://doi.org/10.1093/ckj/sfx113
http://www.ncbi.nlm.nih.gov/pubmed/29992020
https://doi.org/10.1016/j.transproceed.2010.09.057
http://www.ncbi.nlm.nih.gov/pubmed/21168612
https://doi.org/10.1093/ndt/gfi276
http://www.ncbi.nlm.nih.gov/pubmed/16293634
https://doi.org/10.1371/journal.pone.0226309

@ PLOS|ONE

AV access closure in KT recipients

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Society of Cardiology. Eur Heart J. 2007; 28:2539-2550. https://doi.org/10.1093/eurheartj/ehm037
PMID: 17428822

Redfield MM. Heart failure with preserved ejection fraction. N Engl J Med. 2016; 375:1868—1877.
https://doi.org/10.1056/NEJMcp1511175 PMID: 27959663

From AM, Scott CG, Chen HH. The development of heart failure in patients with diabetes mellitus and
pre-clinical diastolic dysfunction a population-based study. J Am Coll Cardiol. 2010; 55:300-305.
https://doi.org/10.1016/j.jacc.2009.12.003 PMID: 20117433

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HlI, et al. A new equation to esti-
mate glomerular filtration rate. Ann Intern Med. 2009; 150:604—612. https://doi.org/10.7326/0003-4819-
150-9-200905050-00006 PMID: 19414839

Reddy YNV, Obokata M, Dean PG, Melenovsky V, Nath KA, Borlaug BA. Long-term cardiovascular
changes following creation of arteriovenous fistula in patients with end stage renal disease. Eur Heart J.
2017; 38:1913-1923. https://doi.org/10.1093/eurheartj/ehx045 PMID: 28329100

Korsheed S, Eldehni MT, John SG, Fluck RJ, Mcintyre CW. Effects of arteriovenous fistula formation
on arterial stiffness and cardiovascular performance and function. Nephrol Dial Transplant. 2011;
26:3296-3302. https://doi.org/10.1093/ndt/gfq851 PMID: 21317408

Sumida K, Molnar MZ, Potukuchi PK, Thomas F, Lu JL, Ravel VA, et al. Association between vascular
access creation and deceleration of estimated glomerular filtration rate decline in late-stage chronic kid-
ney disease patients transitioning to end-stage renal disease. Nephrol Dial Transplant. 2017; 32:1330—
1337.

Locatelli F, Zoccali C. Arteriovenous fistula as a nephroprotective intervention in advanced CKD: scien-
tific discovery and explanation, and the evaluation of interventions. Nephrol Dial Transplant. 2015;
30:1939-1941. https://doi.org/10.1093/ndt/gfv281 PMID: 26232781

Golper TA, Hartle PM, Bian A. Arteriovenous fistula creation may slow estimated glomerular filtration
rate trajectory. Nephrol Dial Transplant. 2015; 30:2014-2018. https://doi.org/10.1093/ndt/gfv082 PMID:
25888388

Lobo MD, Sobotka PA, Stanton A, Cockcroft JR, Sulke N, Dolan E, et al. Central arteriovenous anasto-
mosis for the treatment of patients with uncontrolled hypertension (the ROX CONTROL HTN study): a
randomised controlled trial. Lancet. 2015; 385:1634—1641. https://doi.org/10.1016/S0140-6736(14)
62053-5 PMID: 25620016

Burchell AE, Lobo MD, Sulke N, Sobotka PA, Paton JF. Arteriovenous anastomosis: is this the way to
control hypertension? Hypertension. 2014; 64:6—12. https://doi.org/10.1161/HYPERTENSIONAHA.
114.02925 PMID: 24711522

Korsheed S, Crowley LE, Fluck RJ, McIntyre CW. Creation of an arteriovenous fistula is associated with
significant acute local and systemic changes in microvascular function. Nephron Clin Pract. 2013;
123:173-179. https://doi.org/10.1159/000353708 PMID: 23921165

Dundon BK, Torpey DK, Nelson AJ, Wong DT, Duncan RF, Meredith IT, et al. Beneficial cardiovascular
remodeling following arterio-venous fistula ligation post-renal transplantation: a longitudinal magnetic
resonance imaging study. Clin Transplant. 2014; 28:916-925. https://doi.org/10.1111/ctr.12402 PMID:
24931318

Letachowicz K, Krdlicki T, Bardowska K, Drabik A, Zajdel K, Kaminska D, et al. The impact of function-
ing arteriovenous fistula on blood pressure control and renal allograft function. Transplant Proc. 2018;
50:1855-1857. https://doi.org/10.1016/j.transproceed.2018.03.109 PMID: 30056915

Unger P, Xhaét O, Wissing KM, Najem B, Dehon P, van de Borne P. Arteriovenous fistula closure after
renal transplantation: a prospective study with 24-hour ambulatory blood pressure monitoring. Trans-
plantation. 2008; 85:482-485. https://doi.org/10.1097/TP.0b013e318160f163 PMID: 18301341

Unger P, Wissing KM, de Pauw L, Neubauer J, van de Borne P. Reduction of left ventricular diameter
and mass after surgical arteriovenous fistula closure in renal transplant recipients. Transplantation.
2002; 74:73-79. https://doi.org/10.1097/00007890-200207150-00013 PMID: 12134102

van Duijnhoven EC, Cheriex EC, Tordoir JH, Kooman JP, van Hooff JP. Effect of closure of the arterio-
venous fistula on left ventricular dimensions in renal transplant patients. Nephrol Dial Transplant. 2001;
16:368—372. https://doi.org/10.1093/ndt/16.2.368 PMID: 11158414

De Lima JJ, Vieira ML, Molnar LJ, Medeiros CJ, lanhez LE, Krieger EM. Cardiac effects of persistent
hemodialysis arteriovenous access in recipients of renal allograft. Cardiology. 1999; 92:236—239.
https://doi.org/10.1159/000006980 PMID: 10844383

Peteiro J, Alvarez N, Calvifio R, Penas M, Ribera F, Castro Beiras A. Changes in left ventricular mass
and filling after renal transplantation are related to changes in blood pressure: an echocardiographic
and pulsed Doppler study. Cardiology. 1994; 85:273-283. https://doi.org/10.1159/000176695 PMID:
7850816

PLOS ONE | https://doi.org/10.1371/journal.pone.0226309 December 11, 2019 9/10


https://doi.org/10.1093/eurheartj/ehm037
http://www.ncbi.nlm.nih.gov/pubmed/17428822
https://doi.org/10.1056/NEJMcp1511175
http://www.ncbi.nlm.nih.gov/pubmed/27959663
https://doi.org/10.1016/j.jacc.2009.12.003
http://www.ncbi.nlm.nih.gov/pubmed/20117433
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
http://www.ncbi.nlm.nih.gov/pubmed/19414839
https://doi.org/10.1093/eurheartj/ehx045
http://www.ncbi.nlm.nih.gov/pubmed/28329100
https://doi.org/10.1093/ndt/gfq851
http://www.ncbi.nlm.nih.gov/pubmed/21317408
https://doi.org/10.1093/ndt/gfv281
http://www.ncbi.nlm.nih.gov/pubmed/26232781
https://doi.org/10.1093/ndt/gfv082
http://www.ncbi.nlm.nih.gov/pubmed/25888388
https://doi.org/10.1016/S0140-6736(14)62053-5
https://doi.org/10.1016/S0140-6736(14)62053-5
http://www.ncbi.nlm.nih.gov/pubmed/25620016
https://doi.org/10.1161/HYPERTENSIONAHA.114.02925
https://doi.org/10.1161/HYPERTENSIONAHA.114.02925
http://www.ncbi.nlm.nih.gov/pubmed/24711522
https://doi.org/10.1159/000353708
http://www.ncbi.nlm.nih.gov/pubmed/23921165
https://doi.org/10.1111/ctr.12402
http://www.ncbi.nlm.nih.gov/pubmed/24931318
https://doi.org/10.1016/j.transproceed.2018.03.109
http://www.ncbi.nlm.nih.gov/pubmed/30056915
https://doi.org/10.1097/TP.0b013e318160f163
http://www.ncbi.nlm.nih.gov/pubmed/18301341
https://doi.org/10.1097/00007890-200207150-00013
http://www.ncbi.nlm.nih.gov/pubmed/12134102
https://doi.org/10.1093/ndt/16.2.368
http://www.ncbi.nlm.nih.gov/pubmed/11158414
https://doi.org/10.1159/000006980
http://www.ncbi.nlm.nih.gov/pubmed/10844383
https://doi.org/10.1159/000176695
http://www.ncbi.nlm.nih.gov/pubmed/7850816
https://doi.org/10.1371/journal.pone.0226309

@ PLOS | O N E AV access closure in KT recipients

27. Rao NN, Stokes MB, Rajwani A, Ullah S, Williams K, King D, et al. Effects of arteriovenous fistula liga-
tion on cardiac structure and function in kidney transplant recipients. Circulation. 2019; 139:2809-2818.
https://doi.org/10.1161/CIRCULATIONAHA.118.038505 PMID: 31045455

28. Einollahi B, Sadeghi Ghahrodi M. Hemodialysis arteriovenous fistula after transplant: to keep or not to
keep? Iran J Kidney Dis. 2012; 6:159—161. PMID: 22555474
29. Laranjinhal, Matias P, Oliveira R, Casqueiro A, Bento MT, Carvalho AP, et al. The impact of functioning

hemodialysis arteriovenous accesses on renal graft perfusion: Results of a pilot study. J Vasc Access.
2019; 20:482—-487. https://doi.org/10.1177/1129729818817248 PMID: 30520327

PLOS ONE | https://doi.org/10.1371/journal.pone.0226309 December 11, 2019 10/10


https://doi.org/10.1161/CIRCULATIONAHA.118.038505
http://www.ncbi.nlm.nih.gov/pubmed/31045455
http://www.ncbi.nlm.nih.gov/pubmed/22555474
https://doi.org/10.1177/1129729818817248
http://www.ncbi.nlm.nih.gov/pubmed/30520327
https://doi.org/10.1371/journal.pone.0226309

