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A B S T R A C T

Background. The creation of arteriovenous fistula (AVF)
may retard chronic kidney disease progression in the general
population. Conversely, the impact of AVF closure on renal
function in kidney transplant recipients (KTRs) remains
unknown.
Methods. From 2007 to 2013, we retrospectively categorized
285 KTRs into three groups: no AVF (Group 0, n ¼ 90), closed
AVF (Group 1, n ¼ 114) and left-open AVF (Group 2, n¼ 81).
AVF closure occurred at 653 6 441 days after kidney transplan-
tation (KTx), with a thrombosis:ligation ratio of 19:95.
Estimated glomerular filtration rate (eGFR) was determined
using the Modification of Diet in Renal Disease equation. Linear
mixed models calculated the slope and intercept of eGFR
decline versus time, starting at 3 months post-KTx, with a
median follow-up of 1807 days (95% confidence interval 1665–
2028).
Results. The eGFR slope was less in Group 1 (�0.081 mL/min/
month) compared with Group 0 (�0.183 mL/min/month; P ¼
0.03) or Group 2 (�0.164 mL/min/month; P ¼ 0.09). Still, the
eGFR slope significantly deteriorated after (�0.159 mL/min/
month) versus before (0.038 mL/min/month) AVF closure (P¼
0.03). Study periods before versus after AVF closure were bal-
anced to a mean of 13.5 and 12.5 months, respectively, with at
least 10 observations per patient (n¼ 99).
Conclusions. In conclusion, a significant acceleration of eGFR
decline is observed over the 12 months following the closure of
a functioning AVF in KTRs.

Keywords: arteriovenous fistula, GFR, graft function, kidney
transplantation, MDRD

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

Arteriovenous fistula (AVF) is considered the best vascular
access for chronic haemodialysis in patients with end-stage
renal disease (ESRD) [1]. After kidney transplantation (KTx),
the AVF remains functional in most patients. There is limited
literature regarding management of a functioning AVF, i.e.
surgical ligation versus watchful preservation, in kidney trans-
plant recipients (KTRs) [2]. Vajdic et al. [3] retrospectively
showed that the persistence of a functional AVF at 1 year post-
KTx was associated with a lower estimated glomerular filtration
rate (eGFR) and an increased risk for graft loss. Additionally, a
cardioprotective impact of AVF closure has been reported in a
few prospective studies including a limited number of patients
[4–6]. In contrast, others concluded that AVF persistence for
prolonged periods of time post-KTx had minor consequences
on cardiac morphology and function [7–9]. Hence, on the basis
of these controversial findings, AVF closure is not routinely rec-
ommended in KTRs with stable renal allograft function.
Moreover, the creation of a new AVF in case of ESRD in KTRs
may be extremely difficult and not always feasible when periph-
eral veins are exhausted. Surgical ligation is usually performed
in patients with specific indications, including high-flow fistula,
high-risk cardiovascular status or cosmetic reasons.

Very recently, the creation of an AVF has been suggested to
retard chronic kidney disease (CKD) progression in the general
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|non-transplant population [10, 11]. These intriguing observa-

tions may be partly explained by the pathophysiological cas-
cades of remote ischaemic preconditioning [12]. An AVF
causes brief but repeated periods of local ischaemia, thereby
inducing systemic protection against tissue underperfusion. An
AVF also adds a low-resistance venous compartment to the
central arterial system, which may attenuate arterial stiffness
and arterial pressure [13].

In the present retrospective monocentric study including
285 KTRs, we investigate whether the closure of a functioning
AVF significantly impacts the eGFR slope in KTRs.

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

Patient population

All KTRs were retrospectively identified from 1 January
2007 to 31 December 2013 using the computerized prospective
database of the University of Liège Hospital (ULg CHU) in
Liège, Belgium. Patients with a follow-up post-KTx of <12
months were excluded. Medical files were systematically
reviewed and patients were categorized into three groups:
no AVF (Group 0), closed AVF (Group 1) and left-open
AVF (Group 2). After 12 months post-KTx, the decision to
close the AVF or not was at the discretion of the physicians in
charge. This study was approved by the institutional ethics
committee.

Statistics

Linear mixed models (Proc Mixed) were used to calculate
the slope and intercept of the eGFR decline versus time. The
eGFR was determined using the Modification of Diet in Renal
Disease (MDRD) equation [14]. The MDRD equation is based
on serum creatinine (SCr) with the following formula: 175 �
SCr (mg/dL)�1.154 � age�0.203 � 0.742 (if woman) � 1.21 (if
African American) [14]. The MDRD equation is currently
regarded as the most accurate estimation of GFR in KTRs [15].
We excluded eGFR values within the first 3 months post-KTx
in order to avoid the usual fluctuations of renal function in the
immediate post-KTx period. Separate regressions of MDRD
eGFR on time (in months post-KTx) for each AVF subgroup
(where AVF ¼ 1 was further subdivided into ‘before’ and ‘after’
AVF closure) were fitted. For the latter, time was balanced
before versus after AVF closure, with at least 10 observations
per patient. Evidence that regressions differed among AVF sub-
groups was obtained by comparing eGFR slopes and intercepts.
Analysis of variance (ANOVA) or v2 test was used, as appropri-
ate, to compare the clinical characteristics of patients belonging
to the three groups. All analyses were done with SAS 9.3 (SAS
Institute, Cary, NC, USA).

R E S U L T S

From 1 January 2007 to 31 December 2013, we listed 345 KTRs.
Sixty patients were excluded because of inadequate follow-up.
Thus, our cohort included 285 KTRs (Table 1) with a median

follow-up of 1807 days (95% confidence interval 1665–2028).
The mean age was 50.2 6 14.3 years, with a female:male ratio of
118:167. The mean cold ischaemia time reached 700 6 333
min, with a global rate of delayed graft function (DGF) of 18%.
Expanded criteria donors (ECDs) were 22% of all KTxs.

The KTR cohort (n¼ 285) was further categorized into three
groups based on their AVF status during post-KTx follow-up
(Table 1). Group 0 included 90 patients with no AVF: 31
patients under peritoneal dialysis (PD) before KTx, 38 patients
under catheter-mediated chronic haemodialysis (HD) and 21
patients with pre-emptive KTx (Supplementary data, Table S1).
Group 1 included 114 patients in whom the AVF was closed
after KTx. AVF closure occurred after a mean time of 653 6

441 days post-KTx, with a thrombosis:ligation ratio of 19:95.
Spontaneous AVF thrombosis occurred after a mean time of
733 6 419 days post-KTx, whereas surgical ligation of a func-
tioning AVF took place after a mean time of 638 6 420 days
post-KTx (P ¼ 0.25). Finally, Group 2 included 81 patients in
whom the physicians in charge decided not to close the opera-
tive AVF. ANOVA highlighted statistically significant differen-
ces between the groups concerning (i) age of the recipient and
donor, (ii) body mass index (BMI) of the recipient, (iii) propor-
tion of ECDs and (iv) rate of DGF (Table 1). Indeed, patients in
whom the AVF was left open (Group 2) were significantly older
and heavier, with a higher incidence of DGF, compared with
patients in whom the AVF was closed (Group 1). Furthermore,
at 3 months post-KTx, the mean eGFR in Group 2 was signifi-
cantly lower than in Group 1. The eGFR slope was less in
Group 1 (�0.081 mL/min/month) compared with Group 0
(�0.183 mL/min/month; P ¼ 0.03) or Group 2 (�0.164 mL/
min/month; P¼ 0.09) (Figure 1).

Focusing on Group 1, we first matched the time of exposure
before versus after AVF closure in every single patient in order
to elude the unavoidable long-term decline of eGFR in KTRs.
Of methodological note, the period before AVF closure was lon-
ger than the period after AVF closure in most KTRs of the
present cohort, which required censoring some of these data.
We only considered patients with a least 10 available eGFR val-
ues. Hence, 99 KTRs were included, with study periods before
and after AVF closure of 13.5 and 12.5 months, respectively
(Figure 2). No difference was found between the corresponding
intercepts (57.2 6 1.5 mL/ versus 57.6 6 1.5 mL/min/1.73 m2;
P ¼ 0.85). In contrast, eGFR slopes were significantly different
before (0.038 mL/min/month) versus after (�0.159 mL/min/
month) AVF closure (P¼ 0.029).

D I S C U S S I O N

Our present observations based on a retrospective monocentric
cohort of 285 KTRs suggest that the decline of eGFR is signifi-
cantly accelerated over the 12 months following the closure of a
functioning AVF. Although the dilemma to keep or not to keep
a functioning AVF in KTRs after a successful KTx is ongoing,
very few studies have questioned the impact of AVF closure on
hard clinical outcomes, e.g. blood pressure (BP) control, heart
function or CKD progression [2]. In a prospective study
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including 16 KTRs, the mean 24-h diastolic BP significantly
increased at 1 month after surgical AVF ligation, without sys-
tolic changes [5]. Such an increase in diastolic BP correlated
with the reduction of left ventricle (LV) mass. Similarly, an
improvement in LV hypertrophy after AVF ligation was
reported in two prospective studies including 20 and 17 KTRs
with stable allograft function [4, 6]. Conversely, the preservation
of functional AVF has been independently associated with an
increased aortic augmentation index [16]. Aortic augmentation
and peripheral pulse waveforms were noninvasively assessed
using pulse wave analysis. Therefore, on the basis of these obser-
vations, AVF closure has been advised in KTRs with a well-
functioning allograft and persistent LV dilatation [6]. However,

such a protective impact of AVF ligation on long-term cardiac
function was not confirmed in other prospective and retrospec-
tive trials including 30 and 61 patients [9, 17]. Residual concen-
tric LV remodelling, as well as increased diastolic BP, may
indeed blunt the putative cardioprotection. In addition, AVF
blood flow may vary among patients, which in turn may lead to
dissimilar impacts on cardiac output and peripheral vascular
resistance following AVF closure. Of note, the Vascular Access
Society has defined a high-flow access as one with a flow (Qa) of
1–1.5 L/min or a Qa that is>20% of the cardiac output [18].

Concerning the impact on kidney function, a historical
cohort of 311 KTRs showed that patients with a functional AVF

Table 1. Clinical characteristics

Whole
cohort

No AVF
(Group 0)

Closed AVF
(Group 1)

Left-open
AVF (Group 2)

P-values

ANOVA or v2 (1) versus
(2)

n 285 90 114 81
Recipient

Age (years) 50.2 6 14.3 48.5 6 16.0 48.8 6 13.0 54.2 6 13.7 0.01 0.01
Gender (F/M) 118/167 50/40 40/74 28/53 0.36 0.88
BMI at KTx (kg/m2) 24.9 6 4.7 24.4 6 5.3 24.5 6 4.8 25.9 6 4.0 0.06 0.04

Donor
Age (years) 44.3 6 14.5 42.5 6 14.6 42.5 6 14.8 48.1 6 14.0 0.01 0.01
Gender (F/M) 125/160 40/50 49/65 36/45 0.97 0.89
BMI (kg/m2) 25.2 6 6.9 24.6 6 4.1 26.1 6 12.9 25.0 6 3.6 0.44 0.39
DBD/DCD/LD (%) 65/26/9 72/14/14 68/23/10 56/41/4 0.0004 0.01
ECD (%) 22 17 23 28 0.03 0.02

Transplant
CIT (min) 700 6 333 653 6 332 705 6 340 743 6 325 0.22 0.43
DGF (%) 18 13 16 26 0.07 0.08

eGFR at 3 months post-KTx (mL/min, MDRD) 56 6 21 62 6 29 57 6 17 48 6 18 0.001 0.01
eGFR slope (mL/min/month, MDRD) �0.143 6 0.034 �0.183 6 0.035 �0.081 6 0.031 �0.164 6 0.037 <0.05 0.09

Data are expressed as mean 6 standard deviation. eGFR slopes are expressed as mean 6 standard error.
BMI, body mass index; LD, living donor; DCD, donor after circulatory death; DBD, donor after brain death; ECD, expanded criteria donor; CIT, cold ischaemic time; DGF, delayed
graft function; eGFR, estimated glomerular filtration rate according to the Modification of Diet in Renal Disease (MDRD) formula; KTx, kidney transplantation.

FIGURE 2: eGFR slopes of kidney transplant recipients before versus
after closure of the arteriovenous fistula (AVF). The means of the
MDRD eGFR per time point between �20 and þ20 months with
respect to the time of AVF closure were exported and plotted against
time. The straight line that fits the data before AVF closure corre-
sponds to the formula: MDRD eGFR ¼ 57.18 þ 0.03853 �Months,
with Months varying from �20 to 0. The straight line that fits the
data after AVF closure corresponds to the formula: MDRD eGFR ¼
57.57–0.1595 �Months, with Months varying from 0 to þ20. The
slopes are significantly different from each other (P ¼ 0.0299).

FIGURE 1: eGFR slopes of kidney transplant recipients based on the
status of their arteriovenous fistula (AVF). Groups 0, 1 and 2 include
kidney transplant recipients with no AVF (n ¼ 90, black line), closed
AVF (n ¼ 114, grey line) and left-open AVF (n ¼ 81, dotted line),
respectively. The means of the MDRD eGFR per time point in each
group were exported and plotted against months after kidney trans-
plantation (KTx). The straight line corresponds to the linear mixed
model: MDRD eGFR ¼ Slope �Months post-KTx þ Intercept.
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|at 1-year post-KTx (69 6 21 mL/min/1.73 m2; n ¼ 239) had

significantly lower eGFR values than those with a spontaneously
closed AVF (74 6 19 mL/min/1.73 m2; n ¼ 72). Furthermore,
adjusted analyses suggested that AVF persistence was associated
with an increased risk of allograft loss [3]. Note that this retro-
spective cohort only considered patients with a functional AVF
at the time of KTx and excluded 91 KTRs because of early graft
loss, nonfunctioning kidneys, technical failures or deaths during
the first year post-KTx. Kidney graft function was transversally
compared at 1-year post-KTx, with no consideration for eGFR
slopes. The main limitation of observational historical cohorts,
including ours, concerns the retrospective design per se, which
limits the complete identification of inequities between groups.
Hence, our present data show major confounding by indication
within the analyses. Indeed, KTRs with left-open AVFs (Group
2) are basically older and heavier than patients in whom the
AVF was closed (Group 1). The incidence of DGF, as well as
eGFR values at 3 months post-KTx and the long-term eGFR
slope, were significantly worse in Group 2 than in Group 1.
Figure 1 depicts the large inter-individual variability in eGFR
slope. These retrospective observations most probably suggest
that the physicians in charge biasedly decided not to close the
AVF in patients at higher risk for CKD progression and ESRD.
Similarly, statistical comparisons between Group 0 and Group 1
are difficult since Group 0 included a heterogeneous population
of KTRs with a different medical history prior to KTx
(Supplementary data, Table S1).

The mean long-term eGFR slope of our cohort reached
�0.143 6 0.034 mL/min/month. Still, a focus on the critical
period of AVF management shows that the eGFR slope is rap-
idly and significantly impacted by AVF closure. Indeed, the
mean eGFR slope before AVF closure is close to zero (0.038 6

0.062 mL/min/month), whereas it reaches the level of those
observed in Groups 0 and 2 following AVF ligation (�0.159 6

0.066 mL/min/month). It should be noted that the periods of
observations were appropriately matched before versus after
AVF closure for every patient. Furthermore, each patient longi-
tudinally acts as his/her own control since eGFR slopes are com-
pared using a linear mixed model that takes into account
repeated data from the same patients. Our observations suggest
that the loss of a functioning AVF may be a factor short-term
eGFR decline. Such a statement is based on eGFR, as we do not
have access to measured GFR in our cohort, which may limit its
interpretation. Indeed, Gera et al. [19] demonstrated that eGFR
underestimates graft functional loss, especially in the early post-
KTx period. The—unlikely—impact of changes in body compo-
sition (oedema-free weight and surface) on eGFR assessments
before versus after AVF closure remains to be studied [20, 21].

From a pathophysiological point of view, an AVF creates a
low-resistance, high-compliance compartment along the arte-
rial system [12]. Lobo et al. [22] recently demonstrated in an
open-label, multicentre, prospective, randomized controlled
trial that implanting a central iliac arteriovenous coupler in
patients with uncontrolled hypertension produced a marked
reduction in the average 24-h ambulatory BP and significantly
reduced hypertensive complications. Additionally, AVF-
mediated venous return necessarily favours pulmonary flow,
which may in turn recruit larger lung areas and increase arterial

oxygen content [23]. One may thus advocate that an AVF
favourably influences CKD progression by improving oxygen
delivery to the kidney, thereby attenuating the vasoconstrictive
renal chemoreflex [12, 24]. Recently, Golper et al. [10] retro-
spectively observed in a series of 123 CKD patients that the cre-
ation of an AVF was associated with a slowing of eGFR slope
decline from 5.9 to 0.5 mL/min/year. These intriguing observa-
tions were confirmed in a nationwide cohort of 3026 CKD US
veterans: a significant deceleration of eGFR decline was
observed following AVF creation (from �5.6 to �4.1 mL/min/
1.73 m2/year) [11].

In conclusion, while the creation of a pre-dialysis AVF in the
general population with advanced CKD may delay the onset of
dialysis initiation, the ligation of a functioning AVF in KTRs
with stable allograft kidney function may accelerate eGFR
decline. Conversely, an improvement in LV hypertrophy after
AVF ligation has been reported in two prospective studies,
while the preservation of a functional AVF has been independ-
ently associated with an increased aortic augmentation index.
Randomized clinical trials are urgently needed to assess the
causal link between AVFs and the progression of chronic kid-
ney and heart diseases. These would definitely help identify
KTRs who will benefit from AVF preservation versus ligation.
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of Liège Hospital. F.J. is a Fellow of the Fonds National de la
Recherche Scientifique.

C O N F L I C T O F I N T E R E S T S T A T E M E N T

None declared.

R E F E R E N C E S

1. NKF-DOQI clinical practice guidelines for vascular access. National Kidney
Foundation-Dialysis Outcomes Quality Initiative. Am J Kidney Dis 1997;
30(4 Suppl 3): S150–S191

2. Einollahi B, Sadeghi Ghahrodi M. Hemodialysis arteriovenous fistula after
transplant: to keep or not to keep? Iran J Kidney Dis 2012; 6: 159–161

3. Vajdic B, Arnol M, Ponikvar R et alet al. Functional status of hemodialysis
arteriovenous fistula in kidney transplant recipients as a predictor of allog-
raft function and survival. Transplant Proc 2010; 42: 4006–4009

4. Unger P, Wissing KM, de Pauw L et alet al. Reduction of left ventricular
diameter and mass after surgical arteriovenous fistula closure in renal trans-
plant recipients. Transplantation 2002; 74: 73–79

A V F c l o s u r e n e g a t i v e l y i m p a c t s e G F R s l o p e 199

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article-abstract/32/1/196/2327318 by Law

 Library, U
niversity at Buffalo user on 21 June 2019

http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfw351/-/DC1


||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
|5. Unger P, Xhaet O, Wissing KM et alet al. Arteriovenous fistula closure after

renal transplantation: a prospective study with 24-hour ambulatory blood
pressure monitoring. Transplantation 2008; 85: 482–485

6. van Duijnhoven EC, Cheriex EC, Tordoir JH et alet al. Effect of closure of
the arteriovenous fistula on left ventricular dimensions in renal transplant
patients. Nephrol Dial Transplant 2001; 16: 368–372

7. Glowinski J, Malyszko J, Glowinska I et alet al. To close or not to close: fis-
tula ligation and cardiac function in kidney allograft recipients. Pol Arch
Med Wewn 2012; 122: 348–352

8. Soleimani MJ, Shahrokh H, Shadpour P et alet al. Impact of dialysis access
fistula on cardiac function after kidney transplantation. Iran J Kidney Dis
2012; 6: 198–202

9. De Lima JJ, Vieira ML, Molnar LJ et alet al. Cardiac effects of persistent
hemodialysis arteriovenous access in recipients of renal allograft. Cardiology
1999; 92: 236–239

10. Golper TA, Hartle PM, Bian A. Arteriovenous fistula creation may slow esti-
mated glomerular filtration rate trajectory. Nephrol Dial Transplant 2015;
30: 2014–2018

11. Sumida K, Molnar MZ, Potukuchi PK et alet al. Association between vascu-
lar access creation and deceleration of estimated glomerular filtration rate
decline in late-stage chronic kidney disease patients transitioning to end-
stage renal disease. Nephrol Dial Transplant 2016; May 30. pii: gfw220.
[Epub ahead of print]

12. Locatelli F, Zoccali C. Arteriovenous fistula as a nephroprotective interven-
tion in advanced CKD: scientific discovery and explanation, and the evalua-
tion of interventions. Nephrol Dial Transplant 2015; 30: 1939–1941

13. Korsheed S, Eldehni MT, John SG et alet al. Effects of arteriovenous fistula
formation on arterial stiffness and cardiovascular performance and function.
Nephrol Dial Transplant 2011; 26: 3296–3302

14. Levey AS, Coresh J, Greene T et alet al. Expressing the Modification of Diet
in Renal Disease Study equation for estimating glomerular filtration rate
with standardized serum creatinine values. Clin Chem 2007; 53: 766–772

15. Masson I, Flamant M, Maillard N et alet al. MDRD versus CKD-EPI equa-
tion to estimate glomerular filtration rate in kidney transplant recipients.
Transplantation 2013; 95: 1211–1217

16. Ferro CJ, Savage T, Pinder SJ et alet al. Central aortic pressure augmentation
in stable renal transplant recipients. Kidney Int 2002; 62: 166–171

17. Peteiro J, Alvarez N, Calvino R et alet al. Changes in left ventricular mass
and filling after renal transplantation are related to changes in blood pres-
sure: an echocardiographic and pulsed Doppler study. Cardiology 1994; 85:
273–283

18. Sequeira A, Tan TW. Complications of a high-flow access and its manage-
ment. Semin Dial 2015; 28: 533–543

19. Gera M, Slezak JM, Rule AD et alet al. Assessment of changes in kidney
allograft function using creatinine-based estimates of glomerular filtration
rate. Am J Transplant 2007; 7: 880–887

20. Delanaye P, Mariat C, Cavalier E et alet al. Errors induced by indexing glo-
merular filtration rate for body surface area: reductio ad absurdum. Nephrol
Dial Transplant 2009; 24: 3593–3596

21. Eriksen BO, Melsom T, Mathisen UD et alet al. GFR normalized to total
body water allows comparisons across genders and body sizes. J Am Soc
Nephrol 2011; 22: 1517–1525

22. Lobo MD, Sobotka PA, Stanton A et alet 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

23. Burchell AE, Lobo MD, Sulke N et alet al. Arteriovenous anastomosis: is this
the way to control hypertension? Hypertension 2014; 64: 6–12

24. Korsheed S, Crowley LE, Fluck RJ et alet al. Creation of an arteriovenous fis-
tula is associated with significant acute local and systemic changes in micro-
vascular function. Nephron Clin Pract 2013; 123: 173–179

Received for publication: 11.7.2016; Accepted in revised form: 24.8.2016

200 L. Weekers et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article-abstract/32/1/196/2327318 by Law

 Library, U
niversity at Buffalo user on 21 June 2019


	tblfn1
	tblfn2



