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ABSTRACT

Introduction: Arteriovenous fistula has been associated with improved morbimortality in hemodialysis patients.
This has resulted in the “fistula First, catheter last” initiative. Nonetheless, the survival benefit of arteriovenous
fistula has been questioned.

Methods: We conducted a retrospective observational study of all patients with non-end stage renal disease
referred for first vascular access building between January 2014 and December 2015 in our hospital center. Our
main goal was to evaluate the clinical impact and burden of building fistula in predialysis patients.

Results: During this period, of 178 first arteriovenous accesses placed, 87 patients remained in predialysis and
91 patients started a chronic hemodialysis program. Median follow-up time by a nephrologist was 3.9 (2.5, 9.7)
years. The mean age was 65.8+14.7 years, with 50.6% (n=90) of male patients. A higher rate of thrombosis in
the predialysis group (26% vs 13%, p=0.037) was observed, but vascular access survival did not differ significantly
(55% vs 67%, p=0.12). Mean vascular access placing was higher in the predialysis group (1.4+0.7 vs 1.2+0.4,
p=0.006) and less interventions were requested (0.2+0.5 vs 0.3+0.6, p=0.10). Median time from vascular access
placement to hemodialysis start was 22 (13, 41) months. At hemodialysis initiation, 10 (10.9%) patients used a
central venous catheter; 80 (87.9%) patients an arteriovenous fistula, and one patient a graft. A total of 227
vascular accesses were built; 121 (53.3%) in predialysis vs 106 (46.7%) in incident hemodialysis patients. In a
multivariate model, the presence of a functional arteriovenous fistula at hemodialysis start was only associated
with a trend to survival benefit (HR 0.38, 95% Cl 0.14-1.00, p=0.05).

Conclusions: Our results stress the need for an individual approach and for future tools to assess the risk of
death and progression to end-stage renal disease, therefore helping reduce the number of unutilized vascular
accesses and rising cost of interventions.
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INTRODUCTION

Foundation Kidney Disease Outcomes Quality Initiative (K/
DOAQI) and the Society for Vascular Surgery prioritizing AVF

The general recommendation for vascular access (VA)
placement in hemodialysis patients has been fistula first.1*
Historically, a survival benefit of arteriovenous fistula (AVF)
over arteriovenous graft (AVG) and tunneled dialysis cath-
eter (TDC) has been suggested.>8 This has been the main
argument for guidelines such as the National Kidney
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astheideal long-term vascular access; AVG as the following
preferred vascular access choice, and TDC the last
option.?10 Furthermore, these recommendations are sup-
ported by available data suggesting AVF has superior
patency, fewer complications, less need of re-interventions,
and ultimately improved patient survival.211
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Timely referral and placing of arteriovenous VA is
one of the best preventive measures of catheter use at
hemodialysis initiation, but defining the ideal timing of
arteriovenous (AV) access placement, namely of AVF,
remains challenging and not consensual1%1213_Ques-
tions start to be raised when non-functionality rates of
about 18% have been reported among the overall inci-
dent hemodialysis patients in Canada and the US popu-
lations, while a French study reported a rate of 9%
nonfunctional AVF14-17. A nonfunctional AVF is associ-
ated with increased access-related complications and
procedures’®. Moreover, prior literature that describes
the benefit of AVF over AVG and TDC is based on the
access first used as opposed to the access first placed?®.
Furthermore, the competing risk of death must be con-
sidered, especially in the elderly, as it results in a con-
siderable number of patients with matured AVF who
die before even starting hemodialysis18.

We aimed to retrospectively review the impact of
vascular access placement in a cohort of predialysis
patients in both vascular access-related complications
and survival, and patient survival.

METHODS

We retrospectively reviewed all patients in predialy-
sis who were referred to our specialized consulting at
Centro Hospitalar Universitario do Porto, between Janu-
ary 2014 and December 2015, for preoperative physical
examination, blood vessel assessment by doppler ultra-
sound (DU), and vascular access planning. Only first-
time referral for AV accesses were included in this
review. Patients who had undergone prior VA surgery
or who were re-starting hemodialysis (after kidney
transplant, for instance) were excluded from the analy-
sis. The presence of a temporary or cuffed dialysis
catheter was not an exclusion criterion. A total of 178
patients were included (Figure 1).

DU measurements were taken by a single nephrolo-
gist skilled in DU. The type of VA proposed by the con-
sulting nephrologist was dependent on patient past
medical history, physical examination, and DU find-
ings2C. The final choice of VA selected could be altered
due to findings during the surgical proceedings. All
patients were informed about the planned procedure
and gave informed consent.

Hospital registries were reviewed for patient demo-
graphics, pertinent medical history, physical evaluation

Figure 1

Flowchart of patient selection and vascular accesses placed

178 patients non-ESRD placed
afirst VA

87 patients remained
Predialysis

91 patients were
Incident HD

121 total VA placed 106 total VA placed

findings, preoperative imaging studies, and findings
from the postoperative follow-up. All postoperative
interventions were reviewed for indication, procedure
type, and outcome. Patient was considered to carry a
functional AVF when it could deliver adequate blood
flow and was ready to cannulate at hemodialysis (HD)
start.2! The end of VA follow-up was the beginning of
HD for those enrolled in a chronic hemodialysis pro-
gram. VA follow-up in patients who remained predialy-
sis ended at the time of death or the first of November
of 2016. All patients’ follow-up ended on the first of
November of 2016.

Our primary endpoint was to assess the timing, com-
plications, and survival of first VA placed in patients
with non-end-stage renal disease (ESRD) referred to
VA creation. Secondary endpoints were progression to
ESRD and patient survival.

Chi-square test was used to compare categorical
variables. Kolmogorov-Smirnov’s test was performed
to assess deviation from normal distribution. T test was
used for normally distributed continuous variables.
Mann-Whitney was applied to skewed variables. Log-
rank test was used to assess VA and patient cumulative
survival, and respective curves were derived by Kaplan-
Meier method. Multivariate analysis of patient and VA
survival was performed using Cox regression; only clini-
cally relevant or statistically significant variables were
included in the model. All tests of significance were
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two-sided and differences were considered significant
when p<0.05. Data are reported as percentages, mean
+ standard deviation (SD) or median and interquartile
range (IQR) and 95% confidence interval (Cl) as
appropriate.

All statistical analyses were performed using Stata/
IC 14.0°.

RESULTS

Between January 1st, 2014 and December 31th,
2015, 178 adult patients with non-ESRD were evaluated
for first VA creation. The mean age was 65.8+14.7 years,
with 62.9% being older than 65 years-old, and 29.2%
older than 75 years-old. Male patients represented
50.6% (n=90). Patients with history of diabetes repre-
sented 45.5% (n=81), ischemic heart disease (IHD)
25.3% (n=45), peripheral artery disease 19.1% (n=34),
and cerebrovascular disease 31.5% (n=56). Median
follow-up time by a nephrologist was 3.9 (IQR 2.5, 9.7)
years and mean estimated glomerular filtration rate at
referral was 16.8+5.2 ml/min/1.73m?2. Baseline char-
acteristics of patients who progressed and did not pro-
gress to ESRD are presented in Table I.

It was possible to construct a VA in all patients; 177
AVFs and one AVG. Median time from VA referral and
VA placement was 22 days (IQR 13, 37). In 19 (10.7%)
patients, VA placed differed from the one suggested
by the Nephrologist. There were 86 (48.3%) radio-
cephalic AVF, 65 (36.5%) brachio-cephalic AVF, and 26
(14.6%) brachio-basilic AVF. Median VA follow-up was
24.4 (1QR 8.1, 46.9) months. One hundred and nine VA
(61.2%) were patent at the end of follow-up; 52 (47.7%)
radio-cephalic AVF, 42 (38.5%) brachio-cephalic AVF,
14 (12.8%) brachio-basilic, and one AVG. By the end of
the follow-up only 91 (51.1%) patients started hemo-
dialysis and 21 (11.8%) patients died before starting
hemodialysis. Median time from VA placement and HD
initiation was 22 (IQR 13, 41) months, 14 (7.9%) patients
had the VA placed <6 months before HD start, 14 (7.9%)
patients between 6-12 months before HD start, and
150 (84.3%) more than one-year earlier. The first com-
plication experienced was primary failure in twenty-five
(14.0%) patients, 20 (11.2%) AVF thrombosed, with 40
(22.5%) AVF being abandoned. At the end of the study
26% (n=23) vs 13% (n=12) of first AVF thrombosed in
predialysis and HD group, respectively (p=0.037).

Eighty-four patients diagnosed with a potentially
rectifiable VA complication underwent a total of 48
interventions during the follow-up period (Table I1); 29

Table |
Patients’ baseline characteristics at the time of vascular access assessment.
Patients’ characteristics Predialysis Incident HD P-valueP

N 87 91
Age at referral, mean (SD) 66.8 (14.4) 64.9 (15.1) 0.39
Males 40 (46%) 50 (55%) 0.29
Diabetes 39 (45%) 42 (46%) 0.88
Hypertension 78 (90%) 86 (95%) 0.27
Peripheral Artery Disease 19 (22%) 15 (16%) 0.45
Ischemic Cardiac Disease 24 (28%) 21 (23%) 0.50
Cerebrovascular Disease 27 (31%) 29 (32%) 1.00
Chronic Kidney Disease etiology

Unknown 10 (11%) 10 (11%)

Diabetic nephropathy 23 (26%) 29 (32%)

ADPKD 10 (11%) 8 (9%) 0.93

Chronic GN 15 (17%) 18 (20%)

Ischemic nephropathy 10 (11%) 8 (9%)

Others 19 (22%) 18 (20%)
Follow-up time by a nephrologist (years), median (IQR) 4.8 (2.9,10.0) 3.6 (1.7, 8.6) 0.011
Estimated GFR, mean (SD) (ml/min/1,73m?)? 17.4 (5.1) 16.3 (5.3) 0.13
Patient follow-up time (months), median (IQR) 146.5 (88.1, 305.7) 137.7 (84.1, 317.3) 0.95
Patient survival (rate) 66 (76%) 64 (70%) 0.50

2 Estimated Glomerular Filtration Rate (GFR) at referral using The Modification of Diet in Renal Disease equation.
bData presented as mean + SD, median (interquartile range), or frequency (percent), as appropriate. GN: glomerulonephritis; ADPKD: autosomal dominant polycystic kidney disease.

A p-value<0.05 was considered statistically significant.
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Table Il

First intervention performed in the first-time AVF.

Type of procedure? N (%)
Balloon angioplasty 15 (8.4)
Thrombectomy 2(1.1)
Surgery 15(8.4)
Banding 3
Proximal anastomosis rebuilding 7
Arteriovenous ligation? 2
Open angioplasty 1
Graft interposition 2

2 Only the first procedure is considered in this table.

b Arteriovenous ligation resulting in VA closure was performed in one case because of
AVF infection and in the second case because of draining vein with multiple stenosis,
but anastomosis to basilic vein was feasible.

(16.3%) patients experienced one intervention, 5 (2.8%)
patients were submitted to 2 interventions, and 3
(1.7%) patients underwent 3 procedures. Main vascular
access characteristics are described in Table Ill. Of those
starting hemodialysis, 10 (10.9%) patients started with
TDC, 80 (87.9%) with AVF, and one with AVG. A total
of 227 VA was built, of which 121 (53.3%) were in the
predialysis group and 106 (46.7%) in incident HD
patients, with 35 (19.6%) patients submitted to 2 VA
placement, 4 (2.2%) patients submitted to 3 VA place-
ment and 2 patients submitted to 4 VA placement.

Table Il

First vascular access characteristics and complications.

At the end of VA follow-up, 48 (55%) patients in pre-
dialysis and 61 (67%) patients in the group who started
HD (p=0.12) had their first VA access patent. In a multi-
variate model including age, sex, diabetes, peripheral
artery disease, cerebrovascular disease, ischemic heart
disease (IHD), DU diameter of nurturing artery and out-
flow vein, and number of VA-related interventions, only
IHD (HR 1.97, 95% CI 1.06-3.66, p=0.03) and cerebro-
vascular disease (HR 1.99, 95% Cl 1.08-3.67, p=0.03) were
significantly associated with worse VA survival.

Patient cumulative survival in the group who remained
predialytic was 76% (n=66) and 70% (n=64) for those
starting chronic HD (p=0.50). The presence of a func-
tioning AVF at HD start did not correlate with a statisti-
cally significant improved survival (HR 0.47, 95% Cl
0.17-1.24, p=0.129). But in a multivariate analysis includ-
ing gender, age, IHD, peripheral arterial disease, cerebro-
vascular disease, diabetes, and presence of functional
AVF, age was associated with increased mortality (HR
1.06, 95% Cl 1.01-1.11, p=0.008), while functional AVF
at HD start showed a trend towards improved survival
(HR 0.38, 95% Cl 0.14-1.00, p=0.05). When all patients
were included in the model (HD and predialysis), only
age was significantly associated with worse prognosis
(HR1.07,95% ClI 1.03-1.11, p<0.0001). Patient cumula-
tive survival curves can be observed in Figure 2.

Vascular access characteristics Predialysis Incident HD P-value

N 91
AV access placed

Radio-cephalic fistula 44 (51%) 42 (46%)

Brachio-cephalic fistula 34 (39%) 31 (34%) 028

Brachio-basilic fistula 9 (10%) 17 (19%)

AV Graft 0 (0%) 1(1%)
Outflow vein diameter (mm)2, median (IQR) 3.2(2.8,3.9) 3.3(2.7,4.4) 0.36
Nurturing artery diameter (mm) 2, median (IQR) 3(2.6,4.2) 3.4 (2.7,4.5) 0.11
First complication 44 (52.3%) 40 (47.6%)

Primary failure 12 (14%) 13 (14%)

Juxta-anastomosis stenosis 6 (7%) 8 (9%)

Outflow vein stenosis 6 (7%) 8 (9%) 074

Central venous stenosis 1(1%) 0 (0%)

Thrombosis 12 (14%) 7 (8%)

Steal syndrome 4 (5%) 3 (3%)

Others 3 (3%) 1(1%)
Number of procedures?, median (IQR) / mean (SD) 0(0,0) /0.2 (0.5) 0(0,1) /0.3 (0.6) 0.03/0.10
Number of thrombosis?, median (IQR) / mean (SD) 0(0,1)/0.3(0.5) 0(0,0)/0.1(0.3) 0.02/0.02
Number of AV access placed®, median (IQR) / mean (SD) 1(1,2)/1.4(0.7) 1(1,1)/1.2(0.4) 0.02 / 0.006
AV access survival (rate) 48 (55%) 61 (67%) 0.12

Data presented as mean + SD, median (interquartile range), or frequency (percent), as appropriate. A p-value<0.05 was considered statistically significant.

2 Doppler ultrasound assessment at nephrologist consultation for VA planning.

b Even though these variables are skewed, for ease of reading, mean and SD are presented.
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Figure 2
Kaplan-Meier survival curves of predialysis and incident hemodialysis
patients, respectively

Kaplan-Meier survival estimates
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Optimizing vascular access outcomes continues to
be an uppermost priority in the management of non-
ESRD and hemodialysis patients. The initial KDOQI
guidelines published in 19971 and updated in 20012
and 2006° as well as the “Fistula First Initiative” in 20033
have consistently recommended preferential place-
ment of AVFs over AVGs or TDCs.

Several rationales for preferring AVFs over AVGs have
been proposed: (1) AVFs have better longevity, (2)
require fewer interventions to maintain long-term
patency, (3) lower access-related costs, and (4) HD
patients with an AVF have a lower mortality®1122,

The “Fistula First Initiative” has been questioned,
particularly in the elderly. A recent study revealed
that patients older than 80 years-old had similar sur-
vival outcomes whether an AVF or AVG was placed
first; TDC had clearly the inferior outcome, and only
50.7% of the patients who had an AVF as their first
access placed actually used an AVF at the time of
dialysis initiation1. Another recent observational
study documented that older patients (267yo) who
initiate HD with a central venous catheter (CVC), who
had an AVF placed rather than an AVG, within 6
months of dialysis initiation, were associated with
better overall survival, despite longer CVC depend-
ence. Moreover, patients with AVF placement had
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lower rates of hospitalization due to all-cause infection
and septicemia/bacteremia.?3

In our study two thirds of the patients were older
than 65 years-old, one third of them older than 75
years-old, while showing an impressive rate of AVF use
at HD initiation (87.9%). This happened at the expense
of 227 arteriovenous (AV) accesses placed in 178
patients, with only 91 patients engaging HD and 21
(11.8%) deaths before even starting HD, in a 4-year
period of follow-up.

Additionally, discrepancies remain in guidelines for
optimal timing of vascular access placement: K/DOQI°
guidelines suggest at least 6 months before HD start;
the European Best Practice Guidelines? recommend
AVF creation at least 2-3 months before hemodialysis
start, whereas the Society for Vascular Surgery19 defines
a glomerular filtration rate of 20 to 25 ml/min/1.73m?
as the criterion for fistula referral.

The timely creation of an AV access in patients with
non-ESRD requires consideration of factors, such as
patient preferences, life expectancy, likelihood of need-
ing and timing of hemodialysis start, AV access eligibil-
ity, and risk of complications. A Canadian population-
based study showed, when late-referral patients were
excluded, that 39% of the remaining cohort had a pre-
dialysis AV access creation and 27% used an AV access
at hemodialysis, with median time between AV access
creation and hemodialysis start of 184 days.1® A French
study based in the REIN registry documented an overall
18% patients with nonfunctional AV access at hemo-
dialysis initiation; in those with a planned dialysis start,
the interval between AV access creation and hemodi-
alysis initiation was <1 month for 14% of patients, 1-3
months for 27%, 3—12 months for 38%, and >12 months
for 21%.17

Our results revealed a median time from VA place-
ment and HD initiation of 22 months, 84.3% built a VA
more than one-year before HD initiation, while 7.9%
patients had the VA placed between 6-12 months, and
7.9% <6 months before HD start, respectively. This find-
ing is possibly related to challenges in the anticipation
of HD onset because of nonlinear chronic kidney dis-
ease progression, reversible acute kidney injury and
the ultimate concern for a functional AVF at the time
of HD initiation. A strategy of closer follow-up of
patients eligible for an AVF may facilitate determination
of the ideal timing for AV access creation. Optimal tim-
ing should also involve the avoidance of AV access crea-
tion in patients who will not begin dialysis.
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A decision analysis assessing the ideal timing for
AV access referral through Monte Carlo simulation
found that earlier referral for older patients had vir-
tually no impact on rates of successful AV access use
at hemodialysis initiation, but increased the frequen-
cy of unnecessary AV access creation.2* This outcome
was due mainly to mortality before hemodialysis
initiation, which suggests that early VA placement in
patients with a high comorbidity burden may often
be pointless. Furthermore, a population-based study
conducted in Canada showed that patients with a
higher Deyo-Charlson Comorbidity Index were more
likely to start hemodialysis after AVF creation, when
age, sex, and the competing risk of death were
considered.2>

We registered 38.8% (n=69) non-functional AVF at
the end of the study. In the multivariate analysis only
IHD and cerebrovascular disease were associated with
worse VA survival. The reason for the rate of failure
seen in our cohort might be explained by an exhaustive
attempt to create autologous fistulas. It has been pro-
posed that, in the elderly, an AVG may be a preferable
choice of second VA in a specific group of patients,
such as females, blacks, and those with peripheral vas-
cular disease.2® In addition to a clinical-tree decision,
DU assessment may help select the best VA option for
each individual patient.

Our study has some limitations. First, due to its
observational nature we are only able to infer asso-
ciations rather than causality. Second, our study is
probably underpowered to detect a survival benefit,
yet we did find a marginal survival improvement from
functional AVF at HD initiation, with age being the
most important mortality predictor in our model.
Brown et al. and Quinn et al. described that among
patients initiating HD with a CVC, those who under-
went AVF placement before HD initiation had superior
survival to those without predialysis access surgery,
despite having a very similar profile of comorbidi-
ties.2728 This was even if the AVF failed to mature
and was never used for HD, and thus with no correla-
tion with a shorter CVC dependence period. This
finding suggests that the decision to place an AVF in
a patient itself reflects a healthier patient in ways
that are not captured by compiling a list of known
comorbidities. Moreover, an observational study sug-
gested that the association between access type and
mortality was nearly identical in models excluding
and including access complications (HR 2.00; 95% ClI
1.55-2.58 vs HR 2.01 95% Cl 1.56-2.59 for CVC versus
AVF, respectively).2?

Regarding costs, a recent study suggests that even
though AVF have been considered the most cost-effec-
tive option, this benefit decreases with rising age and
lower life expectancy.30

In conclusion, a high AVF placement rate was pos-
sible in the K/DOQI era. Nevertheless, the improving
number of functional AVF can be at the expense of an
exceeding number of futile VA created, increased rate
of failing AVFs and rising burden of interventions. To
date no randomized controlled trial has been designed
to access the real benefit from predialysis AVF place-
ment. Our results highlight the aging of our population
and the need for an individual approach and for future
tools which can help predict the risk of death and pro-
gression to ESRD.

Disclosure of potential conflicts of interest: none declared
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