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Abstract

analyze risk factors for VAF after VAIVT.

after VAIVT.

Background: Vascular access (VA) intervention therapy (VAIVT) has been increasingly used for treating VA failure
(VAF) in patients undergoing hemodialysis; however, clinical evidence demonstrating the efficacy of prevention of
VAF after VAIVT is limited. Therefore, we aimed to assess characteristics of patients developing VAF after VAIVT and

Methods: This retrospective study included 96 patients with VAF who underwent ultrasound-guided VAIVT by
interventional nephrologists between January 2013 and March 2018 at the Department of Nephrology, University
of Tokyo Hospital, Japan. Patient information included age, sex, medication history, and comorbidities that could
potentially affect VAF onset. Patients were categorized into two groups based on antiplatelet treatment. Multivariate
Cox regression analysis was performed for evaluating effect of various factors on VAF after VAIVT.

Results: Median age of patients at the time of VAIVT was 71 years (interquartile range 63-79); the most prevalent
etiology underlying end-stage renal disease was diabetic nephropathy (40.7%). Comparison between the
antiplatelet and non-antiplatelet groups revealed that the incidence of VAF was significantly lower in the
antiplatelet group. Multivariate analysis revealed that antiplatelet treatment was associated with a lower risk of VAF

Conclusion: Administration of antiplatelet agents was associated with a significant reduction in VAF risk after VAIVT.

Keywords: Vascular access failure, Vascular access intervention therapy, Hemodialysis, Antiplatelet

Background

Vascular access (VA) is a lifeline for patients undergoing
hemodialysis (HD). According to the Japanese Society for
Dialysis Therapy (JSDT) guidelines, complications, such
as stenosis and thrombosis, cannot be avoided because of
prolonged VA use [1]. Moreover, VA failure (VAF) due to
stenosis or thrombosis of the VA site hinders dialysis con-
tinuation, with a serious impact on patients undergoing
HD and increase in medical expenses that are incurred
during restoring VA. Therefore, VA stability is critical for
maintaining the quality of life of patients undergoing HD
and for reducing their medical expenses. For instance, the
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annual expenditure associated with VA is more than one
billion US dollars in the USA [2, 3]. Therefore, several
studies investigating approaches for preventing VAF that
often occurs after VA construction reported that treat-
ment with antiplatelet agents reduced the risk of stenosis
and improved the duration of primary unassisted patency
of newly created VA [4, 5].

Recently, vascular access intervention therapy (VAIVT)
has become one of the established therapy options for re-
solving VAF [1, 6-11]. Although VAIVT is less invasive
than surgical reconstruction [7, 12-14], information on
prevention of VAF after VAIVT is limited.

To clarify these issues, we conducted a retrospective
analysis of 96 patients with VAF at a single institute,
with the definition of VAF based on the JSDT guidelines
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[1]. Our findings indicated that antiplatelet treatment
might prevent VAF due to frequent restenosis after
VAIVT.

Methods

Study design

This retrospective study included data from 96 patients
with VAF who underwent ultrasound-guided VAIVT by
intervention nephrologists at the University of Tokyo
Hospital between January 2013 and March 2018. These
enrolled patients were hospitalized. All procedures dur-
ing this study were performed by the same team.

Indications for VAIVT were defined according to the
JSDT guidelines [1] and included a stenosis rate of > 50%
in addition to > 1 of the following clinical medical abnor-
malities: (i) decreased blood flow, (ii) increased venous
pressure, (iii) an abnormally high blood urea nitrogen
level, and (iv) unexplained reduction in dialysis effi-
ciency [1].

Among the 96 adults who underwent ultrasound-guided
VAIVT included in this study, six with primary failure of
intervention and 31 with VA construction within 180 days
before intervention were excluded. Therefore, 59 patients
with a primary VAF episode were eligible for the final ana-
lysis (Fig. 1).

The primary outcome was 1-year VA patency after
VAIVT; the secondary outcome was frequency of any
complication after VAIVT.

Definitions

Primary success was defined according to the reporting
standards of the American Society of Interventional
Radiology [15]. Clinical success was defined as recovery
of palpable continuous thrill perception, loss of initial
clinical abnormalities associated with VAE, or at least
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one successfully performed dialysis session. According to
the JSDT guidelines, VAF was defined as HD discontinu-
ation because of stenosis or acute thrombus occlusion [1].

Patients who continuously received any of the antiplate-
let agents, such as aspirin, clopidogrel, and cilostazol, be-
fore VAIVT were categorized in the antiplatelet group,
whereas those who did not receive any antiplatelet agent
were categorized in the non-antiplatelet group. The anti-
platelet group was further divided into two groups accord-
ing to the type of antiplatelet agent as monotherapy
(aspirin or clopidogrel) and dual antiplatelet therapy
(DAPT).

Older age has been reported as an independent risk
factor for VAF after VA construction. Therefore, to exam-
ine the influence of age on vascular access outcome, we
defined individuals age older than the median age in this
study group as “the older age” [16, 17].

Ultrasound-guided VAIVT

VA was accessed with a single-entry needle under ultra-
sound guidance using a diagnostic Noblus ultrasound
scanner (Hitachi Healthcare, Tokyo, Japan). All proce-
dures were completed via a 4- or 5-Fr sheath introducer,
with a 0.018-0.035-in. curved or straight-tip guidewire
(Radifocus guidewire M, GT wire angle, or straight type;
Terumo, Tokyo, Japan) and a balloon with a diameter ran-
ging from 4 to 6 mm and a length of 40 mm (SABER’,
Cardinal Health Japan, Japan, Mustang™ and Sterling™
Boston Scientific, USA). Brachial artery blood flow volume
was measured by using ultrasound scanner before and
after VAIVT.

Statistical analysis
All data were presented as means + standard deviation
or median (interquartile range). Categorical variables,

96 cases assessed for eligibility

v

—

37 cases were excluded

59 cases were enrolled

J,

}

Antiplatelet group

31 cases

Non-antiplatelet group

28 cases

Fig. 1 The flowchart of the enrolled patients. Antiplatelet agents included aspirin, clopidogrel, and cilostazol




Mizuno et al. Renal Replacement Therapy (2018) 4:43 Page 3 of 9
Table 1 Baseline clinical characteristics Table 1 Baseline clinical characteristics (Continued)
Characteristic Characteristic
Number 59 VAF (%)
Age 71 (63-79) Stenosis/thrombosis 15.3/84.7
Older age (%) 492 Adverse event (%)
Sex (male, %) 76.3 Serious bleeding event
Etiology of ESRD (%) Intracranial 0
DN 40.7 Gastrointestinal 0
NS 237 CVD event after VAIVT
CGN 153 IHD 1.9
ADPKD 1.7 CHF 5.1
IgAN 5.1 Stroke 1.7
Other or unknown 136 We defined individuals aged > 71 years as “the older age”

. . ESRD end-stage renal disease, DN diabetic nephropathy, NS nephrosclerosis,
Smoking history (%) 644 CGN chronic glomerulonephritis, ADPKD autosomal dominant polycystic kidney
DM (%) 576 disease, IgAN IgA nephropathy, DM diabetes mellitus, CVD cardiovascular

’ disease, IHD ischemic heart disease, CHF congestive heart failure, PAD
Dyslipidemia (%) 576 peripheral artery disease, RAS/ renin-angiotensin-aldosterone system inhibitor,
. 0 DAPT dual antiplatelet therapy, ESA erythropoiesis-stimulating agent, CERA
Major CVD (%) 54.2 continuous erythropoietin receptor activator, AVF arteriovenous fistula, VAIVT
IHD 356 vascular access intervention therapy, VAF vascular access failure
CHF 136 including age, sex, medical history, and etiology of
Stroke 85 chronic kidney disease G5D (CKDG5D), were compared
PAD (%) 136 using Pearson’s chi-squared or Fisher’s exact test. Signifi-
RASI (%) 55 cance of a§SOC1atlon§ among categorical varlable’s was
_ assessed using the chi-squared test and Spearman’s rank
Statin (%) 49.1 . . . .
correlation coefficient, and, to evaluate the relative risk
i 0 . . . .
Antiplatelet agents (%) 222 to VA patency after VAIVT, univariate and multivariate
Aspirin 47.5 Cox regression analyses were performed; results were re-
Clopidogrel 237 ported as hazard ratios and 95% confidence intervals.
Cilostazol 17 Before performing Cox regression analysis, we tested the
DAPT 03 proportional hazards assumption using the Schoenfeld
_ residual test. Covariates assessed in univariate analyses
Warfarin (%) 84 . . .
included the older age; sex; prevalence of smoking his-
ESA tory; prevalence of diabetes mellitus (DM); prevalence of
Epoetin a or B (IU/week) 32045423260 diabetic nephropathy (DN); cardiovascular disease
Darbepoetin a (ug/week) 404£412 (CVD); dyslipidemia; peripheral artery disease (PAD);
CERA (ug/2 week) 6254177 medications, including renin—angiotensin—aldosterone
Hb (g/dl) 104414 system (RAAS) %nhlbltors, .statms, and antlplatel?t
s agents; and arteriovenous fistula (AVF) anastomosis
Platelet (x 107/ul) 189+6.7 . . .
type. According to the Japan Atherosclerosis Society
PT-INR 1004 2012 guidelines, dyslipidemia was defined as low-density
CRP (mg/d)) 07+14 lipoprotein cholesterol level > 140 mg/dl, high-density
Dialysis duration (month) 286+309 lipoprotein cholesterol level <40 mg/dl, or triglyceride
AVF anastomosis type (%) level 2150 mg/dl [18]. Dyslipidemia also included pa-
Radiocephalic 814 tients who received statin or ezetimibe. The primary pa-
A _ tency rate after VAIVT was analyzed using the Kaplan—
Brachiocephalic 169 . .
i N Meier test; patency curves were compared using the
Radiobasilic 1/ log-rank and Wilcoxon tests.
Quantity of blood flow (ml/min) 192.3+336 Statistical significance was defined as a p value < 0.05.
Flow volume (ml/min) Statistical analyses were performed using JMP® software
Before VAT 4187 + 3625 (version 8.0; SAS Institute, Cary, NC, USA) or EZR soft-
After VAIVT 8433 4 7232 ware (version 1.37; Saitama Medical Center, Jichi Med-

ical University, Saitama, Japan).
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This study was approved by the institutional review
board of the University of Tokyo [IRB number 2879-(6)]
and was conducted in accordance with guidelines of the
Declaration of Helsinki. Informed consent was obtained
from all patients at the time of hospital admission for
VAIVT.

Results

Patient characteristics

Patient characteristics are shown in Table 1. The study
group comprised 59 patients (45 men and 14 women)
who were followed up for 266.6 + 326.2 days. Median
age was 71 years; therefore, we defined individuals aged
>71 years as “the older age” (Additional file 1: Figure
S1). The most prevalent etiology underlying CKDG5D
in the current study was DN (40.7%). The median dur-
ation of dialysis was approximately 28.6 months. The
most common AVF type was radiocephalic fistula (n =
48), followed by brachiocephalic (# = 10) and radiobasi-
lic (m=1) fistula. The median flow volume before
VAIVT was 418.7 ml/min. More than half of the pa-
tients received any of antiplatelet agents; aspirin, clopi-
dogrel, and cilostazol were administered to 28 (47.5%),
14 (23.7%), and 1 (1.7%) patients, respectively. Of these,
20 patients received DAPT. Antiplatelet agents were
administrated in 31 patients. At the end of the observa-
tion period, although the administration conditions
were unknown without data in three (9.7%) patients, 28
(90.3%) had continuously received these antiplatelet
agents.

Initial success and primary patency rates

During the entire study period, the initial VAIVT success
rate was 93.8%, similar to that reported by previous
studies [19-25]. In addition, the 1-year patency rate was
39.7% (Fig. 2).

Characterization of patients in the antiplatelet and non-
antiplatelet group

Clinical characteristics of patients in the antiplatelet and
non-antiplatelet group are summarized in Table 2. Rates
of patients with smoking history (p = 0.008), dyslipidemia
(p=0.009), and CVD (p <0.001) were significantly higher
in the antiplatelet group than in the non-antiplatelet
group. However, there were no statistical differences in
rates of DN, DM, or PAD between the two groups. Ad-
verse events were similar between the two study groups.
There were no serious bleeding events, such as intracra-
nial or gastrointestinal hemorrhage, and no significant dif-
ferences in CVD events occurred during the follow-up
period.
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Fig. 2 Cumulative patency rate after vascular access intervention
therapy during the entire study period. In this study, the 1-year
patency rate was 39.7%

Primary patency in the antiplatelet group

Next, we assessed the association between antiplatelet
agent treatment and cumulative primary patency rates by
the Kaplan—Meier test (Fig. 3). The 1-year patency rate
after VAIVT was significantly higher in the antiplatelet
group than in the non-antiplatelet group (p =0.035). We
also assessed the number of antiplatelet agents used to
examine whether there was a difference in 1-year patency
rate between monotherapy and DAPT (Fig. 4). There was
a significant difference in the 1-year patency rate after
VAIVT among the three groups (p = 0.048). However, we
did not find a significant difference between monotherapy
and DAPT.

Analysis of independent risk factor for VAF

To identify variables that were significantly associated
with VAF after VAIVT, we conducted a univariate Cox
regression analysis after confirming the proportional
hazards assumption using a Schoenfeld residuals test. The
result of the proportional hazards assumption is shown in
Additional file 2: Table S1 and Additional file 3: Figure S2.
We excluded age from covariates because the proportional
assumption of age was violated. As shown in Table 3, only
treatment with antiplatelet agents was significantly associ-
ated with VAF. Conversely, the older age, sex, DN, DM,
dyslipidemia, CVD, PAD, smoking history, or AVF anasto-
mosis type were not found to be risk factors for primary
patency.

In several studies, old age, female sex, smoking history,
dyslipidemia, and CVD were reported as independent risk
factors for VAF after VA construction [12, 16, 17, 26—-29].
Therefore, we conducted a multivariate Cox regression
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Table 2 Clinical characteristics of patients who did or did not receive antiplatelet agents

Antiplatelet group Non-antiplatelet group p value

Number 31 28
Age 73 (68-78) 71 (58.5-80) 0.27
Older age (%) 54.8 429 044
Sex (male, %) 80.7 64.3 022
Etiology of ESRD (%)

DN 484 321 020

NS 258 214 0.69

CGN 9.7 214 0.21

ADPKD 32 0 0.34

IgAN 6.5 36 0.62

Other or unknown 6.5 214 0.093
Smoking history (%) 80.7 464 0.008
DM (%) 61.3 536 0.60
Dyslipidemia (%) 742 393 0.009
CVD (%) 80.7 250 <0.001

IHD 58.1 10.7 <0.001

CHF 16.1 10.7 0.54

Stroke 226 0 0.007
PAD (%) 226 36 0.55
RASI (%) 452 60.7 030
Statin (%) 290 750 <0.001
Warfarin (%) 6.5 10.7 067
ESA

Epoetin a or B (IU/week) 3750.0 £ 1068.5 27500+9754 0.51

Darbepoetin a (ug/week) 33.1+£97 474+94 0.29

CERA (ug/2 week) 50 75 -
Hb (g/dl) 106+03 10.1+0.29 028
Platelet (x 103/ul) 19812 179+£13 0.28
PT-INR 1.0+£0.1 1.1+£0.1 0.50
CRP (mgrdl) 06+03 08+£03 0.71
Dialysis duration (month) 318+332 208+ 270 042
AVF anastomosis type (%)

Radiocephalic 710 929 0.031

Brachiocephalic 258 7. 0.056

Radiobasilic 32 0 034
Quantity of blood flow (ml/min) 194.1+65 190+76 069
Flow volume (ml/min)

Before VAIVT 461.8 £ 86.1 373.1+£885 047

After VAIVT 8162+ 1729 872.1+1779 0.82
VAF

Thrombosis (%) 194 10.7 048

Adverse event (%)
Serious bleeding event

Intracranial 0 0 -



Mizuno et al. Renal Replacement Therapy (2018) 4:43 Page 6 of 9
Table 2 Clinical characteristics of patients who did or did not receive antiplatelet agents (Continued)
Antiplatelet group Non-antiplatelet group p value
Gastrointestinal 0 0 -
CVD event after VAIVT

IHD 194 36 0.061
CHF 6.5 36 0.62
Stroke 32 0 034

We defined individuals aged > 71 years as “the older age”

ESRD end-stage renal disease, DN diabetic nephropathy, NS nephrosclerosis, CGN chronic glomerulonephritis, ADPKD autosomal dominant polycystic kidney
disease, IgAN IgA nephropathy, DM diabetes mellitus, CVD cardiovascular disease, IHD ischemic heart disease, CHF congestive heart failure, PAD peripheral artery
disease, RASI renin—-angiotensin-aldosterone system inhibitor, ESA erythropoiesis-stimulating agent, CERA continuous erythropoietin receptor activator, AVF
arteriovenous fistula, VAIVT vascular access intervention therapy, VAF vascular access failure

analysis using these factors to determine if they were
independent risk factors for VAF after VAIVT (Table 4).
Treatment with antiplatelet agents was found to be
independently associated with patency after VAIVT
(hazard ratio, 0.28; 95% confidence interval, 0.09-0.82;
p =0.02).

Overall, these findings supported an association between
antiplatelet agent treatment and primary patency.

Discussion

The current study investigating the association between
primary patency after VAIVT and antiplatelet agent
treatment using a medical record review determined that
the long-term patency rate was good, with a cumulative
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Fig. 3 Kaplan—-Meier curves for vascular access patency rate. Patency
rate after VAIVT was significantly lower in the non-antiplatelet group
(50.8% vs. 27.3%; p = 0.035)

patency rate of 39.7% for 1 year after VAIVT (Fig. 2),
and that the cumulative patency rate was higher in pa-
tients treated with antiplatelet agents than in those not
treated with an antiplatelet agent. The frequency of bleed-
ing or other serious adverse events was not higher in the
antiplatelet group. Our results showed that administration
of antiplatelet agents may contribute to the improvement
of 1-year patency rate after VAIVT (Table 4). To the best
of our knowledge, this is the first study to demonstrate
the protective effect of antiplatelet agents against VAF
after VAIVT.

Previous studies and systematic reviews have reported
that antiplatelet agents are effective in preventing VAF,
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Fig. 4 Kaplan-Meier curves of the cumulative patency rate after
vascular access intervention therapy. The 1-year patency rate was
53.0%, 46.7%, and 27.3% in the monotherapy group, the DAPT
group, and the non-antiplatelet group, respectively (p = 0.048)
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Table 3 Factors associated with VA failure after VAIVT in
univariate Cox regression model

HR 95% Cl p value
Older age 0.78 0.35-1.65 0.52
Sex (male) 1.95 0.75-6.64 0.18
Etiology of ESRD
DN 1.30 0.61-2.74 0.50
NS 0.58 0.17-1.50 0.28
CGN 0.96 032-2.34 0.94
ADPKD - - -
IgAN 0.81 0.20-4.15 0.78
Other or unknown 1.13 0.27-3.23 0.85
Smoking history 0.83 0.38-1.92 0.64
DM 1.95 0.87-4.95 0.1
Dyslipidemia 146 0.69-3.31 0.33
CcvD 0.75 0.35-1.58 045
IHD 0.74 0.22-1.93 0.57
CHF 1.25 0.20-4.20 0.77
Stroke 027 0.02-1.29 0.12
PAD 0.56 0.13-1.60 0.31
RASI 1.69 0.80-3.71 0.17
Statin 141 067-3.10 0.37
Warfarin 0.61 0.10-2.03 046
Antiplatelet agents 045 0.21-0.95 0.036
AVF anastomosis type (%)
Radiocephalic 322 0.96-20.0 0.060
Brachiocephalic 0.36 0.06-1.21 0.11

We defined individuals aged > 71 years as “the older age”

VA vascular access, VAIVT vascular access intervention therapy, HR hazard ratio,
Cl confidence interval, ESRD end-stage renal disease, DN diabetic nephropathy,
NS nephrosclerosis, CGN chronic glomerulonephritis, ADPKD autosomal
dominant polycystic kidney disease, IgAN IgA nephropathy, DM diabetes
mellitus, CVD cardiovascular disease, IHD ischemic heart disease, CHF
congestive heart failure, PAD peripheral artery disease, RASI renin—
angiotensin-aldosterone system inhibitor, AVF arteriovenous fistula

Table 4 Factors associated with VA failure after VAIVT in
multivariate Cox regression model

HR 95% Cl p value
Antiplatelet agents 0.28 0.09-0.82 0.020
Older age 0.95 0.38-2.29 091
Sex (male) 214 0.75-7.67 0.16
Dyslipidemia 1.89 0.81-4.69 0.14
CvD 129 051-3.37 0.59
Smoking history 1.07 0.39-3.13 0.89

We defined individuals aged > 71 years as “the older age”
VA vascular access, VAIVT vascular access intervention therapy, HR hazard ratio,
Cl confidence interval, CVD cardiovascular disease
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including those resulting from thrombosis [4, 30-33].
For example, a randomized control study showed that
VAF risk after arteriovenous graft construction was re-
duced by 5% following administration of antiplatelet
agents [4]. A recent systematic review demonstrated that
antiplatelet agents were effective in preventing AVF and
central venous thrombosis [32]. The same systematic re-
view also reported that VAF was significantly reduced by
57% in the antiplatelet group compared with that in the
placebo or non-treatment groups (relative risk, 0.43; 95%
confidence interval, 0.26-0.73; > =25%) [31]. However,
these studies investigated the efficacy of antiplatelet
agents against primary patency after VA construction.
Conversely, results of the current study suggest that an-
tiplatelet agents are useful for VA patency after VAIVT.
Based on a previous study [34], we excluded patients
with VA construction within 180 days before interven-
tion because our study aim was to examine the effect of
antiplatelet agents on secondary patency and not pri-
mary patency.

This study showed that the cumulative VA patency after
VAIVT was significantly higher in patients treated with
antiplatelet agents than in those who were not treated
with antiplatelet agents. This outcome is biologically
plausible because several recent reports have suggested
that high levels of local oxidative stress or inflammatory
mediators are involved in development of VAF [35-39].
Several recent studies showed that some mediators such
as heme oxygenase-1 and heme oxygenase-2, monocyte
chemoattractant protein-1, Kruppel-like factor-2, and
TGEF-bl play an important role in AVF dysfunction in
mouse model [40, 41]. Antiplatelet agents, such as aspirin,
clopidogrel, and cilostazol, have been reported to reduce
oxidative stress and inflammation [42, 43]. For example,
these agents have a great effect on suppression of the on-
set or progression of vascular disease after invasive treat-
ment for major CVD and PAD [44-51]. In addition, our
results are consistent with those of a recent systematic re-
view showing that antiplatelet agents reduced VAF inci-
dence in AVFs [32].

In the present study, there were no serious bleeding
events related to antiplatelet agent treatment; this find-
ing is consistent with that of a recent meta-analysis that
showed that antiplatelet agents are not associated with
serious adverse events [32].

A recent study has shown that protein-bound uremic
toxins, such as indoxyl sulfate, resulted from the metabol-
ism of dietary tryptophan were associated with vascular
access patency after VAIVT [52]. Uremic toxins were not
measured in the present study, which may have influenced
vascular access outcomes between the two groups. How-
ever, no participant had dysphagia and all participants
were educated regarding the medical nutrition therapy for
chronic kidney disease.
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Our study has several limitations. First, this retrospect-
ive cohort study at a single institution included a small
number of patients. Because the proportional assumption
of age was violated, selection bias related to age may have
influenced the analysis result. Second, cause-specific risk
of VAF after VAIVT could not be analyzed. Third, the rate
of patients with radiocephalic fistula was significantly
higher in the non-antiplatelet group than in the antiplate-
let group. Although there might be selection bias such as
technical problem and selection bias involving surgeon
skill, AVF anastomosis type was not significantly associ-
ated with VAF. Finally, because all study subjects were
hospitalized, their overall condition was worse than the
general dialysis population, which might have led to a se-
lection bias.

In Japan, antiplatelet therapy for the treatment or pre-
vention of VAF has not been covered by the Japanese
health insurance system. Therefore, in the present state,
it is not possible to administer antiplatelet agents against
VAF to patients with VAF.

Conclusions

This retrospective study on a cohort of patients with VAF
at a single institution revealed that administration of anti-
platelet agents was associated with a reduced VAF rate after
VAIVT and that there was no significant difference in ser-
ious adverse event rates between the two groups. Overall,
these results suggest that antiplatelet agents are useful in
reducing the development of VAF after VAIVT. We, inter-
ventional nephrologists, believe that some vascular access
failure pathology may be implicated in platelet and inflam-
mation, but there is little existing evidence. Therefore, pro-
gress of research in this field is expected in future.

Additional files

Additional file 1: Figure S1. Box plot showing the age distribution of
the patients in this study. People over 71 years old was defined as the
older age. Box plot explanation: upper horizontal line of box, 75th
percentile; lower horizontal line of box, 25th percentile; horizontal bar
within box, median; upper horizontal bar outside box, maximum; lower
horizontal bar outside box, minimum. (TIF 523 kb)

Additional file 2: Table S1. Results of the proportional hazards
assumption by a Schoenfeld residuals test. (DOCX 19 kb)

Additional file 3: Figure S2. Scaled Schoenfeld residuals for each
factor. The residual was estimated as the time-dependent coefficient beta
(t) vs. transformed time. The proportional hazards assumption of age was
violated (p < 0.001), but that of the other factors was fitted (p > 0.05)
(Additional file 2: Table S1). a Age, b Older age, ¢ Sex, d DN, e NS, f CGN,
g IgAN, h Other or unknown, i Smoking history, j DM, k Dyslipidemia, |
CVD, m IHD, n CHF, o Stroke, p PAD, g RASI, r Statin, s Warfarin, t Anti-
platelet agents, u Radiocephalic, v Brachiocephalic (ZIP 1081 kb)

Abbreviations

AVF: Arteriovenous fistula; CHF: Congestive heart failure; CKD: Chronic kidney
disease; CVD: Cardiovascular disease; DAPT: Dual antiplatelet therapy;

DM: Diabetes mellitus; DN: Diabetic nephropathy; HD: Hemodialysis;

IHD: Ischemic heart disease; JSDT: Japanese Society for Dialysis Therapy;
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PAD: Peripheral artery disease; RAAS: Rennin—angiotensin—aldosterone
system; VA: Vascular access; VAF: Vascular access failure; VAIVT: Vascular
access intervention therapy
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