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Abstract
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
analyze risk factors for VAF after VAIVT.
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
after VAIVT.
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 continuation, 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 treatment 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 resolving 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 during 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 abnormalities: (i) decreased blood flow, (ii) increased venous
pressure, (iii) an abnormally high blood urea nitrogen
level, and (iv) unexplained reduction in dialysis efficiency [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 analysis (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 VAF, or at least
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one successfully performed dialysis session. According to
the JSDT guidelines, VAF was defined as HD discontinuation because of stenosis or acute thrombus occlusion [1].
Patients who continuously received any of the antiplatelet agents, such as aspirin, clopidogrel, and cilostazol, before VAIVT were categorized in the antiplatelet group,
whereas those who did not receive any antiplatelet agent
were categorized in the non-antiplatelet group. The antiplatelet group was further divided into two groups according 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 examine 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 ultrasound guidance using a diagnostic Noblus ultrasound
scanner (Hitachi Healthcare, Tokyo, Japan). All procedures 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 ranging 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,

Fig. 1 The flowchart of the enrolled patients. Antiplatelet agents included aspirin, clopidogrel, and cilostazol
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Table 1 Baseline clinical characteristics (Continued)

Characteristic

Characteristic

Number

59

Age

71 (63–79)

Older age (%)

49.2

Sex (male, %)

76.3

Etiology of ESRD (%)

VAF (%)
Stenosis/thrombosis

15.3/84.7

Adverse event (%)
Serious bleeding event
Intracranial

0

Gastrointestinal

0

DN

40.7

NS

23.7

CGN

15.3

IHD

11.9

ADPKD

1.7

CHF

5.1

IgAN

5.1

Stroke

1.7

Other or unknown

13.6

Smoking history (%)

64.4

DM (%)

57.6

Dyslipidemia (%)

57.6

Major CVD (%)

54.2

IHD

35.6

CHF

13.6

Stroke

8.5

PAD (%)

13.6

RASI (%)

52.5

Statin (%)

49.1

Antiplatelet agents (%)

52.5

Aspirin

47.5

Clopidogrel

23.7

Cilostazol

1.7

DAPT

20.3

Warfarin (%)

8.4

ESA
Epoetin α or β (IU/week)

3204.5 ± 2326.0

Darbepoetin α (μg/week)

40.4 ± 41.2

CERA (μg/2 week)

62.5 ± 17.7

Hb (g/dl)

10.4 ± 1.4

Platelet (× 103/μl)

18.9 ± 6.7

PT-INR

1.0 ± 0.4

CRP (mg/dl)

0.7 ± 1.4

Dialysis duration (month)

28.6 ± 30.9

AVF anastomosis type (%)
Radiocephalic

81.4

Brachiocephalic

16.9

Radiobasilic

1.7

Quantity of blood flow (ml/min)

192.3 ± 33.6

Flow volume (ml/min)
Before VAIVT

418.7 ± 362.5

After VAIVT

843.3 ± 723.2

CVD event after VAIVT

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,
DAPT dual antiplatelet therapy, ESA erythropoiesis-stimulating agent, CERA
continuous erythropoietin receptor activator, AVF arteriovenous fistula, VAIVT
vascular access intervention therapy, VAF vascular access failure

including age, sex, medical history, and etiology of
chronic kidney disease G5D (CKDG5D), were compared
using Pearson’s chi-squared or Fisher’s exact test. Significance of associations among categorical variables was
assessed using the chi-squared test and Spearman’s rank
correlation coefficient, and, to evaluate the relative risk
to VA patency after VAIVT, univariate and multivariate
Cox regression analyses were performed; results were reported as hazard ratios and 95% confidence intervals.
Before performing Cox regression analysis, we tested the
proportional hazards assumption using the Schoenfeld
residual test. Covariates assessed in univariate analyses
included the older age; sex; prevalence of smoking history; prevalence of diabetes mellitus (DM); prevalence of
diabetic nephropathy (DN); cardiovascular disease
(CVD); dyslipidemia; peripheral artery disease (PAD);
medications, including renin–angiotensin–aldosterone
system (RAAS) inhibitors, statins, and antiplatelet
agents; and arteriovenous fistula (AVF) anastomosis
type. According to the Japan Atherosclerosis Society
2012 guidelines, dyslipidemia was defined as low-density
lipoprotein cholesterol level ≥ 140 mg/dl, high-density
lipoprotein cholesterol level < 40 mg/dl, or triglyceride
level ≥ 150 mg/dl [18]. Dyslipidemia also included patients who received statin or ezetimibe. The primary patency rate after VAIVT was analyzed using the Kaplan–
Meier test; patency curves were compared using the
log-rank and Wilcoxon tests.
Statistical significance was defined as a p value < 0.05.
Statistical analyses were performed using JMP® software
(version 8.0; SAS Institute, Cary, NC, USA) or EZR software (version 1.37; Saitama Medical Center, Jichi Medical 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 duration of dialysis was approximately 28.6 months. The
most common AVF type was radiocephalic fistula (n =
48), followed by brachiocephalic (n = 10) and radiobasilic (n = 1) fistula. The median flow volume before
VAIVT was 418.7 ml/min. More than half of the patients received any of antiplatelet agents; aspirin, clopidogrel, 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 observation 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 nonantiplatelet 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. Adverse events were similar between the two study groups.
There were no serious bleeding events, such as intracranial or gastrointestinal hemorrhage, and no significant differences in CVD events occurred during the follow-up
period.

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 associated with VAF. Conversely, the older age, sex, DN, DM,
dyslipidemia, CVD, PAD, smoking history, or AVF anastomosis 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

Mizuno et al. Renal Replacement Therapy

(2018) 4:43

Page 5 of 9

Table 2 Clinical characteristics of patients who did or did not receive antiplatelet agents
Antiplatelet group

Non-antiplatelet group

Number

31

28

p value

Age

73 (68–78)

71 (58.5–80)

0.27

Older age (%)

54.8

42.9

0.44

Sex (male, %)

80.7

64.3

0.22

DN

48.4

32.1

0.20

NS

25.8

21.4

0.69

CGN

9.7

21.4

0.21

ADPKD

3.2

0

0.34

IgAN

6.5

3.6

0.62

Other or unknown

Etiology of ESRD (%)

6.5

21.4

0.093

Smoking history (%)

80.7

46.4

0.008

DM (%)

61.3

53.6

0.60

Dyslipidemia (%)

74.2

39.3

0.009

CVD (%)

80.7

25.0

< 0.001

IHD

58.1

10.7

< 0.001

CHF

16.1

10.7

0.54

Stroke

22.6

0

0.007

PAD (%)

22.6

3.6

0.55

RASI (%)

45.2

60.7

0.30

Statin (%)

29.0

75.0

< 0.001

Warfarin (%)

6.5

10.7

0.67

Epoetin α or β (IU/week)

3750.0 ± 1068.5

2750.0 ± 975.4

0.51

Darbepoetin α (μg/week)

33.1 ± 9.7

47.4 ± 9.4

0.29

CERA (μg/2 week)

50

75

–

ESA

Hb (g/dl)

10.6 ± 0.3

10.1 ± 0.29

0.28

Platelet (× 103/μl)

19.8 ± 1.2

17.9 ± 1.3

0.28

PT-INR

1.0 ± 0.1

1.1 ± 0.1

0.50

CRP (mg/dl)

0.6 ± 0.3

0.8 ± 0.3

0.71

Dialysis duration (month)

31.8 ± 33.2

20.8 ± 27.0

0.42

Radiocephalic

71.0

92.9

0.031

Brachiocephalic

25.8

7.1

0.056

AVF anastomosis type (%)

Radiobasilic

3.2

0

0.34

194.1 ± 6.5

190 ± 7.6

0.69

Before VAIVT

461.8 ± 86.1

373.1 ± 88.5

0.47

After VAIVT

816.2 ± 172.9

872.1 ± 177.9

0.82

19.4

10.7

0.48

0

0

–

Quantity of blood flow (ml/min)
Flow volume (ml/min)

VAF
Thrombosis (%)
Adverse event (%)
Serious bleeding event
Intracranial
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Table 2 Clinical characteristics of patients who did or did not receive antiplatelet agents (Continued)
Antiplatelet group

Non-antiplatelet group

p value

0

0

–

IHD

19.4

3.6

0.061

CHF

6.5

3.6

0.62

Stroke

3.2

0

0.34

Gastrointestinal
CVD event after VAIVT

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

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 patients treated with antiplatelet agents than in those not
treated with an antiplatelet agent. The frequency of bleeding 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,

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% CI

p value

Older age

0.78

0.35–1.65

0.52

Sex (male)

1.95

0.75–6.64

0.18

DN

1.30

0.61–2.74

0.50

NS

0.58

0.17–1.50

0.28

CGN

0.96

0.32–2.34

0.94

ADPKD

–

–

–

IgAN

0.81

0.20–4.15

0.78

Other or unknown

1.13

0.27–3.23

0.85

0.83

0.38–1.92

0.64

Etiology of ESRD

Smoking history
DM

1.95

0.87–4.95

0.11

Dyslipidemia

1.46

0.69–3.31

0.33

CVD

0.75

0.35–1.58

0.45

IHD

0.74

0.22–1.93

0.57

CHF

1.25

0.20–4.20

0.77

Stroke

0.27

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

1.41

0.67–3.10

0.37

Warfarin

0.61

0.10–2.03

0.46

Antiplatelet agents

0.45

0.21–0.95

0.036

Radiocephalic

3.22

0.96–20.0

0.060

Brachiocephalic

0.36

0.06–1.21

0.11

AVF anastomosis type (%)

We defined individuals aged > 71 years as “the older age”
VA vascular access, VAIVT vascular access intervention therapy, HR hazard ratio,
CI 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% CI

p value

Antiplatelet agents

0.28

0.09–0.82

0.020

Older age

0.95

0.38–2.29

0.91

Sex (male)

2.14

0.75–7.67

0.16

Dyslipidemia

1.89

0.81–4.69

0.14

CVD

1.29

0.51–3.37

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,
CI confidence interval, CVD cardiovascular disease

including those resulting from thrombosis [4, 30–33].
For example, a randomized control study showed that
VAF risk after arteriovenous graft construction was reduced 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 review 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; I2 = 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 antiplatelet agents are useful for VA patency after VAIVT.
Based on a previous study [34], we excluded patients
with VA construction within 180 days before intervention because our study aim was to examine the effect of
antiplatelet agents on secondary patency and not primary 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
TGF-b1 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 onset or progression of vascular disease after invasive treatment for major CVD and PAD [44–51]. In addition, our
results are consistent with those of a recent systematic review showing that antiplatelet agents reduced VAF incidence in AVFs [32].
In the present study, there were no serious bleeding
events related to antiplatelet agent treatment; this finding 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 metabolism 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. However, 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 retrospective 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 antiplatelet group. Although there might be selection bias such as
technical problem and selection bias involving surgeon
skill, AVF anastomosis type was not significantly associated 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 selection bias.
In Japan, antiplatelet therapy for the treatment or prevention 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 antiplatelet agents was associated with a reduced VAF rate after
VAIVT and that there was no significant difference in serious 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, interventional nephrologists, believe that some vascular access
failure pathology may be implicated in platelet and inflammation, but there is little existing evidence. Therefore, progress of research in this field is expected in future.
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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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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, c Sex, d DN, e NS, f CGN,
g IgAN, h Other or unknown, i Smoking history, j DM, k Dyslipidemia, l
CVD, m IHD, n CHF, o Stroke, p PAD, q RASI, r Statin, s Warfarin, t Antiplatelet 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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