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Abstract 

Background: The objective of this multicenter, prospective observational study was to determine the factors 

related to patency rates after construction of vascular access (VA) and the first percutaneous transluminal 

angioplasty (PTA). 

Methods: The 24-month primary and secondary patency rates after construction of a radiocephalic 

arteriovenous fistula (RC-AVF) and arteriovenous graft (AVG) were evaluated using the Kaplan–Meier method 

and log-rank test. The 12-month post-PTA patency rate was also investigated. A Cox proportional hazard model 

was used to identify clinical parameters associated with the primary patency rate and the post-PTA patency 

rate.  

Results: A total of 611 patients were enrolled in the study. The primary patency rate after VA construction was 

lower in hemodialysis (HD) patients with an AVG than in those with an AVF. Aging (hazard ratio [HR], 1.02 per 

1 year; P<0.001), female sex (HR, 1.41; P=0.03), diabetes mellitus (HR, 1.37; P=0.03), low serum albumin 

(HR, 0.76 per 1-g/dL decrease; P=0.02), and use of an erythropoietin-stimulating agent (HR, 1.62; P=0.02) 

were risk factors for VA problems. The post-PTA patency rate was associated with aging (HR, 1.02; P<0.001), 

diabetes mellitus (HR, 1.49; P=0.02), polycystic kidney disease (HR, 2.14; P=0.01), temporary catheter use 

for initiation of HD (HR, 1.60; P=0.02), and period from VA construction to use (HR, 0.99; P=0.04). 

Conclusion: Although a poor patency rate is commonly associated with advanced age and diabetes, different 

risk factors affect patency between VA construction and the first PTA. 
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Introduction 

The number of patients undergoing dialysis has been 

increasing worldwide each year and is considered a 

global health concern.1 In Japan, the number of 

patients undergoing dialysis reached 339,841 at the 

end of 2018, with the majority of these patients 

receiving hemodialysis (HD).2 HD patients are known 

to suffer from various complications such as 

cardiovascular disease (CVD) and infections.3, 4 The 



most frequent complication in HD patients is vascular 

access (VA) problems, including stenosis, thrombosis, 

aneurysm, and infection.5, 6 In fact, the medical 

expenses for VA-related complications is estimated at 

JPY 10,953,310,000/year.7 Therefore, recognition of 

risk factors for VA failure is needed not only to improve 

the quality of life of patients undergoing HD but also to 

reduce medical expenditure. 

Several types of VA, including arteriovenous fistula 

(AVF), arteriovenous graft (AVG), superficial 

arterialization, and long-term indwelling catheters, are 

currently used in the clinical setting. According to 

several observational studies, radiocephalic-AVF (RC-

AVF) is associated with fewer VA-related 

complications,8, 9 a higher patency rate, and a better 

lifetime prognoses than the other types of VA.10 These 

findings led to “the fistula-first policy”, which states that 

RC-AVF should be the first VA technique considered 

for the forearm.11, 12 Recently, with the increasing 

numbers of patients with advanced age and diabetes 

mellitus (DM) it has become difficult in some cases to 

perform surgery to construct a RC-AVF.13 In such 

patients, an AVG is constructed prior to the RC-AVF,14, 

15 raising the possibility that this clinical background 

may result in a higher patency rate of the RC-AVF. 

However, the actual effects of the VA types and 

background factors on the patency rate remain unclear. 

Among the VA problems, venous stenosis is 

reportedly the most common cause of VA 

dysfunction,16, 17 with guidelines recommending 

percutaneous transluminal angioplasty (PTA) as the 

first-line therapy.18 However, previous studies have 

shown that the 12-month post-PTA patency rate of the 

AVF is approximately 50%,19, 20 and therefore repeated 

PTA is required to maintain VA. Physiological findings, 

such as those obtained by auscultation and palpation, 

have been used in the clinical setting for screening of 

VA stenosis.21 Recently, to determine the need for PTA, 

ultrasound examination has been performed to 

evaluate not only morphological changes but also VA 

function in patients who may have a stenosis.18 

Therefore, the current status of the post-PTA patency 

rate and the risk factors for restenosis need to be 

determined by a large registry study. 

 The current multicenter, prospective, observational 

study enrolled 611 patients who had started HD and 

investigated the primary and secondary patency rates 

after construction of a RC-AVF and AVG. The clinical 

factors that affected the primary and  post-PTA 

patency rates were also determined. In addition, the 

study examined the post-PTA patency rate and the 

clinical factors that contributed to the development of 

restenosis. 

 

Materials and Methods  

Patient population  

Of the patients who started HD between 1 April, 2012 

and 31 March, 2018 at 19 facilities in Hiroshima 

(Supplemental Table 1), we enrolled those who 

underwent construction of a RC-AVF or AVG to start 

maintenance HD and followed them until the end of 

December 2018. Patients with either a brachiocephalic 

AVF, long-term indwelling catheter, or superficial 

arterialization and those who had died or been 

transferred to another facility within 3 months after 

starting HD were excluded from enrollment. Because 

the study investigated the patency rate after VA 

construction for starting HD, patients who underwent 

PTA prior to starting HD were also excluded. Similarly, 

because the patency rate in cases with a history of AVF 

construction before an AVG may not be a precise 

assessment of patency of the graft, patients who 

underwent AVG construction for maturation failure 

prior to starting dialysis were also excluded. We 

provided the study information on a poster and gave 

the patients the opportunity to withdraw from the study. 

The ethics committee of Hiroshima University Hospital 

approved the study protocol (approval number: H-457) 

and the study was performed in accordance with the 

Declaration of Helsinki.  

 

Study design 

The study was a multicenter, prospective, 

observational design. The patients’ baseline blood 



parameters were measured immediately before the 

start of dialysis on the day of initiation of dialysis. CVDs 

included cerebrovascular disease, ischemic heart 

disease, and peripheral arterial disease. Valvular 

disease was defined as more than moderate valvular 

disease. Maturation failure was defined as the 

requirement for VA repair because of insufficient blood 

flow before starting HD. Patients with maturation 

failure underwent surgical reconstruction and were 

followed up regarding the VA used for the start of HD. 

The need for PTA was judged in accordance with the 

2011 update Japanese Society for Dialysis Therapy 

Guidelines of Vascular Access Construction and 

Repair for Chronic Hemodialysis,18 and PTA was 

performed at each facility. Briefly, the indication for PTA 

was a stenosis rate of  50%, with stenosis leading to 

abnormal physical findings, such as low blood flow, 

aneurysm formation, elevated venous pressure, 

abnormally high blood urea nitrogen concentration or 

increased recirculation rate, and an unpredictable low 

dialysis volume. Primary patency was defined as the 

period from VA construction to PTA or surgical revision 

within 24 months, while secondary patency was 

defined as the period from VA construction to the date 

of VA abandonment. The post-PTA patency rate was 

defined as the period from the first PTA to the next PTA 

or surgical revision within 12 months. The observation 

periods were determined according to the reported 24-

month primary patency rates of the AVF and AVG 

between 34–51% and 13–20% respectively,19, 22-24 the 

24-month secondary patency rates of the AVF and 

AVG between 54–64% and 33–48% respectively,22, 24, 

25 and the 12-month post-PTA patency rates of the AVF 

approximately 50%.19, 20, 26 The respective patency 

rates were investigated in the RC-AVF and AVG 

groups. 

 

Statistical analysis 

The study parameters were analyzed using the 

Shapiro–Wilk test to confirm whether or not they had a 

normal distribution. Normally distributed data were 

expressed as mean ± standard deviation and variables 

with a parametric distribution as median (25th-75th 

percentile). The 24-month primary patency rates of 

RC-AVF and AVG were compared by the Kaplan–

Meier method and the log-rank test. Similarly, the 24-

month secondary patency rate after VA construction 

and the 12-month post-PTA patency rates were 

compared between VA types using the Kaplan–Meier 

method and the log-rank test. A Cox proportional 

hazard analysis was performed to identify the variables 

associated with each patency rate. First, a univariate 

regression analysis was performed for the parameters 

shown in Table 1 and those with a P value of <0.1 were 

then included in a multivariate analysis. Statistical 

significance was set at the level of P<0.05. The 

analyses were performed using SPSS software 

version 25.0 (IBM Corp., Armonk, NY, USA). 

 

Results 

Patients 

The baseline characteristics of the patients with or 

without a need for PTA or surgical reconstruction are 

shown in Table 1. A total of 611 patients were enrolled 

in the study and the number of patients who started HD 

and underwent maintenance HD at each facility are 

shown in Supplemental Table 1. The variables that 

were significantly different between the groups were 

age (P<0.001), RC-AVF (P=0.04), AVG (P=0.04), 

period from VA construction to use (P<0.001), and 

serum albumin level (P<0.001). The characteristics of 

the patients with or without restenosis after PTA are 

summarized in Table 2. Significant differences 

between these two groups were observed for the 

incidence of polycystic kidney disease (PKD) as the 

primary disease (P=0.02), other disease as the primary 

disease (P=0.001), and temporary catheter use for the 

initiation of HD (P=0.02). 

 

Primary patency after VA construction 

The 24-month primary patency rates after VA 

construction in the two groups were compared using 

the Kaplan–Meier method and log-rank test (Figure 

1A). After initiation of HD, 262 of the 611 patients  

  



Table 1. Characteristics of patients with or without a need for PTA or surgical reconstruction  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Data are expressed as n (%), mean ± standard deviation, or median (interquartile range).  
The patency group did not need PTA or surgical reconstruction, while non-patency group did require these interventions. 
PTA, percutaneous transluminal angioplasty; VA, vascular access; RC-AVF, radiocephalic arteriovenous fistula; AVG, arteriovenous graft; Hb, 
hemoglobin; ESA, erythropoietin-stimulating agent.  

 

(42.9%) required PTA or surgical reconstruction within 

24 months. The Kaplan–Meier curve revealed that the 

primary patency rate in the RC-AVF group was better 

than that in the AVG group (54.5% and 25.1%, 

respectively; P=0.01). The sites of stenosis are shown 

in Supplemental Table 2. The most frequent position in 

the RC-AVF group was anastomosis (39.2%), with 

juxta-anastomosis (26.0%) being the second most 

frequent. In the AVG group, most stenoses were 

observed at the venous-side anastomosis of the graft 

(60.0%) 

 

Clinical factors associated with the primary patency 

rate after VA construction 

A Cox proportional hazard model was used to assess 

the association between clinical factors and the 

primary patency rate after VA construction. The 

 Overall 
With a need for PTA or 

surgical reconstruction 

Without a need for PTA or 

surgical reconstruction 
P value 

 (n = 611) (n = 262) (n = 349)  

Age, yr 70 (62–78) 73 (65–80) 68 (60–77) <0.001 

Sex, female 210 (34.4) 100 (38.2) 110 (31.5) 0.09 

Primary disease requiring dialysis     

  Diabetes mellitus 294 (48.1) 136 (51.9) 158 (45.3) 0.11 

  Renal sclerosis 142 (23.2) 55 (21.0) 87 (25.0) 0.26 

  Chronic glomerulonephritis 56 (9.2) 21 (8.0) 35 (10.0) 0.39 

  Polycystic kidney disease 25 (4.1) 12 (4.6) 13 (3.7) 0.60 

  Others 94 (15.4) 38 (14.5) 56 (16.0) 0.60 

Complications     

  Cardiovascular disease 201 (32.9) 90 (34.4) 111 (31.8) 0.53 

  Atrial fibrillation 24 (3.9) 9 (3.4) 15 (4.3) 0.59 

  Valvular disease 85 (13.9) 43 (16.4) 42 (12.0) 0.06 

VA forms     

  RC-AVF 593 (97.1) 250 (95.4) 343 (98.3) 0.04 

  AVG 18 (2.9) 12 (4.6) 6 (1.7) 0.04 

Maturation failure of the VA 26 (4.3) 15 (5.7) 11 (3.2) 0.18 

Period from VA construction to use, d 24 (3–104) 18 (2–70) 32 (3–133) <0.001 

Dialysis initiated using a temporary catheter 156 (25.5) 68 (26.0) 88 (25.2) 0.84 

Hb, g/dL 9.2 ± 1.5 9.3 ± 1.4 9.2 ± 1.6 0.16 

Albumin, g/dL 3.3 (2.8–3.6) 3.1 (2.7–3.5) 3.3 (2.9–3.7) <0.001 

Previous medication     

  Anticoagulant 55 (9.0) 28 (10.7) 27 (7.7) 0.22 

  Antiplatelet 176 (28.8) 73 (27.9) 103 (29.5) 0.63 

  ESA  508 (83.1) 211 (80.5) 297 (85.1) 0.12 

Figure 1A. Comparison of 24-month primary patency rates between 
RC-AVF and AVG 
Comparison between the two groups was carried out using the 
Kaplan–Meier method and log-rank test. The black line indicates the 
RC-AVF group and the grey line indicates the AVG group. There was 
a significant difference between the RC-AVF and AVG groups 
(P=0.001). The numbers at the bottom of the figure indicate the 
number of patients with maintained patency. 
RC-AVF, radiocephalic arteriovenous fistula; AVG, arteriovenous graft. 



Table 2. Characteristics of patients with or without restenosis after PTA 
 

 
Data are expressed as n (%), mean ± standard deviation, or median (interquartile range).  
PTA, percutaneous transluminal angioplasty; VA, vascular access; RC-AVF, radiocephalic arteriovenous fistula; AVG, arteriovenous graft; Hb, 
hemoglobin; ESA, erythropoietin-stimulating agent. 

 

presence of valvular disease, maturation failure of the 

VA, and RC-AVF were selected as candidate 

confounding variables from the univariate analysis, 

although no significant association for these three 

parameters was observed in the multivariate analysis 

(P=0.16, P=0.39, and P=0.52, respectively). In patients 

with maturation failure of the VA, surgical 

reconstruction was performed via an anastomosis to 

the central side in 27 cases and creation of an AVF in 

the contralateral arm in 1 case (Supplemental Table 3). 

Aging (hazard ratio [HR], 1.02 per 1 year; P<0.001), 

female sex (HR, 1.41; P=0.03), DM (HR, 1.37; P=0.03), 

serum albumin level (HR, 0.76 per 1-g/dL decrease; 

P=0.02), and use of an erythropoietin-stimulating 

agent (ESA) (HR, 1.62; P=0.02) were associated with 

the primary patency rate (Table 3). 

 

Secondary patency after VA construction 

 

Table 3. Clinical factors associated with the 24-month primary patency 
rate 

 
HR, hazard ratio; CI, confidence interval; VA, vascular access; RC-AVF, 
radiocephalic arteriovenous fistula. 

 

The 24-month secondary patency rate after VA 

construction is shown in Figure 1B. Reconstructive 

surgery was required in 50 of the 611 patients (8.2%) 

within 24 months after starting HD. The patency rate in 

the RC-AVF group was higher than that in the AVG 

group (91.6% and 70.3%, respectively; P<0.001). The 

reasons for the reduction in the secondary patency rate 

are shown in Table 4. The most frequent reason for 

 Overall With restenosis Without restenosis P value 

 (n = 304) (n = 175) (n = 129)  

Age, yr 72 (64–80) 73 (65–80) 72 (62–79) 0.06 

Sex, female 117 (38.5) 69 (39.4) 48 (37.2) 0.70 

Primary disease requiring dialysis     

  Diabetes mellitus 150 (49.3) 94 (53.7) 56 (43.4) 0.08 

  Renal sclerosis 65 (21.4) 38 (21.7) 27 (20.9) 0.87 

  Chronic glomerulonephritis 30 (9.9) 15 (8.6) 15 (11.6) 0.38 

  Polycystic kidney disease 15 (4.9) 13 (7.4) 2 (1.6) 0.02 

  Others 44 (14.5) 15 (8.6) 29 (22.5) 0.001 

Complications     

  Cardiovascular disease 98 (32.2) 55 (31.4) 43 (33.3) 0.61 

  Atrial fibrillation 15 (4.9) 7 (4.0) 8 (6.2) 0.38 

  Valvular disease 45 (14.8) 30 (17.1) 15 (11.6) 0.26 

VA forms     

  RC-AVF 292 (96.1) 166 (94.9) 126 (97.7) 0.15 

  AVG 12 (3.9) 9 (5.1) 3 (2.3) 0.21 

Maturation failure of the VA 15 (4.8) 8 (4.6) 4 (3.1) 0.52 

Period from VA construction to use, d 20 (1–97) 20 (5–70) 23 (1–109) 0.06 

Dialysis initiated using a temporary catheter 80 (26.3) 37 (21.1) 43 (33.3) 0.02 

Hb, g/dL 9.3 ± 1.5 9.3 ± 1.3 9.3 ± 1.8 0.81 

Albumin, g/dL 3.2 (2.7–3.5) 3.2 (2.7–3.5) 3.3 (2.7–3.6) 0.70 

Previous medication     

  Anticoagulant 33 (10.9) 20 (11.4) 13 (10.0) 0.70 

  Antiplatelet 84 (27.6) 53 (30.3) 31 (24.0) 0.22 

  ESA 249 (81.9) 146 (83.4) 103 (79.8) 0.42 

  HR 95%CI P value 

Age, 1 yr 1.02 1.01–1.04 <0.001 

Sex, female 1.41 1.04–1.89 0.03 

Diabetes mellitus, presence 1.37 1.03–1.83 0.03 

Valvular disease, presence 0.78 0.55–1.10 0.16 

Maturation failure of the VA, 
presence  

1.31 0.71–2.41 0.39 

VA form, RC-AVF 0.79 0.37–1.66 0.52 

Albumin, per 1-g/dL decrease 0.76 0.60–0.97 0.02 

Erythropoietin-stimulating 
agent, use 

1.62 1.09–2.40 0.02 



surgical reconstruction was stenosis in all groups. The 

cases that required surgical reconstruction were those 

in which PTA did not effectively improve VA function. 

These included cases in which restenosis occurred 

within a short period after PTA, and cases of stenosis 

which were resistant to PTA. 

 

 

Table 4. Reasons for surgical reconstruction of VA 

 
Data are expressed as n (%).  
RC-AVF, radiocephalic arteriovenous fistula; AVG, arteriovenous graft. 

 

Post-PTA patency rate 

Of the 304 patients who underwent PTA after starting 

HD, 286 completed the follow-up, with restenosis 

observed in 175 of the 286 patients (61.2%) during the 

period of observation (Figure 1C). A total of 33 patients 

were censored due to hospital transfer (7 patients), 

death (10 patients), observation period < 12 months 

(15 patients), and taken off dialysis (1 patient). There 

was no significant difference in the patency rates after 

PTA between the two groups. Multivariate regression 

analyses showed that the following clinical factors 

were associated with the 12-month post-PTA patency 

rate: aging (HR, 1.02; P<0.001), DM (HR, 1.49; 

P=0.02), PKD (HR, 2.14; P=0.01), temporary catheter 

use for initiation of HD (HR, 1.60; P=0.02), and the 

period from VA construction to use (HR, 0.99; P=0.04) 

(Table 5). Supplemental Table 4 shows the 

characteristics of the PKD patients with or without 

restenosis after PTA. Age (P=0.04) and hemoglobin 

(Hb) level (P=0.002) were significantly different in the 

two groups.  

 

 
Table 5. Multivariate regression analyses of factors associated with the 
12-month post-PTA patency rate 
 HR 95%CI P value 

Age, 1 yr 1.02 1.01–1.04 <0.001 

Diabetes mellitus, presence 1.49 1.08–2.06 0.02 

Polycystic kidney disease, presence 2.14 1.17–3.92 0.01 

Dialysis initiated using a temporary 
catheter 

1.60 1.10–2.32 0.02 

Period from VA construction to use, 1 d 0.99 0.99–1.00 0.04 

 
HR, hazard ratio; CI, confidence interval; PTA, percutaneous 
transluminal angioplasty; VA, vascular access. 

 

Discussion 

This multicenter prospective observational study used 

a log-rank test that showed RC-AVF exhibited better 

24-month primary and secondary patency rates than 

AVG in patients who started HD. However, a Cox 

proportional hazard model demonstrated that aging, 

female sex, DM, low serum albumin, and use of ESA 

were associated with poor primary patency after VA 

construction, although the VA form was not associated 

with poor primary patency. In contrast, the log-rank test 

showed that the 12-month post-PTA patency rates 

 Overall RC-AVF AVG 
 (n = 50) (n = 45) (n = 5) 

Stenosis 46 (92.0) 41 (91.1) 5 (100.0) 

Aneurysms 3 (6.0) 3 (6.7) 0 (0.0) 

Excessive blood flow 1 (2.0) 1 (2.2) 0 (0.0) 

Figure 1B. Comparison of 24-month secondary patency rates 
between RC-AVF and AVG 
Comparison between the two groups was carried out using the 
Kaplan–Meier method and log-rank test. The black line indicates the 
RC-AVF group and the grey line indicates the AVG group. There was 
a significant difference between the RC-AVF and AVG groups 
(P<0.001). The numbers at the bottom of the figure indicate the 
number of patients with maintained patency. 
RC-AVF, radiocephalic arteriovenous fistula; AVG, arteriovenous graft. 

 

Figure 1C. Comparison of 12-month post-PTA patency rate among 
RC-AVF and AVG 
Comparison of the two groups was carried out using the Kaplan–Meier 
method and log-rank test. The black line indicates the RC-AVF group 
and the grey line indicates the AVG group. There was no significant 
difference between the two groups. The numbers at the bottom of the 
figure indicate the number of patients with maintained patency. 
PTA, percutaneous transluminal angioplasty; RC-AVF, radiocephalic 
arteriovenous fistula; AVG, arteriovenous graft. 



were not significantly different between the two VA 

forms. In the Cox proportional hazard model aging, DM, 

PKD, initiation of HD with the use of a temporary 

catheter, and a shorter period from VA construction to 

use were associated with poor patency after the first 

PTA. These findings suggest that with the exception of 

aging and DM, different risk factors contribute to the 

incidence of VA problems after surgical construction of 

VA and restenosis after PTA. 

   The median age of the patients in this study was 70 

years and about half were undergoing HD because of 

DM. These values are similar to the data of the 

Japanese Society for Dialysis Therapy in 2018 in which 

the patients’ median age was 69.99 years and 42.3% 

of patients had started dialysis due to DM.2 These 

findings indicate that our data reflect the current 

background of Japanese patients who start HD. In 

addition, we showed that the respective 24-month 

primary and secondary patency rates of RC-AVF after 

VA construction were 54.5% and 91.6%, whereas 

those of AVG were 25.1% and 70.3%. Previous studies 

from other countries have shown that the 24-month 

primary patency rates of AVF and AVG were 34–51% 

and 13–20%,19, 22-24 and that the 24-month secondary 

patency rates of AVF and AVG were 54–64% and 33–

48%, respectively.22, 24, 25 Therefore, the 24-month 

primary and secondary patency rates after VA 

construction in Japan are better than those in other 

countries. One possible reason for this is that 

Japanese patients undergo HD with lower blood flow,27 

which may enable the VA to be used for longer periods. 

Our study showed that the patency rates after VA 

construction between the two VA forms was not 

significantly different in the multivariate analysis, but 

did show a significant difference in the log-rank test. 

With respect to the post-PTA patency rate, although 

RC-AVF appeared to result in a better patency rate 

than that of AVG, the difference was not statistically 

significant in either the log-rank test or Cox 

proportional hazard model. A previous study reported 

that AVF exhibited a better patency rate after both VA 

construction and PTA than AVG.19, 22-25, 28 Notably, 

another study showed that the patency rate of AVF did 

not differ from that of AVG in advanced-age patients 

undergoing HD, especially those aged >65 years.29 In 

the present study, the median age of the patients was 

70 years, suggesting that rather than the VA form, the 

background of the patients may be more strongly 

associated with the patency rate. 

    We demonstrated that aging, female sex, DM, low 

serum albumin, and the use of ESA are risk factors for 

a reduction in the primary patency rate after VA 

construction. Of these risk factors, aging, DM, and low 

serum albumin may indicate the poor general condition 

of the patients. Regarding the effect of sex on VA 

patency, females reportedly have a smaller vascular 

diameter than that of males, thereby potentially 

increasing VA problems.30 In addition, it has been 

reported that ESA is associated with thrombosis and 

VA problems.31 In previous studies, aging, DM, a 

higher body mass index, smoking status, higher total 

cholesterol level, lower protein intake, peripheral artery 

disease, and taking antiplatelet agents were risk 

factors for VA dysfunction.32-35 Taken together these 

results indicate that VA patency might be improved if 

modifiable risk factors identified in the present study 

are well controlled. 

The current study also showed that in addition to 

aging and DM, the presence of PKD, the use of a 

temporary catheter, and the period from VA 

construction to use were associated with the 12-month 

post-PTA patency rate. Given that aging and DM were 

also associated significantly with the 24-month 

patency after VA construction, we assume a common 

pathway may exist that results in the progression of 

both dysfunction after VA construction and restenosis 

after PTA. Previous studies have reported that 

atherosclerosis is commonly associated with a decline 

in patency rates after both VA construction and PTA.36 

It is well recognized that the development of 

atherosclerosis is accelerated with aging and the 

presence of DM, suggesting that advanced 

atherosclerosis may contribute to poor patency rates 

after VA construction and PTA in elderly patients and 



those with DM. The use of a temporary catheter and 

the short period from VA construction to use suggests 

that patients need to start HD urgently. These patients 

may exhibit an acute decline in kidney function due to 

various reasons, such as sepsis, critical illness, 

circulatory shock, and nephrotoxic drugs,37 which may 

contribute to a decrease in the 12-month post-PTA 

patency rate. 

There is evidence from a previous study of an 

association between poor patency after PTA and 

PKD.38 In this regard, another earlier study suggested 

that higher Hb levels, aneurysmal dilatation, 

endothelial dysfunction, carotid intima-media thickness, 

arterial stiffness, oxidative stress, inflammation, and 

hypertension may contribute to the decline of post-PTA 

patency in PKD patients.39 In the present study, the Hb 

level and amount of ESA administered did not differ 

between patients with and without PKD (data not 

shown). In contrast, the Hb level in PKD patients with 

restenosis after PTA was significantly lower than that 

in patients without restenosis. A previous study 

reported that anemia predicts poor renal prognosis in 

PKD,40 raising the possibility that anemia may reflect 

the severity of PKD. Accordingly, anemia may predict 

the incidence of restenosis after PTA in HD patients 

with PKD. Regarding inflammation and hypertension, 

we did not observe a significant difference in C-

reactive protein levels or blood pressure between 

patients with or without restenosis. Another study also 

showed that patients with PKD had a narrow and 

atypical running direction of the cephalic vein.41 

Although the precise mechanism that accounts for the 

lower patency rate after PTA in patients with PKD 

cannot be clarified by a clinical study, it should be 

recognized that these patients are at risk of developing 

restenosis after PTA. 

   Interestingly, the present data demonstrated that a 

significant number of patients classified as having 

“other primary diseases” did not develop restenosis 

after PTA. This suggests that in contrast to DM and 

PKD, these patients have better PTA patency, 

although 94 patients another primary disease that 

included more than 20 diseases. Notably, 50 patients 

had an “unknown disease”, with the number of these 

patients almost equal to that of patients requiring HD 

due to chronic glomerulonephritis. Previous studies 

have reported that exposure to poison, alcohol 

consumption, and kidney injury developing in 

childhood are possible causes for chronic kidney 

disease (CKD) of unknown etiologies.42 Additionally, 

although the transition from acute kidney injury (AKI) 

to CKD is currently well-recognized as a major cause 

of end-stage kidney disease,43 renal dysfunction after 

AKI may be considered as an unknown etiology for 

initiation of HD. In any case, unknown primary disease 

was diagnosed when a physician did not identify an 

obvious systematic disease that had caused kidney 

dysfunction, and therefore the post-PTA patency rate 

may be better in HD patients who start HD due to CKD 

of unknown etiology. 

Our data showed that stenosis accounted for 

92.0% of VA problems. Previous studies have also 

shown that stenosis is the most common reason for VA 

dysfunction,16, 17 and that PTA plays an important role 

in the treatment of VA stenosis.44, 45 Pathologically, VA 

stenosis is characterized by neointimal hyperplasia, 

which is a common feature of both restenosis after VA 

construction and PTA.46-48 Various stimuli, such as 

uremia, wall shear stress caused by increased blood 

flow and pressure, hypoxia, and inflammation, are 

implicated in this process after VA construction, while 

balloon dilation-induced vascular injury is the main 

cause of restenosis after PTA.46, 49 These findings 

suggest that the presence or absence of procedure-

induced stimulation may cause differences in the risk 

factors that influence the patency rates after VA 

construction and that after PTA. 

   The main strengths of this study were its 

multicenter, prospective design, large number of 

clinical samples, and inclusion of only patients who had 

started HD. However, the study also had some 

limitations. First, because of the “AVF-first policy”, the 

imbalances in the number and characteristics of 

patients in the groups should be taken into account. 



Second, the skill of the clinicians performing the VA 

constructions may have influenced the choice of VA 

form as well as the patency rate, while operator bias 

may have also occurred in the selection of PTA. Third, 

the study protocol did not standardize aspects of the 

PTA procedure, such as balloon selection, dilatation 

pressure, and inflation time. Finally, although we 

excluded patients who died within 3 months after 

starting HD, some patients might have been in a poor 

general condition. Despite these limitations we 

contend that the resulting data reflect the actual clinical 

practice of VA management. 

In summary, we performed an observational study 

to clarify the factors related to VA patency in patients 

who started HD and showed a significant difference 

between the 24-month patency rates of RC-AVF and 

AVG after VA construction. A Cox proportional hazard 

model showed that aging, female sex, DM, low serum 

albumin, and use of ESA were clinical factors 

associated with a reduction in primary patency. 

Conversely, the 12-month post-PTA patency rates 

were not significantly different between the two VA 

forms. Interestingly, aging and DM were both 

associated with the patency rate after VA construction 

and PTA, although other factors, such as the presence 

of PKD, HD induction with the use of a temporary 

catheter, and a shorter period from VA construction to 

use, were different from the risk factors after VA 

construction. These findings suggest that older 

patients and those with DM are more likely to 

experience VA problems after both VA construction and 

PTA and that different risk factors should be taken into 

account when managing patients undergoing HD after 

VA construction and PTA. Understanding the risk 

factors that contribute to VA problems may lead to 

better surveillance and focused care in high-risk 

patients, resulting in more effective management of VA. 

 

Acknowledgements 

Clinical Trial Protocol number: University Hospital 

Medical Information Network (UMIN) UMIN000007655 

Approval number of the ethics committee of Hiroshima 

University Hospital: H-457 

 

Declaration of conflicting interests 

The authors declare no potential conflicts of interest 

with respect to the research, authorship, and/or 

publication of this article. 

 

References 

1. Thomas B, Wulf S, Bikbov B, et al. 

Maintenance Dialysis Throughout the World in 

Years 1990 and 2010. J Am Soc Nephrol 2015; 

26: 2621-2633. 

2. Nitta K, Masakane S, Hanafusa N, et al. 2018 

Annual Dialysis Data Report, JSDT Renal Data 

Registry. J Jpn Soc Dial Ther 2019; 52: 679-

754. 

3. House AA, Wanner C, Sarnak MJ, et al. Heart 

Failure in Chronic Kidney Disease: 

Conclusions from a Kidney Disease: Improving 

Global Outcomes (KDIGO) Controversies 

Conference. Kidney Int 2019; 95: 1304-1317. 

4. Dalrymple LS, Johansen KL, Chertow GM, et 

al. Infection-Related Hospitalizations in Older 

Patients with ESRD. Am J Kidney Dis 2010; 

56: 522-530. 

5. Salahi H, Fazelzadeh A, Mehdizadeh A, et al. 

Complications of Arteriovenous Fistula in 

Dialysis Patients. Transplant Proc 2006; 38: 

1261-1264. 

6. Al-Jaishi AA, Liu AR, Lok CE, et al. 

Complications of the Arteriovenous Fistula: A 

Systematic Review. J Am Soc Nephrol 2017; 

28: 1839-1850. 

7. Takemoto Y, Naganuma, T. The Economic 

Issue of Vascular Access within the Japanese 

Medical Reimbursement System. J Vasc 

Access 2015; 16 Suppl 10: S9-12. 

8. Ravani P, Gillespie BW, Quinn RR, et al. 

Temporal Risk Profile for Infectious and 

Noninfectious Complications of Hemodialysis 

Access. J Am Soc Nephrol 2013; 24: 1668-

1677. 



9. Ravani P, Quinn R, Oliver M, et al. Examining 

the Association between Hemodialysis Access 

Type and Mortality: The Role of Access 

Complications. Clin J Am Soc Nephrol 2017; 

12: 955-964. 

10. Ravani P, Palmer SC, Oliver MJ, et al. 

Associations between Hemodialysis Access 

Type and Clinical Outcomes: A Systematic 

Review. J Am Soc Nephrol 2013; 24: 465-473. 

11. National Kidney Foundation. III. NKF-K/DOQI 

Clinical Practice Guidelines for Vascular 

Access: Update 2000. Am J Kidney Dis 2001; 

37: S137-181. 

12. Lok CE. Fistula First Initiative: Advantages and 

Pitfalls. Clin J Am Soc Nephrol 2007; 2: 1043-

1053. 

13. Hod T, Desilva RN, Patibandla BK, et al. 

Factors Predicting Failure of AV "fistula first" 

Policy in the Elderly. Hemodial Int 2014; 18: 

507-515. 

14. Baktiroglu S, Yanar F, Ozturk A. 

Brachiocephalic and Basilic Fistula. J Vasc 

Access 2015; 16 Suppl 9: S29-33. 

15. Lee T, Thamer M, Zhang Q, et al. Vascular 

Access Type and Clinical Outcomes among 

Elderly Patients on Hemodialysis. Clin J Am 

Soc Nephrol 2017; 12: 1823-1830. 

16. Mickley V. Stenosis and Thrombosis in 

Haemodialysis Fistulae and Grafts: The 

Surgeon's Point of View. Nephrol Dial 

Transplant 2004; 19: 309-311. 

17. Rocco MV, Bleyer AJ, Burkart JM. Utilization of 

Inpatient and Outpatient Resources for the 

Management of Hemodialysis Access 

Complications. Am J Kidney Dis 1996; 28: 250-

256. 

18. Kukita K, Ohira S, Amano I, et al. 2011 Update 

Japanese Society for Dialysis Therapy 

Guidelines of Vascular Access Construction 

and Repair for Chronic Hemodialysis. Ther 

Apher Dial 2015; 19 Suppl 1: 1-39. 

19. Turmel-Rodrigues L, Pengloan J, Baudin S, et 

al. Treatment of Stenosis and Thrombosis in 

Haemodialysis Fistulas and Grafts by 

Interventional Radiology. Nephrol Dial 

Transplant 2000; 15: 2029-2036. 

20. Miquelin DG, Reis LF, da Silva AA, et al. 

Percutaneous Transluminal Angioplasty in the 

Treatment of Stenosis of Arteriovenous 

Fistulae for Hemodialysis. Int Arch Med 2008; 

1: 16. 

21. Abreo K, Amin BM, Abreo AP. Physical 

Examination of the Hemodialysis 

Arteriovenous Fistula to Detect Early 

Dysfunction. J Vasc Access 2019; 20: 7-11. 

22. Arhuidese IJ, Orandi BJ, Nejim B, et al. 

Utilization, Patency, and Complications 

Associated with Vascular Access for 

Hemodialysis in the United States. J Vasc Surg 

2018; 68: 1166-1174. 

23. Lok CE, Sontrop JM, Tomlinson G, et al. 

Cumulative Patency of Contemporary Fistulas 

Versus Grafts (2000–2010). Clin J Am Soc 

Nephrol 2013; 8: 810-818. 

24. Al-Jaishi AA, Oliver MJ, Thomas SM, et al. 

Patency Rates of the Arteriovenous Fistula for 

Hemodialysis: A Systematic Review and Meta-

Analysis. Am J Kidney Dis 2014; 63: 464-478. 

25. Milburn JA, Lo ST, Szucs ZJ, et al. Transposed 

Brachiobasilic Fistula or PTFE Arm Graft - 

Alternative or Complementary? J Vasc Access 

2008; 9: 117-121. 

26. Windus DW. Permanent Vascular Access: A 

Nephrologist's View. Am J Kidney Dis 1993; 

21: 457-471. 

27. Pisoni RL, Zepel L, Fluck R, et al. International 

Differences in the Location and Use of 

Arteriovenous Accesses Created for 

Hemodialysis: Results from the Dialysis 

Outcomes and Practice Patterns Study 

(DOPPS). Am J Kidney Dis 2018; 71: 469-478. 

28. Ito Y, Sato T, Okada R, et al. Comparison of 

Clinical Effectiveness between Surgical and 

Endovascular Treatment for Thrombotic 



Obstruction in Hemodialysis Access. J Vasc 

Access 2011; 12: 63-66. 

29. Chan MR, Sanchez RJ, Young HN, et al. 

Vascular Access Outcomes in the Elderly 

Hemodialysis Population: A USRDS Study. 

Semin Dial 2007; 20: 606-610. 

30. Miller CD, Robbin ML, Allon M. Gender 

Differences in Outcomes of Arteriovenous 

Fistulas in Hemodialysis Patients. Kidney Int 

2003; 63: 346-352. 

31. Besarab A, Bolton WK, Browne JK, et al. The 

Effects of Normal as Compared with Low 

Hematocrit Values in Patients with Cardiac 

Disease Who Are Receiving Hemodialysis and 

Epoetin. N Engl J Med 1998; 339: 584-590. 

32. Wong V, Ward R, Taylor J, et al. Factors 

Associated with Early Failure of Arteriovenous 

Fistulae for Haemodialysis Access. Eur J Vasc 

Endovasc Surg 1996; 12: 207-213. 

33. Smith GE, Gohil R, Chetter IC. Factors 

Affecting the Patency of Arteriovenous Fistulas 

for Dialysis Access. J Vasc Surg 2012; 55: 849-

855. 

34. Stolic RV, Trajkovic GZ, Kostic MM, et al. 

Factors Affecting the Patency of Arteriovenous 

Fistulas for Hemodialysis: Single Center 

Experience. Hemodial Int 2018; 22: 328-334. 

35. Almasri J, Alsawas M, Mainou M, et al. 

Outcomes of Vascular Access for 

Hemodialysis: A Systematic Review and Meta-

Analysis. J Vasc Surg 2016; 64: 236-243. 

36. Kim YO, Song HC, Yoon SA, et al. Preexisting 

Intimal Hyperplasia of Radial Artery Is 

Associated with Early Failure of Radiocephalic 

Arteriovenous Fistula in Hemodialysis Patients. 

Am J Kidney Dis 2003; 41: 422-428. 

37. KDIGO. Clinical Practice Guideline for Acute 

Kidney Injury. Kidney Int Suppl 2012; 2: 1-138. 

38. Lee TL, Chen CF, Tan AC, et al. Prognosis of 

Vascular Access in Haemodialysis Patients 

with Autosomal Dominant Polycystic Kidney 

Disease. Sci Rep 2020; 10: 1985. 

39. Chandra M, Miller ME, Garcia JF, et al. Serum 

Immunoreactive Erythropoietin Levels in 

Patients with Polycystic Kidney Disease as 

Compared with Other Hemodialysis Patients. 

Nephron 1985; 39: 26-29. 

40. Ushio Y, Kataoka H, Sato M, et al. Association 

between Anemia and Renal Prognosis in 

Autosomal Dominant Polycystic Kidney 

Disease: A Retrospective Study. Clin Exp 

Nephrol 2020; 24: 500-508. 

41. Weyde W, Krajewska M, Penar J, et al. 

Vascular Abnormalities in Patients with 

Autosomal Dominant Polycystic Kidney 

Disease--the Influence on Arteriovenous 

Fistula Creation. Clin Nephrol 2004; 61: 344-

346. 

42. Xing X, Lu J, Wang Z. Associated Risk Factors 

for Chronic Kidney Disease of Unknown 

Etiologies in 241 Patients. Int J Artif Organs 

2015; 38: 184-191. 

43. Chawla LS, Kimmel PL. Acute Kidney Injury 

and Chronic Kidney Disease: An Integrated 

Clinical Syndrome. Kidney Int 2012; 82: 516-

524. 

44. Wakamoto K, Doi S, Nakashima A, et al. 

Comparing the 12-Month Patency of Low- 

Versus High-Pressure Dilation in Failing 

Arteriovenous Fistulae: A Prospective 

Multicenter Trial (YOROI Study). J Vasc 

Access 2018; 19: 477-483. 

45. Doi S, Masaki T, Shigemoto K, et al. Calcium 

Channel Antagonists Reduce Restenosis after 

Percutaneous Transluminal Angioplasty of an 

Arteriovenous Fistula in Hemodialysis Patients. 

Ther Apher Dial 2008; 12: 232-236. 

46. Brahmbhatt A, Remuzzi A, Franzoni M, et al. 

The Molecular Mechanisms of Hemodialysis 

Vascular Access Failure. Kidney Int 2016; 89: 

303-316. 

47. Vazquez-Padron RI, Allon M. New Insights into 

Dialysis Vascular Access: Impact of 

Preexisting Arterial and Venous Pathology on 



AVF and AVG Outcomes. Clin J Am Soc 

Nephrol 2016; 11: 1495-1503. 

48. Chang CJ, Ko PJ, Hsu LA, et al. Highly 

Increased Cell Proliferation Activity in the 

Restenotic Hemodialysis Vascular Access 

after Percutaneous Transluminal Angioplasty: 

Implication in Prevention of Restenosis. Am J 

Kidney Dis 2004; 43: 74-84. 

49. Lee T, Misra S. New Insights into Dialysis 

Vascular Access: Molecular Targets in 

Arteriovenous Fistula and Arteriovenous Graft 

Failure and Their Potential to Improve Vascular 

Access Outcomes. Clin J Am Soc Nephrol 

2016; 11: 1504-1512. 

  



Supplemental Table 1. Participating facilities and number of patients 

  

 Number of 
patients who 
started HD 

Number of 
patients who 
underwent 
maintenance 
HD 

Department of Nephrology, Hiroshima University Hospital 70 9 

Jinyukai Onomichi Clinic 4 5 

Department of Nephrology, JA Onomichi General Hospital 1 0 

Chuou Naika Clinic 11 46 

Department of Nephrology, Kure Kyosai Hospital 73 21 

Department of Nephrology, National Hospital Organization Kure Medical Center 21 6 

Smile Hakuai Clinic 0 27 

Smile Clear Yakeyama Clinic 0 14 

Smile Hiroshima Bay Clinic 1 57 

Oda Naika Clinic 0 27 

Department of Nephrology, Hiroshima Prefectural Hospital 182 32 

Jinikai Inokuchi Clinic 50 63 

Ichiyokai East Clinic 0 59 

Ichiyokai Yokogawa Clinic 0 28 

Ichiyokai Ichiyokai Clinic 1 75 

Department of Nephrology, Ichiyokai Harada Hospital 143 69 

Department of Nephrology, JA Hiroshima General Hospital 3 2 

Akane-Foundation, Omachi Tsuchiya clinic 30 52 

Department of Artificial Organs, Akane-Foundation, Tsuchiya General Hospital 21 19 



Supplemental Table 2. Sites of the stenosis 

 Overall RC-AVF AVG 

 (n = 449) (n = 434) (n = 15) 

Anastomosis 170 (37.9) 170 (39.2) 0 (0.0) 

Juxta-anastomosis 113 (25.2) 113 (26.0) 0 (0.0) 

Forearm 112 (24.9) 112 (25.8) 0 (0.0) 

Elbow 23 (5.1) 22 (5.1) 1 (6.7) 

Upper arm 12 (2.7) 10 (2.3) 2 (13.3) 

Axillary 1 (0.2) 0 (0.0) 1 (6.7) 

Radial artery 7 (1.6) 7 (1.6) 0 (0.0) 

Arterial side anastomosis of graft 2 (0.4) 0 (0.0) 2 (13.3) 

Venous side anastomosis of graft 9 (2.0) 0 (0.0) 9 (60.0) 

Data are expressed as n (%). 
RC-AVF, radiocephalic arteriovenous fistula; AVG, arteriovenous graft. 
  



Supplemental Table 3. Method of reconstruction of VA 
 

 (n = 28) 

Anastomosis to the central side 27 

RC-AVF creation in the contralateral arm 1 

Data are expressed as numbers. 
RC-AVF, radiocephalic arteriovenous fistula. 
  



Supplemental Table 4. Characteristics of patients with or without restenosis after PTA in PKD patients 

 

 Overall With restenosis Without restenosis P value 

 (n = 15) (n = 13) (n = 2)  

Age, yr 68 (61–78) 70 (62–79) 54 (42–66) 0.04 

Sex, female 10 (66.7) 9 (69.2) 1 (50.0) 0.72 

Complications     

  Cardiovascular disease 5 (33.3) 4 (30.7) 1 (50.0) 0.57 

  Atrial fibrillation 2 (13.3) 2 (15.4) 0 (0) 0.60 

  Valvular disease 4 (26.7) 3 (23.1) 1 (50.0) 0.62 

VA forms     

  RC-AVF 14 (93.3) 12 (92.3) 2 (100.0) 0.60 

  AVG 1 (6.7) 1 (7.7) 0 (0) 0.60 

Maturation failure of the VA 0 (0) 0 (0) 0 (0)  

Dialysis initiated using a temporary catheter 2 (13.3) 1 (7.7) 1 (50.0) 0.10 

Period from VA construction to use, d 30 (8–136) 30 (9–130) 139 (0–277) 0.54 

Hb, g/dL 9.8 ± 1.4 9.4 ± 1.0 12.2 ± 0.9 0.002 

Albumin, g/dL 3.6 ± 0.6 3.7 ± 0.5 2.9 ± 0.6 0.07 

Previous medication     

  Anticoagulant 2 (13.3) 2 (15.4) 0 (0) 0.60 

  Antiplatelet 5 (33.3) 5 (38.5) 0 (0) 0.34 

  ESA 12 (80.0) 11 (84.6) 1 (50.0) 0.26 

Data are expressed as n (%), mean ± standard deviation, or median (interquartile range). 

PTA, percutaneous transluminal angioplasty; PKD, polycystic kidney disease; VA, vascular access; RC-AVF, radiocephalic arteriovenous fistula; AVG, 

arteriovenous graft; Hb, hemoglobin; ESA, erythropoietin-stimulating agent. 

 


