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Abstract
Background: Maturation failure of autogenous arteriovenous fistula (aAVF) has been increasing after surgical procedures and the salvage 
percutaneous transluminal angioplasty (sPTA) for immature aAVF has been identified as an effective treatment modality.
Objectives: The aim of this study was to identify factors predicting successful aAVF maturation and to determine positive technical 
aspects of sPTA.
Patients and Methods: We retrospectively reviewed medical records and radiological images of 59 patients who had undergone sPTA 
for non-maturing aAVFs. We analysed images from pre-surgical mapping Doppler ultrasonography, angiography, and angioplasty and 
follow-up Doppler ultrasonography performed within two weeks after sPTA. We assessed the following factors, for their ability to predict 
successful aAVF maturation: 1) patient factors (age; sex; co-morbidities; and aAVF age, side and type); 2) vessel factors (cephalic vein diameter 
and depth, presence of accessory veins, and pre- and postoperative radial artery disease); 3) lesion factors (stenosis number, location and 
severity); and 4) technical factors (presence of residual stenosis and anatomic success ratio (ASR) on follow-up Doppler ultrasonography).
Results: The technical and clinical success rates were both 94.9% (56/59); the mean ASR was 0.84. An ASR of ≥ 0.7 and no significant residual 
stenosis (< 30%) (both P < 0.001) on two-week follow-up Doppler ultrasonography predicted successful aAVF maturation.
Conclusion: For more precise prediction of successful aAVF maturation after sPTA, short-term follow-up Doppler ultrasonography (< 2 
weeks) was useful. If the ASR was < 0.7 or if residual stenosis was ≥ 30%, immediate repeat sPTA is recommended.

Keywords: Arteriovenous Fistula, Autologous Transplantation, Doppler Ultrasonography, Angioplasty

Copyright © 2016, Tehran University of Medical Sciences and Iranian Society of Radiology. This is an open-access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the mate-
rial just in noncommercial usages, provided the original work is properly cited.

1. Background
Autogenous arteriovenous fistula (aAVF) for haemodi-

alysis access is associated with a lower incidence of steno-
sis, occlusion and other postoperative complications. It 
has a mean patency period of 58 - 70 months, compared to 
the mean patency period of 24 - 36 months for synthetic 
grafts (1). Therefore, the Dialysis Outcomes Quality Initia-
tive Guidelines recommend the use of aAVFs as the first 
choice for vascular access, despite the disadvantages of a 
longer maturation time and high failure rate of matura-
tion (up to 50%) compared to those for synthetic grafts (1, 
2). To reduce failed aAVF maturity, Doppler ultrasonogra-
phy (US) and/or venography has been used to screen for 
stenosis of the venous limb or for accessory veins, which 
are the most common causes of aAVF failure (3, 4).

Many studies have reported that percutaneous trans-
luminal angioplasty (PTA) is a well-known and effective 
modality for salvaging immature aAVFs (5, 6). However, 
technical and clinical factors that can predict successful 

aAVF maturation after salvage PTA (sPTA) have not been 
well elucidated, especially with respect to the role of Dop-
pler US during and after sPTA (5, 6).

2. Objectives
The purpose of this study was to identify factors predict-

ing successful aAVF maturation during and after sPTA by 
means of Doppler US measurement.

3. Patients and Methods

3.1. Patients
The local institutional review board approved this 

study, and the requirement for informed consent was 
waived because of the retrospective nature of the study.

Fifty-nine patients who had undergone sPTA for imma-
ture aAVFs were included in this study. They were selected 
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from 478 patients with end-stage renal disease who had 
undergone aAVF creation for haemodialysis access from 
November 2008 to May 2014 (primarily during the latter 
three years). Two board-certified vascular surgeons with 
> 10 years of experience created the aAVFs during the 
study period.

The subjects included 32 males and 27 females, and their 
ages ranged from 40 to 85 years, with a mean age of 66 
years (Table 1). The presence of hypertension, diabetes 
mellitus, cardiovascular disease, and/or end-stage renal 
disease was evaluated to determine risk factors. If a pa-
tient had more than two risk factors, he or she was con-
sidered to have co-morbidity.

Thirty-nine patients had undergone haemodialysis via 
permanent haemodialysis catheters for a period ranging 
from two days to 4.5 years (mean, 154 days) before AVF cre-
ation. Nine patients were to undergo a second operation 
due to primary AVF maturation failure.

A total of 51 patients underwent radiocephalic (RC) 
AVF creation, and the remaining eight patients under-
went brachiocephalic (BC) AVF creation. The fistula age, 
defined as the time period between the AVF surgery and 
sPTA, ranged from 18 to 152 days (mean, 92.8 days). Fifty-
five patients had co-morbidities (diabetic nephropathy 
in 59 and hypertension in 55).

All Doppler US examinations and PTA procedures were 
performed by two board-certified interventional radiolo-

gists with > 15 years of experience in vascular interven-
tions. We did not include patients with recurring stenosis 
of the aAVF after initial clinical success in this series.

3.2. Doppler Ultrasonography
Routine preoperative mapping Doppler US was per-

formed to assess the status of the cephalic veins on both 
arms from the wrist joint to the elbow in longitudinal 
and transverse directions. The following characteristics 
were recorded: 1) size of the cephalic vein, 2) tortuosity 
of the cephalic vein, 3) depth of the cephalic vein, 4) pres-
ence of accessory veins, 5) stenosis of the cephalic vein, 
and 6) stenosis or significant calcification of the radial 
artery. All Doppler US procedures were performed with 
IU-22 and HDI-5000 US machines (Philips Ultrasound, 
Bothell, WA, USA) using a 5 - 10 MHz linear transducer.

The criteria for favourable pre-surgical AVF creation 
were: 1) size of the cephalic vein being > 2 mm in the fore-
arm and > 2.5 mm in the arm, 2) no evidence of signifi-
cant stenosis or thrombi of the cephalic vein, 3) no visible 
ipsilateral central vein stenosis or occlusion, and 4) size 
of radial artery being > 1.5 - 2 mm (4).

The criteria for suspicious aAVF maturation failure 
were: 1) weak or no thrill on physical examination, and 2) 
size of < 4 mm or volume flow of < 500 mL/minute within 
four weeks after the surgery (7).

Table 1. Analysis of Patient Factors That May Predict Successful Maturation of Autogenous Arteriovenous Fistula After Salvage 
Percutaneous Transluminal Angioplastya

Patient Characteristics Number of Fistulas (N = 59) Failed Maturation of AVF Successful Maturation of AVF P Value
Gender 0.243

Male 32 3 29
Female 27 0 27

Patient age 0.219
< 65 years 37 1 36
≥ 65 years 22 2 20

Co-morbidities 0.284
Present 55 2 53
Absent 4 1 3

Preop. vein diameter 0.583
< 2.5 mm 31 2 29
≥ 2.5 mm 28 1 27

Preop. vein depth 0.586
< 3 mm 28 2 26
≥ 3 mm 31 1 30

Type of fistula 0.508
RC- AVF 51 3 48
BC- AVF 8 0 8

Side of fistula 0.546
Right 7 0 7
Left 52 3 49

aAbbreviations: AVF, arteriovenous fistula; BC-AVF, Brachiocephalic arteriovenous fistula; Preop., preoperation; RC-AVF, radiocephalic arteriovenous 
fistula.
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Doppler US for detection of immature aAVFs was per-
formed in three steps: 1) standard measurements of the 
diameter of the overall AVF draining vein, 2) visual es-
timation of the size at the focal stenotic or diffuse nar-
rowed portions of the vein, which most severely limit 
venous flow on the draining vein of the AVF, respectively, 
and 3) volume flow measurements at the normal sized 
draining vein of the AVF. Measurement of volume flow at 
the focal stenotic or narrowed portions was avoided due 
to turbulent or laminar flow.

All patients with suspected aAVF maturation failure un-
derwent Doppler US examination (in most cases by the 
same interventional radiologist who performed the pre-
operative evaluation) after surgical fistula creation, to 
evaluate changes in size, depth, course of the cephalic vein, 
as well as the presence of intraluminal stenosis in the ce-
phalic vein and accessory veins. During follow-up Doppler 
US examination, we used several methods in an attempt to 
measure the identical lesion location of the cephalic vein 
(such as comparing the current US image to previous Dop-
pler US images, with the same examiner who performed 
the previous Doppler US examination, and obtaining con-
sensus between two interventional radiologists).

3.3. Salvage Percutaneous Transluminal Angioplasty
Arterial access through the brachial (n = 50) or radial 

artery (n = 9) was originally utilized to reduce the risk 
of injury to the immature distal trunk of the fistula dur-
ing puncture or haemostasis after sPTA, especially when 
the distal trunk of the fistula was < 2 mm on US exami-
nation. Puncture was routinely performed with a 21-G 
Micropuncture set® (Cook, Bloomington, IN, USA), un-
der ultrasonographic guidance. The brachial artery was 
punctured in the antegrade direction for RC-AVF and in 
the retrograde direction for BC-AVF. After insertion of a 4 
Fr short vascular sheath (Terumo, Tokyo, Japan), angiog-
raphy was performed to detect stenosis, thrombosis, and 
accessory veins in the entire trunk of the fistula, arterio-
venous anastomosis, artery and veins.

After the passage of a 0.014 or 0.018 inch micro-guide 
wire, a 2.5 - 5.0 mm balloon catheter (Powercross TM; Co-
vidien Corp., Plymouth, MN, USA) was advanced and in-
flated up to 14 mmHg at the site of the stenosis for one to 
five minutes after routine injection of 3,000 - 5,000 IU of 
heparin (8). The strategy for selecting balloon size was to 
select one with the same diameter or one 0.5 mm in di-
ameter smaller than the diameter of the normal portion 
of the cephalic vein.

If a residual stenosis of > 30% remained after the initial 
PTA with the conventional balloon catheter, additional an-
gioplasty was carried out with a same-sized, high-pressure 
balloon (Conquest®; Bard, Tampe, AZ, USA) or a cutting 
balloon (FlextomeTM; Boston Scientific, Natick, MA, USA). 
If there was difficulty in crossing the anastomosis with 
the above-described balloon catheter due to its stiff nature 
and large diameter, we performed an additional puncture 
of the radial artery distal to the anastomosis under ultra-

sonographic guidance. The endpoint of the sPTA was: 1) re-
sidual stenosis of < 30%, 2) no visible dissection, and 3) im-
proved luminal flow on completion angiography (9, 10).

All sPTA procedures were performed by two board-certi-
fied interventional radiologists with > 15 years of experi-
ence in vascular interventions. Haemostasis of the arte-
rial puncture site was achieved by using a haemostatic 
closure pad (Clo-Surplus PADTM; SCION, Miami, FL, USA) 
and haemostatic compression bandage (TR BandTM; 
Terumo, Tokyo, Japan). The interventional radiologists 
who performed the sPTAs confirmed complete haemo-
stasis of the puncture site for all cases.

The results of the sPTA were evaluated in accordance 
with the standards of the society of vascular surgery, the 
American association for vascular surgery, and the so-
ciety of interventional radiology (9, 10). If luminal flow 
through the entire fistula trunk to the central vein was 
completely restored and the extent of residual stenosis 
remained below 20% of the initial value, on completion 
of the angiography, the procedure was considered a tech-
nical success. If sufficient vascular maturation occurred 
and haemodialysis was successfully performed with a 
mean flow rate of 300 mL/minute at least three times, the 
procedure was considered a clinical success (11). Primary 
patency was defined as the time period for which the 
aAVF maintained a sufficient flow rate for haemodialysis 
without revision after the first PTA. Secondary patency 
was defined as the time period between the first PTA and 
surgical revision or abandonment (12).

The anatomic success ratio (ASR) was calculated by divid-
ing the diameter of the dilated segment of the venous limb 
of the fistula checked by follow-up US two weeks after sPTA, 
by the diameter of the dilated segment of the venous limb 
of the fistula checked by US immediately after sPTA. For ASR 
measurement, a Doppler US examination was performed 
immediately after sPTA, before haemostasis of the puncture 
site, and within two weeks after sPTA for all patients. In addi-
tion, the diameter of the non-stenotic venous limb of the AVF 
was measured again as a normal diameter, and the lumen of 
the venous limb of the fistula was examined for the presence 
of a thrombus or dissection.

If the ASR was < 0.7 and physical examination did not re-
veal a distinct thrill, additional secondary Doppler US was 
performed in the next two weeks. If the ASR decreased 
further and the thrill was more aggravated on the second 
follow-up US compared to that of the first follow-up US, 
additional sPTA was performed immediately in the same 
manner as for the first sPTA.

3.4. Statistical Analysis
We analysed the data from all medical records and ra-

diological images, including those obtained during pre-
operative mapping and postoperative Doppler US, sPTA, 
and follow-up Doppler US after sPTA.

The definition of maturation success was as follows: 1) a 
main trunk diameter of the fistula of > 4 mm, and 2) a vol-
ume flow through the main trunk of the fistula of ≥ 300 mL/
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minute. The definition of maturation failure was anything 
in contrary to the definition of maturation success (13).

The following factors were analysed with Cox univariate 
and multivariate analyses for their ability to predict suc-
cessful maturation of aAVFs after sPTA: 1) patient factors 
(age [< 65 years or ≥ 65 years], gender [male or female], 
presence of co-morbidities, such as diabetes and hyper-
tension [present or absent], age of the aAVF [< 60 days or 
≥ 60 days], side of aAVF [right or left], and type of aAVF 
[RC or BC]); 2) vessel factors (diameter of the cephalic vein 
on preoperative imaging [< 2.5 mm or ≥ 2.5 mm], depth 
of the cephalic vein on preoperative imaging [< 3.0 mm 
or ≥ 3.0 mm], accessory veins [present or absent], and 
radial artery disease [present or absent]); 3) lesion factors 
(type of lesion [stenosis or occlusion], number of lesions 
[single or multiple], location of the lesion [juxta-anasto-
motic or > 2 cm from anastomosis], and severity of steno-
sis [50% - 74%, 75% - 89%, 90% - 99%]); and 4) technical sPTA 
factors (residual stenosis [present or absent] and ASR on 
follow-up Doppler US [< 0.7 or ≥ 0.7]).

Vascular lesions that led to aAVF maturation failure 
were classified as follows: 1) stenosis or 2) occlusion with-
out thrombosis, based on the findings of postoperative 
Doppler US examination and sPTA. Stenosis was defined 
as a ≥ 50% reduction in the luminal diameter. A throm-
bus was defined as an echogenic mass of blood clots 
within the vascular lumen on Doppler US and a filling de-
fect within the lumen surrounded by contrast material 
on sPTA (8). A significant accessory vein was defined as a 
venous channel originating from the main trunk of the 
fistula, similar in size to the main trunk, and reducing 

the flow through the main trunk of the fistula (9).
The location of the lesion was classified as: 1) native radial 

artery, adjacent to the anastomosis; 2) arteriovenous anas-
tomosis; 3) juxta-anastomotic vein (in the fistula within 2 
cm from anastomosis); 4) venous outflow (> 2 cm from the 
anastomosis, cannulation zone); 5) distal outflow (defined 
as a draining portion of the cephalic vein above the elbow 
joint for RC-AVF and above the mid-humerus for BC-AVF); 
and 6) central venous system (14). The diameter of the ste-
notic lesion was measured at the narrowest segment in 
the trunk of the fistula, and the normal diameter was de-
fined as the largest diameter of the fistula.

Comparisons between groups were performed with the 
chi-square or Fisher’s exact test for categorical variables. 
The risk factors against and predictors for successful fistula 
maturation were analysed with Cox multivariate analysis. 
Technical factors of the sPTA were analysed with the Mann-
Whitney U-test. Primary and secondary patency after sPTA 
was analysed with the Kaplan-Meier method. The SPSS soft-
ware version 19.0 for Windows (SPSS; IBM Corp., Chicago, 
IL, USA) was used for statistical analysis, and P values of < 
0.05 were considered statistically significant.

4. Results
The results of the detailed analysis of the vessel and le-

sion characteristics obtained during sPTA and pre- and 
postoperative Doppler US (Figure 1) are shown in Tables 2 
and 3. All 59 patients underwent additional follow-up Dop-
pler US between 10 days and two weeks after sPTA. Two pa-
tients had an ASR of < 0.7 on the first and second follow-up 
Doppler US, and one patient was converted to open repair.

Figure 1. Successful fistula maturation after salvage PTA in a 54-year-old male with a non-maturing autogenous radiocephalic AVF; A, Initial angiography 
shows a focal severe stenosis (arrows) in the juxta-anastomotic vein of AVF; B, Angiography performed after the salvage PTA shows overall improvement 
of the stenosis, with subtle residual lesions (arrows) in the juxta-anastomotic vein of the AVF. The anatomic success ratio was measured with Doppler 
ultrasonography two weeks after the first salvage PTA was 0.8 (not shown).
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Table 2. Vessel Factors That Changed After Salvage Percutaneous 
Transluminal Angioplastya

Preop. Postop.
Mean diameter of cephalic vein (cm)

RC- AVF 0.228 0.411
BC- AVF 0.232 0.413

Mean depth of cephalic vein (cm)
RC- AVF 0.267 0.299
BC- AVF 0.272 0.278

Presence of fistula stenosis
RC- AVF 3 51
BC- AVF 2 8

Presence of accessory vein
RC- AVF 4 6
BC- AVF 0 0

Presence of arterial stenosis
Radial artery 4 0
Brachial artery 0 0

aAbbreviations: AVF, arteriovenous fistula; BC-AVF, Brachiocephalic 
arteriovenous fistula; Postop., postoperative; Preop., preoperative; RC-
AVF, radiocephalic arteriovenous fistula.

Table 3. Lesion Factors for Immature Autogenous Arteriovenous 
Fistula Before Salvage Percutaneous Transluminal Angioplastya

RC-AVF (N = 51) BC-AVF (N = 8)
Degree of stenosis b

50 - 74 24 5
75 - 89 16 1
90 - 99 11 2

Stenosis location b

Anastomosis 3 0
Juxta-anastomotic vein 45 2
2 - 10 cm of fistula 1 4
Multiple 2 2

Fistula diameter
Normal (mean) 2.16 - 6.53 (4.72) 4.8 - 7.95 (5.66)
Stenosis (mean) 0.5 - 2.9 (1.36) 0.5 - 2.36 (1.56)

aAbbreviations: BC-AVF, Brachiocephalic arteriovenous fistula; RC-AVF, 
radiocephalic arteriovenous fistula.
bValues are presented as number.

The first sPTA was technically and clinically successful in 
56 and 54 patients, respectively. Furthermore, the second 
sPTA was clinically successful in two cases, in spite of the 
technical success of the first sPTA. Therefore, the over-
all technical and clinical success rates were both 94.9% 
(56/59). Neither technical nor clinical success was achieved 
in three patients after one to three sPTA procedures (Figure 
2). There were no complications related to the sPTA proce-
dure, such as hematoma or infection, except for one case 
of pseudoaneurysm after sPTA of an RC-AVF with a same-
sized balloon catheter for stenosis of the juxta-anastomot-
ic vein, and in which was considered a technical failure 
of the first sPTA. Consequently, an additional BC-AVF was 
created in the ipsilateral arm (Figure 3). The mean ASR on 
follow-up Doppler US after sPTA was 0.84 (range, 0.28 - 1.23), 
and the mean ASRs in the RC-AVF and BC-AVF groups 

Figure 2. Failed fistula maturation after two sessions of salvage PTAs in a 
72-year-old male with a non-maturing autogenous radiocephalic AVF; A, Ini-
tial angiography showed a focal severe stenosis (arrows) in the juxta-anas-
tomotic vein of the AVF; B, Angiography performed after the first salvage 
PTA showed improvement of the stenosis with subtle residual lesions (ar-
rows) in the juxta-anastomotic vein of the AVF. The anatomic success ratio 
measured with Doppler ultrasonography two weeks after the first salvage 
PTA was 0.5 (not shown). C, A second angiography performed four weeks 
after the first salvage PTA revealed the recurrence of severe multifocal ste-
nosis (arrows) in the juxta-anastomotic vein of the AVF and weak accessory 
veins. D, Angiography after the second salvage PTA showed significant im-
provement of the stenosis with subtle residual lesions (arrows) in the juxta-
anastomotic vein of the AVF. The anatomic success ratio measured with 
Doppler ultrasonography two weeks after the second salvage PTA was 0.4 
(not shown). AVF, arteriovenous fistula; PTA, percutaneous transluminal 
angioplasty.

was 0.86 and 0.79, respectively. There were no puncture 
site complications, such as hematoma, dissection, or pseu-
doaneurysm, after haemostasis with use of the previously 
mentioned haemostasis device in our series.
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Figure 3. Failed fistula maturation after salvage PTA in a 53-year-old man with a non-maturing autogenous radiocephalic AVF; A, Initial angiography of 
the salvage PTA shows a severe focal stenosis about 2 cm in length (arrows) in the juxta-anastomotic vein of the AVF and a weak accessory vein. B, Angi-
ography reveals an acute pseudoaneurysm (white arrowheads) that occurred immediately after balloon dilation with a 2.5 mm × 2 cm balloon catheter 
and residual severe stenosis (arrow) in the juxta-anastomotic vein of the AVF; AVF, arteriovenous fistula; PTA, percutaneous transluminal angioplasty.

Nine patients, in whom the initial sPTA was clinically 
successful, had significant recurrent stenosis after hae-
modialysis, and nine patients underwent one additional 
PTA. Compared with the initial sPTA, the recurrent ste-
nosis was observed at the same location in six patients 
(juxta-anastomotic vein) and at a more distal location in 
the trunk in three patients (venous outflow > 2 cm from 
the anastomosis). Primary patency was 96.6% at three 
months, 83% at six months, and 71% at 12 months.

The Cox multivariate analysis revealed that an ASR of ≥ 

0.7 (OR, 6.9; P < 0.001) and the absence of significant resid-
ual stenosis (OR, 1.1; P < 0.001) on the last follow-up Doppler 
US were significant predictors of successful aAVF matura-
tion after sPTA. Patient factors (age; gender; co-morbidities; 
and age, side, and type of aAVF), vessel factors (diameter 
and depth of the cephalic vein on preoperative imaging, 
presence of accessory veins, and presence of radial artery 
disease), and lesion factors (type, number, and location of 
lesions and severity of stenosis) were not significantly as-
sociated with successful aAVF maturation (Table 4).
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Table 4. Analysis of Lesion Factors That May Predict Successful Maturation of Autogenous Arteriovenous Fistula After Salvage 
Percutaneous Transluminal Angioplastya

Lesion Characteristics No. Fistulas (N = 59) Failed Maturation of AVF Successful Maturation of AVF P Value

Fistula age 0.545

< 60 days 38 3 35

≥ 60 days 21 0 21

Arterial access 0.556

Brachial artery 50 3 47

Radial artery 9 0 9

No. of lesions 0.536

Single 45 1 44

Multiple 14 2 12

Degree of stenosis 0.538

≥ 90% 13 2 11

< 90% 46 1 45

Location of lesion 0.548

Anastomosis 3 0 3

Juxta-anastomotic vein 47 3 44

2 - 10 cm of fistula 5 0 5

Multiple 4 0 4

Accessory vein 0.532

Present 6 1 5

Absent 53 2 51

Residual stenosis > 30% < 0.001

Present 3 3 0

Absent 56 0 56

Anatomic success ratio 
≥ 0.70

< 0.001

Present 56 0 56

Absent 3 3 0
aAbbreviation: AVF, arteriovenous fistula.

5. Discussion
In the present study, stenosis of the cephalic vein within 

5 cm from the arteriovenous anastomosis was the most 
common cause of immaturity (84.7%, 50/59). Juxta-anas-
tomotic stenosis of aAVFs has been shown to be the most 
common vascular lesion that causes immature aAVFs (6). 
Stenosis in the “venous swing point” (the region from the 
arteriovenous anastomosis to the point of the cephalic 
vein, located 5 cm distal to the anastomosis) is consid-
ered an acquired lesion associated with the surgical tech-
nique, as this point is the site of surgical creation and 
mobilization of the artery and vein (15). Other vascular 
lesions, such as lesions in the central veins, other venous 
outflow tract obstructions related to previous puncture 
and catheter insertion, small size of the cephalic vein, 
and large size of accessory veins are also well-known 

causes of aAVF immaturity (16).
Previous studies have identified older age, female gen-

der, and the presence of diabetes, hypertension, and an 
upper-arm fistula as predictors of aAVF maturation fail-
ure. Moreover, several studies have shown that preop-
erative arterial and venous diameters of > 2 mm and 2.5 
mm, respectively, predict maturation of the aAVF (16-18). 
Recently, vein diameter and volume flow measured with 
Doppler US before and after the surgery have been sug-
gested to be very useful for predicting fistula maturation 
(19). According to Robbin et al. (7), venous diameter of > 
4 mm and volume flow of > 500 mL/minute within four 
weeks after the surgery were the main determinants of 
successful aAVF maturation. Our attempts to evaluate im-
mature aAVFs using the above diagnostic criteria were 
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difficult because of the lack of clearly defined reference 
values for volume flow that would allow researchers to 
distinguish between mature and immature aAVFs. Fur-
thermore, volume flow has been quantitatively studied 
only for matured fistulas. Therefore, appropriate cut-off 
values for size and volume flow need to be established for 
immature aAVFs (20).

Han et al. (8) demonstrated that patients aged > 65 
years and lesion factors, such as stenosis ≥ 90% and re-
sidual stenosis ≥ 20%, were independently associated 
with reduced primary or secondary patency rate. Howev-
er, Liang et al. (21) found no significant differences among 
three types of lesions, stenosis, obstruction, and throm-
bosis, on primary and secondary patency rates after sPTA. 
Furthermore, they found no significant difference in pa-
tency rate between groups with and without significant 
residual stenosis after sPTA. In agreement with the latter 
results, we did not find statistically significant associa-
tions between successful aAVF maturation after sPTA and 
various patient, vessel and lesion characteristics. Physi-
cians should bear in mind, however, that cut-off values 
for the size, depth, and volume flow of the cephalic vein, 
associated with immature aAVFs in the Asian population, 
may be lower than those in the Western population, and 
therefore further studies are needed to verify this result.

In our study, ASR ≥ 0.7 and the absence of significant 
residual stenosis were significant independent factors 
predicting successful fistula maturation after sPTA (P < 
0.001). In particular, fistulas with ASR of ≥ 0.7 on follow-
up Doppler US performed within two weeks after sPTA 
tended to have a greater rate of fistula maturation than 
fistulas with ASR of < 0.7, yet this tendency was not statis-
tically significant (P > 0.05).

Early elastic recoil, one of the drawbacks of angioplasty, 
may have contributed to the above results. In this study, 
we performed follow-up US examinations within two 
weeks after sPTA to assess the diameter of the fistula. 
Furthermore, ASR was calculated based on the acquired 
maximal diameter of the venous limb of the fistula on 
follow-up US two weeks after sPTA and the diameter of 
the dilated segment of the venous limb of the fistula 
immediately after sPTA. This quantitative evaluation of 
the dilated venous limb of the fistula, during short-term 
follow-up Doppler US after sPTA, may be very useful for 
predicting successful aAVF maturation.

The appropriate size of balloon catheters for sPTA has 
been a matter of debate. Although same-sized balloon 
catheters or catheters up to 20% larger than the normal 
vessel diameter are often used in conventional PTA, this 
selection principle does not fully apply to sPTA for sev-
eral reasons. First, immature fistulas in most patients 
from our series had very small diameters (≤ 3 mm) 
(90%, 53/59), which may have been smaller than the nor-
mal vessel diameter in the healthy population. Second, 
a larger balloon catheter increases the risk of damage 
to the immature vein, such as by causing a perforation 
or dissection. Third, immaturity typically results in 

a very small diameter of the distal venous limb of the 
fistula, and this increases the risk of vascular injury 
during puncture or haemostasis. Therefore, in most 
cases, we used same-sized balloon catheters or one ap-
proximately 0.5 mm smaller than the diameter of the 
adjacent normal venous limb of the fistula during sPTA. 
As a result, no major complications were observed im-
mediately after balloon inflation except for one case of 
pseudoaneurysm, in which sPTA was performed for an 
RC-AVF with a same-sized balloon catheter (3 mm). Even 
though our study had a shorter follow-up period and a 
smaller sample size compared to some other studies, 
the superior clinical success rate of this study indicates 
the usefulness of this approach for balloon catheter size 
selection for sPTA.

The rate of fistula maturation after sPTA obtained in the 
current study was higher than that in previous reports (6, 
8). There may be several reasons for this difference. First, 
access via arterial puncture reduced the risk of damage 
to cephalic veins, which could preclude maturation. Sec-
ond, the proportion of cases with severe stenosis (> 90%) 
was lower than that in other studies. Third, the incidence 
of meaningful accessory veins was lower than that of pre-
vious reports.

This study had several limitations that need to be ad-
dressed. First, its retrospective design may have resulted 
in selection or recall bias. Second, this was a single-center 
study, the number of patients was relatively small, and the 
follow-up period was relatively short, which may affect the 
generalizability of the results. Third, there may have been 
inter- or intra-observer variation in performing the Dop-
pler US in each examination, in spite of verification of the 
ultrasonographic results by two board-certified interven-
tional radiologists with > 15 years of experience in vascular 
interventions. Fourth, the number of failed cases was very 
low in this series, which could be a major weakness of this 
study because the failure cases could be important in pre-
dicting the causes of aAVF maturation.

In conclusion, an ASR of ≥ 0.7 and the absence of sig-
nificant residual stenosis at the two-week follow-up Dop-
pler US after sPTA can be used to predict successful aAVF 
maturation. Immediate additional sPTA was helpful for 
successful aAVF maturation in cases with significant re-
sidual stenosis and ASR < 0.7.
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