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Brachiobasilic Arteriovenous
Fistula

HK10] QUi KBT| LS| HAS MSHUZ0|A
=

SLFEdedd=el gitet el

—

Dahye Shin, MD' (2, Yong Jae Kim, MD'* (2, Seung Boo Yang, MD?,
Jae Myeong Lee, MD? Woong Hee Lee, MD*, Dong Erk Goo, MD*

Department of Radiology, Soonchunhyang University Seoul Hospital, Seoul, Korea
’Department of Radiology, Soonchunhyang University Gumi Hospital, Gumi, Korea

3Department of Radiology, Soonchunhyang University Bucheon Hospital, Bucheon, Korea
“Department of Radiology, Soonchunhyang University Cheonan Hospital, Cheonan, Korea

Purpose To evaluate effectiveness of percutaneous transluminal angioplasty (PTA) for trans-
posed brachiobasilic arteriovenous fistula (tBBAVF), and to analyze the factors influencing pa-
tency after PTA.

Materials and Methods In 101 patients who underwent operation for tBBAVF from January
2006 to February 2008, we identified 42 patients undergoing PTA. We conducted a retrospec-
tive analysis of sequential PTAs in these patients from 2006 to 2017.

Results A total of 100 PTAs were performed. The technical success rate was 93% and the clini-
cal success was 100%. Only ruptures occurred in 12% as minor complications. Primary patency
rate was 61%, 29%, 7%, and secondary patency was 91%, 82%, 59% at 6, 12, and 24 months,
respectively. Primary patency rate was lower in tBBAVF with rupture (p = 0.024). Secondary pa-
tency rate was significantly lower in the diabetes (p = 0.002).

Conclusion Repetitive PTAs in tBBAVF are acceptable due to excellent secondary patency. Pri-
mary patency of tBBAVF is low in patients with rupture. Diabetes itself has a significant effect
on secondary patency.
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Percutaneous Angioplasty of Transposed Brachiobasilic Fistula

INTRODUCTION

The transposed brachiobasilic arteriovenous fistula (tBBAVF) is the third AVF recommend-
ed for cases in which AVF creation is difficult in the wrist (radial-cephalic) or elbow (brachi-
al-cephalic), according to the 2001 NKF-DOQI Clinical Practice Guidelines for Vascular Ac-
cess (1). The tBBAVF was first introduced by Dagher et al. in 1976 (2). The creation of tBBAVF
entails transposition of basilic vein. This process can kink or devascularize the venous seg-
ment, increasing the risk of stenosis and thrombosis compared with the brachiocephalic fis-
tula where the vein is left in situ (3). On the other hand, it is more likely to mature and facili-
tates rapid outcomes since it uses superficially tunneled large basilic vein (3). Further,
tBBAVF has a lower risk of thrombosis and infection compared with grafts (3, 4). Based on its
unique process and hemodynamic differences, it was hypothesized that the patency or the
factors influencing patency may be distinct from that of the other native AVFs.

Percutaneous transluminal angioplasty (PTA) is an important procedure to treat stenosis of
dysfunctional AVF (5-7), and is simple, safe, effective and widely used (8, 9). The 2006 NKF-
DOQI Clinical Practice Guidelines found that the factors affecting PTA longevity were not
clearly identified and probably influenced by multiple factors including surgical techniques
(10).

Turmel-Rodrigues et al. (5) and Neuen et al. (11) showed that upper arm AVFs were associ-
ated with shorter postintervention primary patency. However, these studies did not report
tBBAVF from upper arm AVF separately. While many studies have reported patency and fac-
tors influencing outcome of PTA in AVF (5-8, 11-13), these studies may be limited by their ex-
clusion or small numbers of tBBAVF.

The purposes of our study are to evaluate the patency of PTA for dysfunctional stenosis of
tBBAVF and to analyze the influencing factors of patency.

MATERIALS AND METHODS

PATIENTS
Institutional Review Board approval was obtained for this study (IRB No. 2017-10-017-001)

and the requirement for informed consent was waived.

In total, 101 patients underwent creation of tBBAVF at our hospital between January 2006
and February 2008. Of these patients, we identified 42 patients who underwent PTA. Charac-
teristics of the study population are listed (Table 1).

We conducted a retrospective analysis of sequential PTAs in patients from January 2006 to
March 2017. The study group included patients who had previous vascular access in the ipsi-
lateral as well as the contralateral upper extremity. Comorbid conditions, the status of dialy-
sis at the time of AVF placement, and history of central dialysis catheters were recorded.

PROCEDURES AND TECHNIQUES
No routine surveillance was performed for tBBAVF. We performed fistulography only when

symptomatic fistula stenosis such as high pressure of the AVF, prolonged bleeding or inade-

quate volume flow was suspected.
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Table 1. Patient Characteristics (n = 42)

Mean age (years) 60.9 = 12.6
Sex
Men 35.7 (15)
Women 64.3 (27)
Diabetes 38.1(16)
Hypertension 81.0(34)
Cause of ESRD
Diabetes 35.7 (15)
Hypertension 28.6 (12)
Polycystic kidney disease 2.4(1)
Glomerulonephritis 24(1)
Other 14.3 (6)
Unknown 16.7 (7)
Patients on hemodialysis 97.6 (41)
History of central venous catheterization 90.5 (38)
Previous UE access 81.0 (34)

Values expressed as mean standard deviation or percent (number).
ESRD = end-stage renal disease, UE = upper extremity

All procedures were performed by two experienced interventional radiologists. Diagnostic
fistulography was performed by inserting a 21-gauge (G) needle (Becton Dickinson, Sandy,
UT, USA) into juxta-anastomosis of tBBAVF. Under conditions of decreased arterial inflow, we
evaluated the stenosis of anastomotic site through reflux of contrast material via manual
compression of proximal portion of puncture site. PTA was performed when stenosis was
greater than 70% or was situation of clinical dysfunction. The same basic technique was used
for all PTAs. In non-occluded AVF cases, after the puncture site anesthesia with 2% lidocaine
hydrochloride, an 18-G needle was inserted into the tBBAVF near the anastomosis and a
0.035- inch guidewire was directed toward the stenotic site. After placement of a 7 french (F)
vascular introducer sheath (Terumo, Corp., Tokyo, Japan or Cook Medical, Bloomington, IN,
USA), the roadmap image was obtained. A balloon catheter was passed over the guide wire
until the most proximal site of stenosis. Balloons with 5-14 mm diameter were used for ste-
nosis (Blue Max/XXL/Cutting balloon, Boston Scientific, Natick, MA, USA or Conquest/Atlas,
BARD, Covington, GA, USA). The contrast-filled balloon was inflated to 5 to 30 atmospheres
of pressure and held for 1 to 2 min using an Encore 26 manual inflation device (Boston Scien-
tific). We evaluated for residual stenosis, immediately after PTA using the roadmap image.
Residual stenosis exceeding 30% was treated with 1-2 mm larger cutting balloon or a high-
pressure balloon. Additional stent deployment was performed in case of residual stenosis
greater than 50% or complications such as venous rupture. After the procedure, the puncture
site was sutured, using a modified purse-string suture technique (14).

Occluded AVFs (n = 8) were either abandoned (n = 5) or recanalized using percutaneous
mechanical thrombectomy (n = 3). We used the crossed-catheter technique (15-17). The fistu-
la was initially cannulated with a 21-G micropuncture set (Cook Medical). We advanced the 7
F Desilets-Hoffman sheath (Cook Medical) to the venous limb along a hydrophilic guidewire
for aspiration thrombectomy. The thrombus was manually aspirated with Desilets-Hoffman
sheath. A 7-8 mm X 4 cm balloon catheter was advanced into the drain vein and 3000 IU of
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heparin was administered. After completing the treatment of the venous limb, we performed
aspiration thrombectomy of the arterial limb similarly. When wall-adherent thrombi such as
the arterial plug remained in the anastomosis, we used a 5 F Fogarty thrombectomy balloon
catheter (Baxter, Santa Ana, CA, USA) to pull the plug back into the midarterial limb of the
AVF. An angioplasty balloon was used to break the plug. Immediately after the procedure,
whole AVF angiography from the feeding artery to the superior vena cava was performed to

treat residual stenosis or adherent thrombosis as needed.

DEFINITIONS AND COMPLICATIONS

We defined patency, technical and clinical success and categorized major and minor com-
plication in accordance with Society of Interventional Radiology reporting standards (18).

Postintervention primary patency was defined as the interval from the time of the first en-
dovascular intervention until rethrombotic occlusion, sequential intervention designed to
maintain patency or reestablish patency, or the time of the last measurement of patency. The
postintervention secondary patency was defined as the interval from the initial intervention
until access abandonment, new surgical dialysis access or the longest recent follow-up period.

The technical success of PTA was defined as residual stenosis less than 30%. Clinical suc-
cess was defined as resumption of normal dialysis after at least one session of treatment of a
thrombosed access, reduction of recirculation to below threshold values after treatment of a
stenosis, or continuous palpable thrill (no pulse) extending from the anastomosis.

Any procedural complications were also reviewed.

STATISTICAL ANALYSIS

Each PTA was analyzed primarily for stenosis. Each stenosis was characterized by anatom-
ic location, percentage, length of stenosis and number of stenotic sites. We categorized the
stenotic sites anatomically into five groups: 1) central vein, 2) axillary vein, 3) mid portion of
basilic vein, 4) juxta-anastomosis (within 3 cm of the arterial anastomosis), and 5) others.

We evaluated the effectiveness of PTA by calculating the postintervention primary and sec-
ondary patency rates using Kaplan-Meier survival analysis. The log-rank test was used to
compare patency rates.

We used a multivariate Cox proportional hazards model to determine the risk factors for
loss of primary or secondary patency according to angiographic findings, clinical variables
and AVF age. Results are presented as hazard ratios with corresponding 95% confidence in-
tervals. Statistical significance was assumed at two-sided p < 0.05. Analyses were carried out
using SPSS 14.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

A total of 100 PTAs was performed in 42 patients as follows: one PTA in 15 patients (35.7%),
two PTAs in 9 patients (21.4%), three PTAs in 5 patients (11.9%), and four or more PTAs in 13
patients (30.9%).

The total number of stenotic sites was 142: one site in 63 PTAs (63.0%), two sites in 33 PTAs
(33.0%), three or more sites in 4 PTAs (4.0%). The most common site of stenosis was the mid
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portion of the basilic vein (Fig. 1).

The technical success rate of PTA was 93% (Fig. 2). Technical failure was reported in 7 proce-
dures (Fig. 3). However, all of them resulted in clinical success and underwent one or more di-
alysis sessions. The residual stenotic sites with more than 30% stenosis were innominate vein
in 3 cases, mid portion of basilic vein in 2, axillary vein and juxta-anastomosis in a case each.

8 stents were inserted in 100 PTAs. Indications of stent deployment were residual stenosis
due to elastic recoil in 6 cases, angioplasty-induced rupture of central vein in one case, and
both residual stenosis and rupture at mid portion of basilica vein in one case. Mechanical
thrombectomy was done in three cases.

There was no major complication after PTA. The only minor complication after PTA was
ruptures. Twelve angioplasty-induced ruptures occurred in 12 procedures (12%). Seven rup-
tures occurred in the mid portion of basilic vein (58.3%), 4 in axillary vein (33.3%) and 1 in
central vein (8.3%). Ten ruptures (83.3%) were treated successfully with endovascular balloon
tamponade. A case of central venous rupture induced by angioplasty underwent stenting. An-
other case involving both angioplasty-induced rupture and residual stenosis of about 60%
underwent covered stent insertion. No patient had local infection due to PTA in our study.

Fig. 1. Distribution of stenoses among all stenotic sites (n = 142).
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Fig. 2. A 64-year-old man with technically successful percutaneous transluminal angioplasty.

A. Preprocedural fistulogram shows severe juxta-anastomotic stenosis in transposed brachiobasilic arteriovenous fistula. Stenotic site (arrow).
B. A6 mm X 80 mm balloon was used to treat this lesion.

C. Stenosis was completely resolved after angioplasty without complication. Stenotic site (arrow).
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Fig. 3. A63-year-old woman who underwent a technically failed but clinically successful percutaneous transluminal angioplasty.
A. Preprocedural angiogram shows stenosis in the axillary vein in transposed brachiobasilic arteriovenous fistula. Stenotic site (arrow).

B.A5mm X 20 mm cutting balloon was used to treat this lesion.
C. Roadmap image after ballooning shows residual stenosis of about 50%. Stenotic site (arrow).
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The mean follow-up was 56.6 months in 42 patients (range, 2.6 to 123.8 months) and 18 pa-
tients were lost to follow-up during the study.

The postintervention primary patency for PTA in tBBAVF was 61%, 29%, and 7% at 6, 12,
and 24 months, respectively. The median period of postintervention primary patency was 6.5
months (Fig. 4). The postintervention secondary patency for PTA was 91%, 82%, and 59% at
6, 12, and 24 months, respectively. The median period of postintervention secondary patency
was 43.1 months (Fig. 4).

Predictors of postintervention patency for tBBAVF were analyzed using univariate and
multivariate analysis and the results are summarized in Tables 2, 3, and 4.

The primary patency rate was only significantly lower in angioplasty-induced rupture (p =
0.024) (Table 3, Fig. 5). Other variables such as age above 75 years, sex, history of central venous
catheterization, previous upper extremity access, multiple stenotic sites, location of stenosis,
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Table 2. Univariate Analysis of Risk Factors for Reduced Postintervention Patency

p-Value
Primary Patency Secondary Patency

Age older than 75 years 0.43 0.60
Female gender 0.11% 0.23
Diabetes 0.73 <0.01*
Patients on hemodialysis 0.51 0.29
History of central venous catheterization 0.34 0.48
Previous UE access 0.86 0.76
AVF age younger than 6 months 0.21 0.53
AVF age younger than 1 year 0.13* 0.03*
Multiple stenotic sites 0.14*
In the single stenotic site

Location of stenosis 0.53

Stenotic length greater than 2 cm 0.98

Cutting balloon 0.81

Angioplasty-induced rupture <0.01*

*Selected risk factors with p < 0.2 in the univariate analysis were analyzed by multivariate analysis.
AVF = arteriovenous fistula, UE = upper extremity

Table 3. Multivariate Analysis of Risk Factors for Reduced Postintervention Primary Patency

HR 95% ClI p-Value
Female gender 2.225 0.691-7.167 0.18
Multiple stenotic sites 0.504 0.211-1.202 0.12
AVF age younger than 1 year 1.074 0.343-3.364 0.90
Angioplasty-induced rupture 48.817 1.659-1436.296 0.024*

*Inclusion of risk factors with p < 0.2 on univariate analysis.
AVF = arteriovenous fistula, Cl = confidence interval, HR = hazard ratio

Table 4. Multivariate Analysis of Risk Factors for Reduced Postintervention Secondary Patency

HR 95% Cl p-Value
Diabetes 4.357 1.066-17.808 0.04*
AVF age younger than 1 year 0.833 0.200-3.469 0.80

*Inclusion of risk factors with p < 0.2 on univariate analysis.
AVF = arteriovenous fistula, Cl = confidence interval, HR = hazard ratio

stenotic length greater than 2 cm and balloon type were not associated with any difference in
postintervention primary or secondary patency (Tables 2, 3, and 4). The postintervention sec-
ondary patency rate was significantly lower only in the diabetes (p =0.04) (Table 4, Fig. 6).

Although not statistically significant, the central vein stenosis was associated with nearly
significant decrease in postintervention primary patency when compared with other stenotic
sites in patients with a single stenotic site (p = 0.053) (Table 5, Fig. 7).

DISCUSSION

The tBBAVF is the third option of AVF when the radial-cephalic AVF or the brachial-cephal-

https://doi.org/10.3348/jksr.2019.80.3.477 483



Percutaneous Angioplasty of Transposed Brachiobasilic Fistula

na i S [t None
| Rupture
0.8 1
g
c 0.6
[
“g .........
>
E L sy
= 0.4+
[a
0.27
................ Fig. 5. Postintervention primary
0.07 patency for transposed brachio-
T T T T T T T T .. . . .
0 2 4 6 3 10 12 14 basilic arteriovenous fistula with
Months angioplasty-induced rupture and
non-rupture (p=0.024).
1.0 A
0.8 -
>
2 06
[
8
>
©
T 04
o
3
(%]
0.2
Fig. 6. Postintervention second-
0.0 7 ary patency for transposed bra-
6 26 46 6‘0 éo 160 1£o chiobasilic arteriovenous fistula
Months with dlabejces(p:0.04). DM =dia-
betes mellitus.

ic AVF is unavailable (1). It entails a unique procedure of transposition of basilic vein and he-
modynamic differences compared with other native AVFs (3). Hemodynamically significant
stenosis inducing dysfunctional vascular access is a frequent complication warranting PTA
to maintain patency.

In our study, about two-thirds of PTAs had single stenosis, which was similar to other re-
ports (6, 7, 13). The majority of previous studies reported that juxta-anastomosis site was the
common stenotic site (5-7, 13, 19). However, most of the studies failed to analyze according to
the type of native AVFs. Furthermore, the criteria for stenotic site classification varied among
the reports. Rajan et al. (7) analyzed the stenotic site according to the type of native AVF and

the frequency of stenotic sites varied according to the type of fistula. Stenosis was most prev-
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Table 5. HRs for Reduced Postintervention Primary Patency with Location of Stenotic Site Based on Cox Se-

lectivity

Location of Stenotic Site n HR 95% Cl p-Value
Juxta-anastomosis 2 1*
Mid portion of basilic vein 5 1.256 0.232-6.793 0.791
Axillary vein 6 0.876 0.152-5.042 0.882
Central vein 2 15.267 0.962-242.389 0.053
*Reference.

Cl = confidence interval, HR = hazard ratio

1.0 1 Juxta-anastomosis
71 Mid portion of basilic vein
71 Axillary vein
0.8 Il Central vein
g 0.6
Fig. 7. Postintervention primary | &
patency according to location of e
stenotic site. Central vein steno- § 0.4 7 =
sis showed borderline significant 1
lower postintervention primary .
patency when compared with oth- 0.2 7 S !
er stenotic sites in patients with a —-————?
single stenotic site in transposed y
brachiobasilic arteriovenous fistu- 0.0 7 -
la (hazard ratio, 15.267; 95% con- 0 ) 4 6 8 10 b 14
fidence interval, 0.962 to 242.389; Months
p=0.053). o

alent within 3 cm of the arteriovenous anastomosis in 74 (64%) out of 116 dysfunctional radi-
ocephalic fistulas and at the cephalic arch in 22 (30%) out of 74 dysfunctional brachiocephal-
ic fistulas in their study (7). However, no studies reported exclusive analysis of the frequency
of stenosis in tBBAVF. In our study, the most common stenotic site of tBBAVF involved the
mid portion of basilic vein (31.7%) and the second most common stenotic site was axillary
vein (26.8%) (Fig. 1). Mid-portion of the basilic vein is the site where the dialysis needle is
punctured. The site of kinking of venous segment during the transposition of basilic vein is
axillary vein (3).

Heye et al. (13) and Trerotola et al. (20) mentioned that the technical success varied accord-
ing to the access type. In the study by Heye et al. (13), the technical success rate of tBBAVF
was 87.5% and the success rate of radiocephalic AVF was 94.3%. In our study, the proportion
of technical success of tBBAVF was 93% comparable to that of radiocephalic AVF.

Several studies have reported shorter postintervention patency of upper arm AVF com-
pared with that of forearm AVF (5, 7). Neuen et al. (11) mentioned that increased hemody-
namic shear stresses, possibly due to higher flow rates and pressures in larger upper arm
blood vessels, explained this observation. However, in our study, the patency rate of tBBAVF
after angioplasty was as high as that of forearm AVF in other studies except for the study of
Jeong et al., which had a higher rate of primary patency (Table 6) (5, 6, 8, 13, 19, 21). There
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Table 6. Review of Literature on Patency Rates after PTA for Non-Thrombosed Native Fistulas in Upper Extremities

tBBAVF Fistula Fistulas Success Primary Patency (%) Secondary Patency (%)
(n) Type (n) Rate (%)  6-Months  12-Months 6-Months  12-Months
In our study 42 tBBAVF 42 93 61 29 91 82
Turmel-Rodrigues et al. (5) Forearm 155 95 67 51 - 85
. Upper arm 65 97 57 35 - 82
Manninen et al. (21)
Forearm 53* 91 58 44 90 85
Clarkeet al. (6) 18 Forearm 53 94 55 26 82 82
Upper arm
F
Heye et al. (13) 1 orearm 1671 84 - 31 ; 84
Upper arm
Jeongetal. (19) Forearm 136 92 82 68 98 95

*Includes 12 thrombosed fistulas.
*Short segment occlusion/thrombosis treated by PTA alone were included.
PTA = percutaneous transluminal angioplasty, tBBAVF = transposed brachiobasilic arteriovenous fistula

were no studies investigating the patency rates of a large number of tBBAVFs and further
studies are needed.

Although many studies have investigated the factors that influence the postintervention
patency of AVF, there are no conspicuous factors showing coherence (5-8, 11-13, 19, 22-24).
The 2006 NKF-DOQI Clinical Practice Guidelines for Vascular Access suggest that the factors
affecting PTA longevity have not been clearly elucidated and are probably influenced by a
multitude of factors including surgical techniques (10). In addition, tBBAVF has a unique pro-
cess of transposition of the venous segment, and we assumed that the hemodynamic differ-
ences of tBBAVF may have different factors affecting the patency, when compared with other
types of vascular access.

Turmel-Rodrigues et al. (8) suggested that a minor overdilatation is preferable and carried
low risk, since we now have the means of controlling any type of rupture percutaneously. A
few studies reported successful covered stent deployment to salvage AVF complicated by ve-
nous rupture (25, 26). However, these were not reviewed according to the different types of
AVF, especially tBBAVF. In our study, the primary postintervention patency rate of tBBAVF
was significantly lower in angioplasty-induced rupture despite successful treatment with bal-
loon tamponade or stent deployment (p = 0.024) (Table 3). The reason for this lower primary
patency in angioplasty-induced rupture is unclear, however, tBBAVF may be vulnerable to
rupture due to devascularization of the venous segment during transposition. In this study,
the angioplasty-induced rupture occurred in 12% of tBBAVF, which was mainly in the mid
portion of basilic vein, similar to the result of Turmel-Rodrigues et al. (5)

Beathard (22) investigated the success of angioplasty at different stenotic sites and found
that angioplasty of subclavian vein stenosis resulted in poor long-term success. Our study
also showed similar results indicating that the presence of central vein stenosis almost sig-
nificantly lower in the postintervention primary patency than in other stenotic sites (p =
0.053) (Fig. 7).

While several studies have reported that patency of PTA is related to stenotic length (6, 12,
19), no relationship between stenotic length of tBBAVF and patency was identified in our
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study (p = 0.98). The majority of subjects in previous studies were radiocephalic AVFs, which
may be responsible for the differences between studies.

The central dialysis catheters were found to be vulnerable to infection and thrombus, and
subsequent stenosis interfered with the creation of a future arteriovenous access (8, 23).
However, a history of upper extremity vascular access as well as central dialysis catheter in-
sertion was not associated with postintervention patency in our study (Table 2).

Other studies reported that clinical variables except diabetes did not affect the postinter-
vention primary or secondary patency (6, 11-13). In our study, diabetes was the only factor
that lowered postintervention secondary patency (p = 0.04) (Fig. 6). The result suggesting that
diabetes lowers the patency of PTA is similar to the study of Clark et al. (6) and Heye et al. (13).

As shown in many studies, a younger AVF age was associated with poor postintervention
patency (5, 6, 11, 13), probably due to immature AVF as reported by Manninen et al (27).
These may be supported by our results that more common stenosis was noted at the axillary
vein in the younger tBBAVF than in the older tBBAVF (46.1% vs. 11.8%). The axillary vein is
vulnerable to maturation due to transposed segment of tBBAVF. However, previous studies
had a limitation in that the majority of native AVFs were forearm AVF and the number of up-
per arm AVF as well as tBBAVF was small. The relationship between tBBAVF age and postint-
ervention patency in our study was contrary to the results of most previous studies (5, 6, 11,
13). In our study, no statistically significant loss of postintervention primary or secondary pa-
tency was observed in young AVF stratified into groups younger than and older than 6
months or 1 year. We assumed that postintervention patency of tBBAVF was less affected by
AVF age because maturation of tBBAVF was nearly a month faster than other native AVFs (3).

The major limitation of this study was its retrospective design, limitation to a single institu-
tion without a control group. However, compared with other studies to date, we analyzed the
largest number of PTAs of tBBAVFs. We did not analyze the effect of technical success on pos-
tintervention patency due to the small number of technical failures. However, most studies
reported no association between technical success and postintervention patency (6, 13, 28).

In conclusion, PTA is a safe and effective intervention for dysfunctional stenosis of tBBAVF
based on its unique transposition of the venous segment. We suggest that repeated PTAs in
tBBAVF are acceptable due to excellent secondary patency and absence of major complica-
tion. Loss of postintervention primary patency of tBBAVF is influenced by angioplasty-in-
duced rupture and possibly central vein stenosis. Diabetes per se has a significant effect on
postintervention secondary patency. Patients with tBBAVF with these additional risk factors
may need frequent surveillance to prolong AVF longevity.
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