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Introduction Arteriovenous fistulae (AVF) for hemodialysis (HD) are prone to devel-
opment of multiple complications, which can lead to nonfunctioning of the fistula.  
We report outcomes of endovascular management for dysfunctional HD AVF.
Materials and Methods In this prospective study, patients (43 men, 28 women, 
mean age 47.4 years) with clinical signs and symptoms of dysfunctional HD AVF and 
referred to interventional radiology for endovascular management were included.  
The most common clinical presentation included low flows during hemodialysis  
(n = 20), absent flow (n = 37), and failure of fistula maturation (n = 14). Patients with 
central venous obstruction who presented with limb swelling were excluded from this 
study. Patients underwent venography, venoplasty and thrombectomy, as appropri-
ate, to salvage the fistula. The study outcomes were technical success, hemodynamic 
success, and clinical success of endovascular therapies in salvaging the fistulae.
Results The technical, hemodynamic and clinical success rates of endovascular ther-
apy for low-flow symptoms were 95%, 70% and 95%, respectively. Among patients who 
presented with absent flow, endovascular therapy had 81% technical success, 78.3% 
hemodynamic success, and 81% clinical success. Endovascular therapy was associated 
with 64.2% technical success, 57.1% hemodynamic success, and 64.2% clinical success 
in patients presenting with failed maturation of the fistula. The overall clinical success 
rate was 58/71 (81.7%) and failure rate was 13/71 (18.3%). The overall complication 
rate of endovascular therapy was 8.4% and the complications included vein rupture in 
5 (7%) and balloon rupture in 1 (1.4%).
Conclusion Endovascular therapy for salvage of nonfunctioning hemodialysis AVF is 
associated with a high-clinical success rate (81.7%) and low-complication rate.
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Introduction
Chronic kidney disease (CKD) is a worldwide public health 
problem.1 An Indian population-based study estimated the 
crude and age-adjusted end-stage renal disease (ESRD) inci-
dence rates at 151 and 232 per million population, respec-
tively.2 Hemodialysis is the standard modality of renal 
replacement therapy for patients with ESRD. In the past, the 
most important cause of failure of hemodialysis (HD) was the 
lack of a good vascular access. After the introduction of the 
Cimino–Brescia fistula in 1966, and with the advent of pros-
thetic arteriovenous graft (AVG) and central venous catheters 
(CVCs), physicians have the opportunity to choose among the 
most appropriate vascular access (VA) for HD patients. The 
common types of arteriovenous fistula (AVF) are as follows: 
radiocephalic fistula (RCF), brachiocephalic fistula (BCF), and 
brachiobasilic fistula (BBF). AVFs remain the first choice for VA 
because of their higher patency rates, lower rate of complica-
tions, and higher overall survival.3 However, AVFs are prone to 
multiple complications, which may lead to nonfunctioning of 
the fistula. These complications are usually managed by sur-
gical revision or endovascular therapy. While there is exten-
sive data from the developed countries on the effectiveness of 
endovascular therapy for salvage of dysfunctional AVFs, a sim-
ilar data from India is lacking. Thus, the purpose of this study 
is to report outcomes of endovascular interventions in the 
management of dysfunctional AVFs from our center in India.

Materials and Methods
This was a prospective study performed over 19 months 
between August 2013 to March 2015. Ethical approval was 
obtained from our institute’s ethics board. Informed consent 
was obtained from all patients. The following were inclusion 
criteria: All patients with clinical signs and symptoms of AVF 
dysfunction and referred to the Department of Radiodiagnosis 
for interventional management during the period of study, 
with age > 18 years and with the ability to give informed con-
sent. Exclusion criteria included patients with age less than 
18 years, inability to provide informed consent, allergy to 
contrast media, cellulitis, and patients with central venous 
stenosis (evaluated separately). The patients were assessed 
by Doppler ultrasound for the cause of fistula dysfunction, 
and suitable patients were treated with appropriate inter-
ventional procedures. Patients with central venous obstruc-
tion who presented with limb swelling were excluded from 
this study.

Patients and Clinical Presentation
As many as 101 patients were evaluated clinically and all 
of them underwent Duplex ultrasound evaluation. Thirty 
patients presented with nonfunctioning fistula with absent 
flow for more than 30 days and had collapsed and fibro-
sed vein throughout and were not amenable for interven-
tion. The remaining 71 patients were evaluated for site 
of stenosis/thrombosis or other causes of decreased flow. 
Among these patients, there were 53 cases of RCF (74.6%), 
16 cases of BCF (22.6%), and 2 cases of BBF (2.8%).

Demographic Details
Patients had a mean age of 47.4 years (range 14–80 years). 
Most of the patients were in their sixth decade, with male to 
female ratio being 1.5:1.

Clinical Background
Patients in the study had CKD with surgical AVF in upper 
limb, and they were either undergoing dialysis through AVF 
or were to be started on dialysis through AVF. They were 
referred with nonfunctioning AVF/graft, with the following 
presenting complaints: decreased flow during dialysis (n = 
20, 22.2%), absent flow/thrill during/after dialysis (n = 37, 
41.1%), and failure to mature (n = 14, 15.5%). The mean dura-
tion of presentation for dysfunctional fistulas who presented 
with absent flow or decreased flow during HD was 3.2 days 
(ranging from 1–7 days). According to institutional surveil-
lance protocol, patients were monitored at 1, 4, and 12 weeks 
for fistula maturation using Duplex ultrasound. Thirteen 
patients were taken up for venoplasty when they presented 
with failure of AVF to mature at 4 weeks (three patients who 
had stenosis+thrombosis) to 12 weeks (ten patients who had 
decreased flow on Doppler evaluation) after fistula creation.

Duplex Doppler Evaluation
These patients were evaluated using Duplex Doppler and 
high-frequency linear probe. Artery, fistula site, and veins 
were evaluated to look for patency of vessels, presence of 
thrombosis/stenosis, and presence of branching veins. Flow 
volume was calculated in the patent fistulae which presented 
with decreased flow. Flow volumes was calculated as “area × 
mean velocity × 60.” The vessel diameter was calculated on 
B-mode ultrasound. The mean flow velocity was calculated 
from the time/velocity curve (using the time-averaged veloc-
ity option).

Stenosis was noted in n = 26 (36.6%) cases, thrombosis in 
n = 29 (40.9%) cases, stenosis+thrombosis in n = 15 (21.1%) 
cases, and branching of veins in midforearm was noted in n 
= 1 (1.4%) case (►Table 1). One patient had calcification of 
radial artery in addition to stenosis of outflow vein. The var-
ious sites of stenosis are shown in ►Table 2. The most com-
mon site of stenosis was juxta-anastomotic (60.9%). Mean 
length of stenosis was 23 mm.

Patients who had distended vein amenable for puncture 
were taken up for venoplasty. In patients with collapsed 
vein, tourniquet was applied and Doppler evaluation was 
done along the course of vein to look for distensible segment, 
which can be used for puncture. Patients who had long seg-
ment fibrosed vein with no distensible segment were consid-
ered nonamenable for intervention.

Interventional Therapies
Seventy-one patients were taken up for venography pro-
cedure. Transvenous access was used in all patients. Under 
strict aseptic precautions, vein was punctured using micro-
puncture introducer set (Cook Medical, Bloomington, IN) 
/18G intravenous cannula in compressible and distensible 
part of proximal forearm (RCF) or in proximal arm (BCF/BBF). 
Tourniquet was tied proximally to distend the target vein. 
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Following venous access, 6Fr arterial sheath was placed. 
Images of the complete venous outflow were acquired by 
repeated manual injection of 5 to 10 mL of the nonionic con-
trast material. Following venography, 0.035’’ angled hydro-
philic guidewire (Glidewire; Terumo, Somerset, NJ) was 
negotiated through stenotic/thrombotic segment under flu-
oroscopy and USG guidance. AVF site was traversed by guide-
wire, with distal end of wire positioned in artery. Following 
this, venoplasty was done using standard balloon catheter 
(Advance 35 LP, Cook Medical, Bloomington, IN) of appropri-
ate size (4–8 mm diameter, 4 cm length) over 0.035’’ angled 
hydrophilic guidewire (Glidewire; Terumo, Somerset, NJ), 
and balloon dilatation of the stenotic segment and/or mac-
eration of thrombus was done. Balloon inflation was done 
for 1 to 3 minutes. Thrombectomy was done by aspiration of 
thrombus through the 6F sheath. Thrombolysis was not per-
formed. Postprocedure venography was repeated.

Following the interventional procedure, patients were 
evaluated to look for evidence of technical success. Patients 
were then followed up on the 2nd and 10th day with Doppler 
ultrasound to assess hemodynamic success. Patients were 
also followed-up clinically to assess clinical success for a 
period of 30 days.

Definitions
Technical success was defined by presence of thrill, veno-
gram study showing restoration of blood flow, and absence 
of stenosis/thrombosis immediately after the endovascular 
procedure, without any procedural complication leading to 
failure. Technical failure was defined as absence of thrill with 
persistence of stenosis/thrombosis immediately following 
the procedure.

Hemodynamic success was defined as flow volume  
> 500 mL/min, vein diameter > 4 mm and skin to vein dis-
tance < 6 mm (measured by Doppler studies on 2nd and 10th 
day following the endovascular procedure).

Clinical success was defined as the ability to undergo suc-
cessful dialysis through the fistula with adequate flow for 
minimum of 30 days following the endovascular procedure.

Clinical failure was defined as the inability to complete 
a successful hemodialysis through the fistula following the 
endovascular procedure.

Results
Outcome in Patients with Decreased Flow in the AVF
Twenty patients who presented with decreased flow through 
fistula during dialysis underwent venoplasty procedure 
after Doppler evaluation. Two patients had thrombosed 
fistula. There were 18 patients who had stenotic lesions.  
The most common site of stenosis was juxta-anastomotic (n = 
12, 66.6%); other sites being body of fistula (n = 5, 27.7%) and 
cephalic arch (n = 1, 5.5%). There were no patients with arte-
rial stenosis. Balloon catheter (Advance 35 LP, Cook Medical, 
Bloomington, IN) of sizes 4 to 8 mm were used. Stents were 
not used in any patient.

The clinical success in this group was achieved 
in 19/20 cases (95% clinical success rate) Procedural compli-
cation in the form of venous rupture was noted in 2 patients. 
Technical and hemodynamic success were noted in 95% 
and 70% cases, respectively (►Table 3).

Outcome in Patients with Absent Flow/Thrill in the AVF 
During/After Dialysis
Thirty-seven patients who presented with absent flow/thrill 
in the fistula during/after dialysis underwent venoplasty 
procedure after Doppler evaluation. Twenty-seven patients 
had thrombosis of fistula. There were 10 patients who had 
stenotic lesions. The sites of stenosis were juxta-anastomotic 

Table 1  Lesions noted on doppler evaluation in dysfunctional 
fistula group (n = 71)

Clinical presentation Lesion on Doppler Number

Decreased flow (n = 20) Stenosis 16

Thrombosis 2

Stenosis + thrombosis 2

Absent flow (n = 37) Thrombosis 27

Stenosis + thrombosis 10

Failure to mature (n = 14) Stenosisa 10

Stenosis + thrombosis 3

Branching of vein in 
mid forearm

1

Total (n = 71) 71

aOne patient had radial artery calcification in addition to outflow vein 
stenosis.

Table 2  Site of stenosis

Type of 
arteriovenous 
fistula

Site of stenosis Number of 
patients

Radiocephalic Juxta-anastomotic 20

Body of fistula 10

Brachiocephalic Juxta-anastomotic 5

Body of fistula 1

Cephalic arch 3

Multiple stenosis 
at anastomotic site 
and body of fistula

1

Brachiobasilic 
fistula

Swing site stenosis 1

Table 3  Outcome of venoplasty in dysfunctional fistula group 
in patients presenting with decreased flow (n = 20)

N Percentage (N/20) 
× 100

Technical success 19 95

Hemodynamic 
success

14 70

Clinical success 19 95

Technical failure 1 5

Clinical failure 1 5
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(n = 3, 30%), body of fistula (n = 3, 30%), cephalic arch  
(n = 2, 20%), swing site in BBF (n = 1, 10%), and multiple sites of 
stenosis involving juxta-anastomotic site and body of fistula 
(n = 1, 10%). There were no patients with arterial stenosis. 
Balloon catheter (Advance 35 LP, Cook Medical, Bloomington, 
IN) of sizes 4 to 8 mm were used. Stents were not used in any 
patient.

Clinical success was achieved in 30/37 cases (81% clinical 
success rate). Technical and hemodynamic success were noted 
in 81% and 78.3% cases, respectively (►Table 4). Procedural 
complication (venous rupture) was noted in 3 patients.

Outcome in Patients with Failure of AVF to Mature
Fourteen patients who presented with failure to mature 
underwent venography+/–venoplasty procedure after 
Doppler evaluation. One patient had multiple branching 
veins in forearm. Stenotic lesions were noted in 13 patients. 
The most common site of stenosis was juxta-anastomotic  
(n = 10, 76.9%), with the other site being body of fistula  
(n = 3, 23.1%). Additionally, inflow artery calcification was 
noted in 1 patient and attenuated inflow artery in another 
patient. Balloon catheter (Advance 35 LP, Cook Medical, 
Bloomington, IN) of sizes 4 to 8 mm were used. Stents were 
not used in any patient.

Clinical success was achieved in 9/14 cases (64.2% clini-
cal success rate). Technical and hemodynamic success were 
noted in 64.2% and 57.1% cases, respectively (►Table 5).

Overall Outcomes
Overall clinical success rate among the 71 patients who 
underwent endovascular therapy was 58/71 (81.7%) and the 
failure rate was 13/71 (18.3%). None of the patients required 
repeat intervention during 1-month follow-up. Examples 

of cases with successful venoplasty in case with decreased 
flow and absent flow are shown in ►Fig.  1 and ►Fig.  2, 
respectively.

Causes of Failure
Failure rate in endovascular management of dysfunctional 
fistula was 18.3%. Causes of failure include failure to cross 
the area of stenosis in 1, long segment thrombosis in 5, tight 
stenosis leading to rupture of the vein during dilatation 
in 2, branching of veins leading to flow diversion in 1, inflow 
artery calcification in 1, attenuated inflow artery in 1, and 
unknown in 2. For the patient who had multiple branching 
veins in forearm, option of endovascular coiling was given to 
the patient; however, the patient could not afford the cost of 
the procedure.

Complications and Their Management
Complications noted in our study were balloon rupture in  
1 (1.4%) and vein rupture in 5 (7%) patients.

Balloon rupture was noted when an attempt was made to 
dilate an area of tight stenosis in the cephalic arch entering 
the subclavian vein. Balloon catheter was recovered imme-
diately. Dilatation was done using a smaller balloon catheter 
and the procedure was technically successful.

Vein rupture was noted in 5 patients. It occurred when 
an attempt was made to dilate a region of tight stenosis 
(3 patients), and during dilatation of a chronically fibrosed 
long-standing venous occlusion (2 patients).

Vein rupture was managed with manual compression for 
15 to 20 minutes at the rupture site in 4 patients. However, 
balloon tamponade with 4 mm balloon was required for 15 to 
20 minutes in 1 patient, as vein rupture was close to AVF site 
(which was patent, thus leading to increased extravasation). 
None of the patients required placement of stent graft to stop 
the extravasation. Following treatment of vein rupture, suc-
cessful venoplasty during the same setting was performed in 
3 patients, while 2 patients had clinical failure. Complications 
are shown in ►Fig. 3.

Discussion
We assessed the effectiveness and safety of endovascular 
procedure for salvage of nonfunctioning AVFs, presenting as 
decreased flow, absent flow, or failure to mature. Doppler 
evaluation revealed the underlying lesion as thrombosis, 
stenosis with/without thrombosis, and branching of veins. 
These lesions were treated with balloon venoplasty with bal-
loon dilatation.

Clinical success was achieved in 95% of patients who pre-
sented with decreased flow in AVF, 81% of patients who pre-
sented with absent flow, and 64% of patients with failure of 
AVF to mature. Overall clinical success was noted in 81.7% 
cases (58/71).

The traditional approach for endovascular treatment of 
dysfunctional dialysis access has been the transvenous ante-
grade or retrograde puncture of the fistula, which was also 
used in our study. However, transradial approach can also 
be used and is advantageous in cases of a juxta-anastomotic 

Table 4  Outcome of venoplasty in dysfunctional fistula group 
in patients presenting with absent flow (n = 37)

N Percentage  
(N/37) × 100

Technical success 30 81

Hemodynamic 
success

29 78.3

Clinical success 30 81

Technical failure 7 18.9

Clinical failure 7 18.9

Table 5  Outcome of venoplasty in dysfunctional fistula group 
in patients presenting with failure to mature (n = 14)

N Percentage  
(N/14) × 100

Technical success 9 64.2

Hemodynamic 
success

8 57.1

Clinical success 9 64.2

Technical failure 5 35.7

Clinical failure 5 35.7
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stenosis, multiple proximal venous outflow stenosis, or lesions 
in both limbs of the AVF.4 After obtaining access, venography 
reveals the sites of stenosis/occlusion. The stenotic lesion 
is crossed by 0.035” guidewire, noncompliant balloon is 
tracked over the wire, and angioplasty is performed. Usually 
1 to 3 minutes inflation time for standard balloon is enough 
for most patients. Ultrahigh-pressure/cutting/drug-eluting 
balloon may be required for resistant cases. Mechanical 
thrombectomy with thromboaspiration or pharmacological 
thrombolysis may be required in cases with extensive throm-
bus burden.

Bittl et al noted that catheter-based interventions are 
successful in restoring flow in more than 80% of HD accesses 

that undergo thrombosis and have replaced surgical revi-
sion as the treatment of choice for failing or thrombosed 
accesses.5 Nikam et al performed percutaneous interven-
tion of thrombosed AVF in the form of various procedures 
including balloon maceration, mechanical thrombolysis 
(Angiojet/Trerotola), angioplasty, in situ pharmacological 
thrombolysis, and stenting.6 The initial radiological success 
was achieved in 86.7% cases. Clinical success, defined by 
a successful first dialysis, was 81.9%. In a study by Cohen 
et al, angiography was done in 43 patients with dysfunc-
tional fistula revealing juxta-anastomotic stenosis/throm-
bosis.7 Following percutaneous intervention, immediate 
postprocedural angiography demonstrated an angiographic 

Fig. 1 Example of venoplasty in a patient with decreased flow through fistula during dialysis. Doppler evaluation of a 47-year-old patient 
with decreased flow in left brachiocephalic fistula (BCF) revealed (A) patent left BCF site, with (B) decreased flow in outflow vein (58 mL/min) 
insufficient for dialysis. Venogram study (C) revealed stenosis of outflow vein just distal to anastomosis site (arrow). (D) Balloon dilatation was 
done using 8 mm × 4 cm balloon catheter, which showed presence of waist (arrow) at site of stenosis (E) Further inflation of balloon led to 
disappearance of waist and dilatation of stenosis. Postdilatation run (F) shows increased caliber of vein with increased flow with no periproce-
dural complication. Postvenoplasty Doppler revealed (G) patent AVF site. (H) Increased flow volume of 985 mL/min and vein diameter 5.4 mm 
were noted on tenth day following intervention.
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success rate of 98%. Clinical success, with at least one session 
of normal dialysis, occurred in 95% of interventions (which 
was similar to our study). Recently, drug-eluting balloons are 
being tried for stenosis in native HD fistulas, and in a study 
by Yildiz et al, there was a nonsignificant tendency for lower 
rate and a delay for recurrent dysfunction in patients treated 
with paclitaxel drug-eluting balloon.8

We achieved 64% success rate in salvage of fistulas that 
failed to mature. Miller et al were able to salvage 97% (118/122) 
of nonmatured AVFs with a more aggressive approach to 
dilating diffusely strictured veins, forced balloon-assisted 
maturation of deep veins up to 16 mm in diameter, and 
elimination of nearly all distal and midfistula collateral 
vein.9 Turmel-Rodrigues et al achieved 97% clinical success 

Fig. 2 Example of venoplasty in a patient with absent flow through fistula during dialysis. Doppler evaluation in a 56-year-old patient with 
absent flow in left brachiocephalic fistula (BCF) revealed (A) thrombosed BCF site with (B) thrombosed vein. Venogram study (C) revealed 
nonopacification of outflow vein in lower and midarm with segmental stenosis in upper arm. (D) Anastomotic site was traversed, and distal 
end of guidewire and multipurpose angiographic catheter noted in brachial artery. Balloon dilatation was done using 8 mm × 4 cm bal-
loon catheter, which showed presence of waist in lower and mid arm (E, F); further inflation showed disappearance of waist of balloon. 
Postvenoplasty Doppler (G) revealed patent brachiocephalic arteriovenous fistulae (AVF) site with increased flow volume of 1298 mL/min and 
vein diameter 9.0 mm on tenth day following intervention (H).
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in salvage of immature forearm fistulas by interventional 
procedures.10 Beathard et al published that access was sal-
vaged in 52 out of 63 patients (82.5%).11 In another study by 
Miller et al, 111 (79%) fistulas matured through sequential 
angioplasty procedures and became usable for HD (clinical 
success).12 In a study by Nassar et al of endovascular manage-
ment of “failure to mature” fistulas, the technique was suc-
cessful in 107 (89.9%) cases, and the AVF was salvaged in 99 
(83.2%) cases.13 Park et al obtained a clinical success in 94% 
cases using endovascular techniques to achieve maturity of 
fistula.14 Lee et al obtained technical and clinical success rate 
of 88.9% and 85.2%, respectively in endovascular manage-
ment of AV fistula.15 Thus, the success in patients with fis-
tulas which fail to mature was lower in our study (64%) as 
compared with others. However, the number of patients in 
this group was only 14, and success was noted in 9 patients, 
while failure was noted in 5 patients. The causes of failure in 
these cases were inflow artery calcification (n = 1), attenuated 

inflow artery (n = 1), accessory veins (n = 1), and unknown 
(n = 2). Thus, failure in this group was due to inflow lesions 
and accessory veins, both of which were not separately man-
aged in our study. Coil embolization of deep accessory veins 
has been described in studies; however, it was not done in 
any of our cases.9,11

Complications noted after intervention in our study were 
balloon rupture in one case (1.4%) and vein rupture in five 
cases (7%). This is comparable to other studies.

We encountered a case of balloon rupture, which 
was removed intact, and no vessel damage was noted. 
Unfortunately, a large number of venous stenoses are very 
resistant to conventional angioplasty and are not resolved 
with routine pressures (12 to 20 atmospheres). Moreover, 
conventional percutaneous transluminal angioplasty (PTA) 
balloons may rupture during dilatation at higher pressures, 
thus potentially damaging the venous wall.16,17

In our study, there were 5 patients who developed venous 
rupture during angioplasty; four of them were managed by 
manual compression, and one required prolonged balloon 
tamponade at the rupture site. No patient required stenting 
to manage venous rupture. Successful control of bleeding 
was observed in all patients, of whom 3 underwent success-
ful venoplasty, while 2 patients encountered technical and 
clinical failure. Vessel rupture and perforation have been 
identified as potential complications of percutaneous treat-
ment and may occur in < 1% of cases.18,19 One study suggested 
that using a balloon catheter more than 2 mm larger than 
the diameter of the HD access or using peripheral cutting 
balloons increased the risk of rupture. Miller et al noted five 
instances (out of 140 interventions) of angioplasty-induced 
vein rupture.12 Turmel-Rodrigues et al noted that nine acute 
venous ruptures occurred during dilatation (13%), seven of 
which were managed by prolonged balloon dilatation, while 
two required stenting.10

Our study has the following limitations: Patients were 
assessed for success of procedure by Duplex ultrasound 
evaluation on the second and tenth day following procedure 
and followed-up clinically to ensure successful dialysis for a 
period of 30 days, which defined the clinical success in our 
study. Further follow-up to assess long-term patency was not 
performed. Pharmacological thrombolysis for thrombosis 
and coil embolization for accessory veins was not performed 
in our study.

Conclusion
Endovascular management for salvage of nonfunctioning fis-
tulas is safe and effective method with high-clinical success 
rate (81.7%). Optimal patient selection can further increase 
success and decrease the rate of complications during 
intervention.

Conflict of Interest
None declared.

Fig. 3 Complications during venoplasty (A) Balloon rupture during 
dilatation of cephalic vein entering subclavian vein at a region of 
tight stenosis. (B) Cephalic vein rupture with contrast extravasation 
during dilatation of a region of tight stenosis. It was managed by 
manual compression (C) Cephalic vein rupture with persistent con-
trast staining of subcutaneous tissue when attempt was made to 
dilate a chronically fibrosed venous segment. It was managed by 
manual compression. (D) Balloon dilatation of cephalic vein at left 
brachiocephalic arteriovenous fistulae (AVF) anastomotic site. (E) 
Active contrast extravasation was from venous side. (F) Balloon was 
kept inflated at that segment for 20 to 25 minutes. (G) Contrast 
study done subsequently shows no contrast extravasation with pat-
ent cephalic vein with increased flow.
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